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METHOD AND APPARATUS FOR WOUND
CLOSURE WITH SEQUENTIAL TISSUE
POSITIONING AND RETENTION

FIELD OF THE INVENTION

[0001] The present invention is generally directed to the
field of wound closure. More specifically, the present inven-
tion is directed to an apparatus and related methods of use for
grasping, positioning and retaining opposed sides of a tissue
wound for securing with a tissue fastener.

BACKGROUND OF THE INVENTION

[0002] Throughout history, sutures have been utilized to
capture and retain tissue in approximation during a wound
healing period. More recently, medical staplers and staples
have been developed to speed the closure process. While
conventional sutures and medical staplers can be very effec-
tive, they are each prone to infection, unsightly scarring and
can require subsequent medical follow ups for removal of the
suture or staple by a medical professional.

[0003] In a desire to improve upon the existing techniques
for wound closure, an approach to wound closure through the
insertion of a bioabsorbable fastener is described in U.S. Pat.
Nos. 6,726,705,7,112,214, 7,547,315, 7,686,200, 7,950,559,
8,066,736 and 8,074,857 and US Patent Publications 2012/
0145765 and 2013/0267997 to Peterson et al., all of which are
herein incorporated by reference in their entirety. These
devices and methods have been commercialized as the
INSORB® available from Incisive Surgical, Inc. of Ply-
mouth, Minn. By using a dermal insertion and fastening
approach as taught by Peterson et al., visible scarring is mini-
mized and incidences of infection are significantly reduced.
[0004] Inorderto successfully implement the dermal inser-
tion techniques and methods taught by Peterson et al., it is
especially important that tissue on opposed sides of a wound
be properly positioned and retained during introduction of a
fastener. As such, it would be advantageous to further
improve upon the devices and methods as taught by Peterson
et al. so as to further assist medical professionals in properly
grasping and positioning tissue for presentation to a bioab-
sorbable fastener.

SUMMARY OF THE INVENTION

[0005] Apparatus and related methods for sequentially
positioning and retaining opposing sides of a tissue wound.
The apparatus includes a device body having a head portion
for positioning between first and second sides of the wound,
with the head portion defining first and second retention
zones on opposed side of the head portion. The device body
further includes first and second approximation arms. The
device body further includes an actuation assembly defining
four operational positions including a first ready state and
three stages of operation for delivery of a fastener. In a first
ready state, the head portion can be placed into a wound and
against a first side of tissue. In a first stage of operation, the
first approximation arm is positioned proximate the first
retention zone of the head portion such that the first side of
tissue is retained and positioned with respect to the head
portion. In a second stage of operation, the second approxi-
mation arm is positioned proximate the second retention zone
of the head portion such that the second side of tissue is
retained and positioned on an opposite side of the head por-
tion from the first side of tissue. In a third stage of operation,
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apenetrator assembly is advanced such that a pair of penetra-
tors advance through the first and second retention zones to
advance a fastener into the first and second sides of tissue that
are retained and positioned with respect to the head portion.
The apparatus can be returned to the ready state, wherein the
previously delivered fastener retains the first and second sides
of tissue in approximation and the method can be repeated
along the wound for delivery of additional fasteners from the
device body.

[0006] A first aspect of the present invention can include
representative methods for securing skin tissue with a fas-
tener involving sequential positioning and retention of skin
tissue on opposing sides of a wound. The method can com-
prise positioning a head portion of a fastening device within
the skin wound. The method can further comprise positioning
a first side of skin tissue between a first approximation arm of
the fastening device and the head portion. The method can
further comprise retaining the first side of skin tissue between
the first approximation arm and the head portion. While the
first side of skin tissue remains retained between the first
approximation arm and the head portion, the method can
further comprise positioning a second side of skin tissue
between a second approximation arm and the head portion.
The method can further comprise retaining the second side of
skin tissue between the second approximation arm and the
head portion. Finally, the method can comprise delivering a
fastener into the retained first and second sides of skin tissue.
In some embodiments, the steps of positioning the first and
second sides of skin tissue can involve sequentially grasping
and placing the first side skin tissue in proximity to the head
portion using a conventional forceps followed by sequentially
grasping and placing the second side of skin tissue in prox-
imity to the head portion. In some embodiments, the step of
delivering the fastener can include inserting a staple arm into
each for the first and second sides of skin tissue such that a
backspan resides across a vertical interface defined between
the first and second sides of skin tissue. In some embodi-
ments, the method of retaining the first and second sides of
skin tissue can include advancing an actuator body on the
fastening device such that the actuator body directs sequen-
tial, rotatable operation of the first and second actuation arms.
In some embodiments, the method can further comprise
directing penetrators into the retained first and second sides of
skin tissue such that staple arms on the fastener can be
deployed into pierced openings in the first and second sides of
skin tissue.

[0007] In another aspect of the present invention, a skin
fastening device can comprise a device body having a head
portion, first and second approximation arms and an actuator
body wherein manipulation of the actuator body results in
sequential operation of the first and second approximation
arms relative to the head portion. In a first stage of operation,
the actuator body causes the first approximation arm to be
manipulated into proximity with the head portion to define a
first retention position for retaining a first side of skin tissue.
In a second stage of operation, the actuator body causes the
second approximation arm to be manipulated into proximity
with the head portion to define a second retention position for
retaining a second side of skin tissue. In a third stage of
operation, the actuator body causes a fastener to be advanced
toward the head portion for delivery of the fastener into the
retained first and second sides of skin tissue. In one represen-
tative embodiment, the first and second approximation arms
are rotatably coupled to the device body such that the first and
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second approximation arms are sequentially, rotatably
manipulated into proximity with the head portion. In some
embodiments, the first and second approximation arms and
the actuator body are manipulated and along a shared planed
defined by the device body. In another representative embodi-
ment, the device body further comprises a penetrator assem-
bly that is manipulated by the actuator body to advance the
fastener toward the head portion. In some embodiments, the
actuator body comprises first and second actuator surfaces
that sequentially engage the first and second approximation
arms. In some embodiments, the first and second approxima-
tion arms can each include a rotatable engagement member
that engages the actuator body.

[0008] In another aspect of the present invention, the dis-
closed apparatus and methods involving sequential place-
ment and retention of opposed sides of skin wounds can be
utilized to close skin wounds, wherein the opposed sides can
be difficult to approximate and/or retain. For instance, high
tension wounds based on small wound sizes, such as, for
example, laparoscopic skin ports or based on various loca-
tions of a body. In addition, the disclosed apparatus and
methods can be especially beneficial in closing wounds
resulting from tissue excision or irregular incisions or lacera-
tions.

[0009] Inyet another aspect of the present invention, a skin
fastening device of the present invention can be fabricated to
increase visibility and use of device allowing for operation by
a single medical professional. In some embodiments, a head
portion and first and second approximation arms can be con-
structed to have low profiles so as to not obstruct a user’s view
of'a skin wound, the head portion or the approximation arms.
In some embodiments, the first and second approximation
arms can operate along a same plane as an actuator body
within a device body such that manipulation of the arms does
notrestrict and overhead view of a fastening end of the device.
[0010] In another aspect of the present invention, a skin
fastening device of the present invention can be fabricated of
suitable materials for enhancing operation during closing of
high tension skin wounds. In one representative embodiment,
first and second approximation arms can be fabricated of a
rigid, nonflexible material to as to promote consistent reten-
tion of skin tissue with respect to a head portion of the skin
fastening device. In some embodiments, the first and second
approximation arms can be fabricated from a medically com-
patible metal or metal alloy. In constructing the first and
second approximation arms of a suitable rigid, nonflexible
material, a profile of the first and second approximation arms
can be reduced so as to enhance visibility of a fastening end of
the device during use in wound closure.

[0011] Inyetanotheraspect of the present invention, a skin
fastening device of the present invention can be utilized in
conjunction with one or more wound closure techniques for
closing a full length of a skin wound. The skin fastening
device of the present invention can have a reduced profile in a
head portion and with first and second approximation arms
such that the skin fastening device can be utilized at end
regions of a longer wound that would be otherwise difficult to
close with conventional techniques. For instance, the skin
fastening device of the present invention can be utilized to
deliver fasteners into end portions that are less than 2 cm in
length. In addition, the skin fastening device of the present
invention can be manipulated so as to delivery fasteners in
horizontal, vertical or oblique orientations relative to an exte-
rior surface of skin.

Oct. 29, 2015

[0012] The above summary of the various representative
embodiments of the invention is not intended to describe each
illustrated embodiment or every implementation of the inven-
tion. Rather, the embodiments are chosen and described so
that others skilled in the art can appreciate and understand the
principles and practices of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention can be more completely understood
in consideration of the following detailed description of vari-
ous embodiments of the invention in connection with the
accompanying drawings, in which:

[0014] FIG. 1 is a top, perspective view of a skin tissue
opening.
[0015] FIG. 2isa section view of the skin tissue opening of

FIG. 1 taken at line 2-2 of FIG. 1.

[0016] FIG. 3isa section view of the skin tissue opening of
FIG. 1 having opposing tissue sides arranged in an approxi-
mated, everted disposition.

[0017] FIG. 4 is a top, perspective view of skin fastening
device according to a representative embodiment of the
present invention.

[0018] FIG. 5 is a bottom, perspective view of the skin
fastening device of FIG. 4.

[0019] FIG. 6 is a bottom, perspective view of an upper
housing member of the skin fastening device of FIG. 4.
[0020] FIG. 7 is a top, detailed, perspective view of a fas-
tening end of the skin fastening device of FIG. 4.

[0021] FIG. 8 is a bottom, detailed, perspective view of the
fastening end of FIG. 7.

[0022] FIG. 9 is a top, perspective view of a lower housing
member of the skin fastening device of FIG. 4.

[0023] FIG. 10 is a bottom, perspective view of the lower
housing member of FIG. 9.

[0024] FIG. 11 is a top, perspective view of an actuator
assembly including a penetrator assembly attached thereto
for use in the skin fastening device of FIG. 4.

[0025] FIG. 12 is a top, perspective view of a sequential
retention assembly of the skin fastening device of FIG. 4.
[0026] FIG.13isatop, perspective view of a fastener of the
skin fastening device of FIG. 4.

[0027] FIG. 14 is a bottom, perspective view of the skin
fastening device of FIG. 4 with a lower housing member
removed.

[0028] FIG. 15 is an exploded, bottom perspective view of
the skin fastening device of FIG. 4.

[0029] FIG. 16 is detailed, bottom perspective view of a
fastening end of the fastening device of FIG. 4 with a lower
housing member removed.

[0030] FIG. 17 is a bottom view of the fastening device of
FIG. 4 with a lower housing member removed and in a ready
orientation.

[0031] FIG. 18 is a bottom view of the fastening device of
FIG. 4 with a lower housing member removed.

[0032] FIG. 19 is a bottom view of the fastening device of
FIG. 4 with a lower housing member removed and in a first
retention position

[0033] FIG. 20 is a bottom view of the fastening device of
FIG. 4 with a lower housing member removed.

[0034] FIG. 21 is a bottom view of the fastening device of
FIG. 4 with a lower housing member removed and in a second
retention position.

[0035] FIG. 22 is a bottom view of the fastening device of
FIG. 4 with a lower housing member removed.
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[0036] FIG. 23 is a bottom view of the fastening device of
FIG. 4 with a lower housing member removed.

[0037] FIG. 24 is a bottom view of the fastening device of
FIG. 4 with a lower housing member removed and in a fas-
tener placement disposition

[0038] FIG.25is atop view of a skin opening having a head
portion of the fastening device of FIG. 4 positioned there
within.

[0039] FIG. 26 is a top view of the skin opening of FIG. 25
having a first skin side being captured by the fastening device
of FIG. 4.

[0040] FIG. 27 is a top view of the skin opening of FIG. 25
with a first skin side being captured by the fastening device of
FIG. 4 in a first retention position.

[0041] FIG. 28 is a top view of the skin opening of FIG. 25
with a second skin side being captured by the fastening device
of FIG. 4.

[0042] FIG. 29 is a top view of the skin opening of FIG. 25
with a second skin side being captured by the fastening device
of FIG. 4 in a second retention position.

[0043] FIG. 30 is a top view of the skin opening of FIG. 25
following placement of the fastener of FIG. 13 in first and
second tissue sides by the fastening device of FIG. 4 and with
the fastening device of FIG. 4 being repositioned within the
skin opening in a ready orientation.

[0044] While the invention is amenable to various modifi-
cations and alternative forms, specifics thereof have been
shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the
intention is not to limit the invention to the particular embodi-
ments as described. On the contrary, the intention is to cover
all modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION OF THE DRAWINGS

[0045] In FIGS. 1-3 there is shown a depiction of a typical
opening 50 in the surface of skin 52, such as may be made, for
example, by a surgical incision or a wound. As illustrated in
FIG. 1, for purposes of describing the present invention,
opening 50 may be described as having a length or longitu-
dinal orientation parallel to the y-y axis, a width orientation
parallel to the x-x axis, and a depth orientation parallel to the
z-7 axis. The x-y-z axis for purposes of the present invention
is defined with respect to an external tissue surface, which in
the case of skin 52 is the outer surface. References to a vertical
and horizontal planar orientation in connection with the
present invention are made with respect to the external tissue
surface at the site of the opening in question. The vertical
inner surfaces 60 formed by each side of the opening 50 can
be visualized as meeting along a generally vertical interface
51. It will be understood that in the case of an opening that
extends over a curved tissue surface, the corresponding hori-
zontal and vertical surfaces associated with the opening will
be defined with respect to such curved tissue surface. It also
will be understood that the vertical interface 51 may be ver-
tical in only one orientation with respect to the tissue surface,
such as in the case when an angled incision has formed the
opening 50. Opening 50 can be under high tension based on
its size or location on the body. For example, opening 50 can
include laparoscopic skin ports or be the result of tissue
excision or irregular incisions/lacerations.

[0046] Asis bestillustrated in the sectional views of FIGS.
2 and 3, human skin 52 generally has three discrete layers.
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These layers comprise an epidermal layer 54 of mostly non-
living tissue having an exterior surface 55, a dermal layer 56
of mostly living tissue, and a subcutaneous tissue layer 58.
Although the preferred embodiment of the present invention
will be described with respect to human skin tissue 52, it will
be understood that the present invention is applicable to clo-
sure of openings in other types of tissue having generally
defined surfaces, such as fascia, membranes organs, vessels,
vasculature, vascular pedicles, skin grafts, bladder and other
biocompatible materials with generally defined surfaces such
as artificial skin, artificial membranes and synthetic mesh.

[0047] Ithaslongbeenknown thatthe mostrapid healing of
a skin opening with a minimum of scarring occurs when the
inner surfaces 60 of the living dermal layer 56 at each side of
the vertical interface 51 of skin opening 50 are brought
together and held in close contact in what is referred to as an
everted position as is shown in exaggerated fashion in FIG. 3.
To the extent that the primarily non-living material of epider-
mal layer 54 can be excluded from the healing opening, the
rapidity and level of scar tissue formed during the healing
process will be improved.

[0048] Referring now to FIGS. 4-5, a representative
embodiment of a skin fastening device 100 for grasping and
fastening skin tissue is illustrated. Generally, skin fastening
device 100 and it various component parts as will be further
described can be constructed of materials suitable foruseina
surgical environment including metals such as, stainless steel
or various polymers.

[0049] Generally, skin fastening device 100 comprises a
device body 102 having an actuation end 103 and a fastening
end 104. Device body 102 can comprise an upper housing
member 106 and a lower housing member 108 that coopera-
tively define an upper body surface 110, a lower body surface
112 and pair of side surfaces 114a, 1145.

[0050] Referring to FIGS. 4 and 6, upper housing member
106 generally defines the upper body surface 110, a down-
ward facing surface 116, upper gripping members 118a, 1185
and a head portion 120. Upper housing member can further
comprise a pair of arm actuation windows 120a, 12056 and a
penetrator window 122, wherein all of these windows extend
between the upper body surface 110 and downward facing
surface 116. Downward facing surface 116 generally includes
aplurality of female connector members 124, a pair of mount-
ing projections 1264, 1265 and a pair of parallel guide walls
128a, 1284.

[0051] AsseeninFIGS. 7 and 8, head portion 120 generally
extends from the fastening end 104. Head portion 120
includes a proximal portion 130 and a distal portion 132. A
pair of opposed retention zones, first retention zone 134 and
second retention zone 136 are positioned on opposed sides of
ahead body 138. Both the first retention zone 134 and second
retention zone 136 are defined by a respective retention sur-
face 140, 142 that are separated by a retention distance 144.

[0052] Referring to FIGS. 5,9 and 10, lower housing mem-
ber 108 generally defines the lower body surface 112, an
upward facing surface 150 and lower gripping members
152a, 152b. Lower housing member 108 includes a fastener
stack aperture 154 extending between the lower body surface
112 and upward facing surface 150 that is defined by a pair of
fastener stack side walls 156a, 1565 and a fastener stack end
wall 158. Upward facing surface 150 further comprises a
plurality of male connector members 160 and a pair of mount-
ing member 162a, 1624.
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[0053] Referring now to FIG. 11, skin fastening device 100
further comprises an actuator assembly 170. Actuator assem-
bly 170 generally includes an actuator body 172 having a
grasping end 174, an actuation end 176, and upper actuator
surface 178 and a lower actuator surface 180. The grasping
end 174 can include a gripping feature 179 such as, for
example, a handle portion 181. The actuation end 176 can
comprise a first angled actuation surface 182, a second angled
actuation surface 183 and an actuation projection 184. Actua-
tor assembly can further comprise a pair of actuator projec-
tions 186a, 1865 and a plurality of actuator walls 188 on the
lower actuator surface 180. The plurality of actuator walls
188 defines a pair of actuator channels 189a, 1894.

[0054] As seen in FIG. 12, skin fastening device 100 can
further comprise a sequential retention assembly 190.
Sequential retention assembly 190 generally comprises first
and second approximation arms 192a, 192ba that are essen-
tially mirror images of one another. Each of the first and
second approximation arms 192a, 1925 include an arm body
194 defined by an exterior wall 196, an interior engagement
wall 198 and a retention wall 200. Exterior wall 196 and
retention wall 200 are coupled at a grasping wall 202. Each
grasping wall 202 can comprise one or more jaws or teeth
204. Each arm body 194 has a generally flat profile and
includes an arm mounting aperture 206. In some embodi-
ments, exterior wall 196 and interior engagement wall 198
can define a rounded engagement portion 208. In some
embodiments, rounded engagement portion 208 can further
include arotatable engagement member 210. First and second
approximation arms 192a, 19256 can be fabricated of a rigid,
nonflexible material to as to promote consistent retention of
skin tissue with respect to head portion 120 of the skin fas-
tening device 100. In some embodiments, the first and second
approximation arms 192a, 1925 can be fabricated from a
medically compatible metal or metal alloy. In constructing
the first and second approximation arms 192a, 1925 of a
suitable rigid, nonflexible material, a profile of the first and
second approximation arms 192a, 1925 can be reduced so as
to enhance visibility of the fastening end 104 of the skin
fastening device 100 during use in wound closure.

[0055] Referring again to FIG. 11, skin fastening device
100 can further include a penetrator assembly 220 Generally
penetrator assembly 220 can comprise a slidable body 222
having a driving end 224, a top surface 223, a bottom surface
225 and a fastening end 226. Proximate the driving end 224,
the slidable body 222 can comprise a connection aperture 228
extending between the top surface 223 and the bottom surface
225. At the fastening end 226, the slidable body can comprise
a pair of penetrator members 229a, 2295 that are operably
connected via an arcuate rear wall 230. Proximate the fasten-
ing end 226, the slidable body 222 can comprise one or more
fastener windows 232 that extend through the slidable body
222.

[0056] Referring to FIG. 13, skin fastening device 100 gen-
erally includes one or more bioabsorbable fasteners or staples
240 such as, for example, those illustrated and described in
U.S. Pat. Nos. 7,112,214 and 8,066,736, both of which are
commercially available from the assignee of the present
application, Incisive Surgical of Plymouth, Minn. Fastener
240 generally comprises a fastener body 242 having a pair of
staple arms 244a, 2445 that are connected with an arcuate
backspan 246. Each staple arm 244a, 2445 can have a
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rounded tip 248a, 248b, from which a hook portion 250a,
2505 can project inwardly so as to define a fastener capture
area 252.

[0057] Assembly of skin fastening device 100 is described
with specific reference to FIGS. 14, 15 and 16. Generally, the
upper housing member 106 is positioned in an upside down
position with the upper body surface 110 facing downward or
being set on an assembly surface. Next, the actuator body 172
is placed on the downward facing surface 116 such that the
upper actuator surface 178 is proximate the downward facing
surface 116 and the actuator body 172 resides between the
female connector members 124 as shown in FIG. 14. Next the
penetrator assembly 220 can be positioned on the upper hous-
ing member 106 such that the top surface 223 is proximate the
downward facing surface 116. The slidable body 222 is posi-
tioned such that the fastening end 226 resides within the guide
walls 128a, 1286 and the connection aperture 228 resides
over the actuation projection 184 such that the penetrator
assembly 220 is operably coupled to the actuator assembly
170. Next, the first and second approximation arms 192aq,
1924 of the sequential retention assembly 190 are positioned
proximate the downward facing surface 116 such that each
arm mounting aperture 206 is positioned over its correspond-
ing mounting projection 126a, 126 such the first and second
approximation arms 192a, 1925 are rotatably coupled to the
upper housing member 106. With the first and second
approximation arms 192a, 1926 rotatably coupled to the
upper housing member 106, the rotatable engagement mem-
ber 210 on the first approximation arm 192q is positioned
against the first angled actuation surface 180 and the grasping
walls 202 are positioned on their respective sides of the head
portion 120 and consequently, their respective first and sec-
ond retention zones 134, 136. Next, an actuation spring 260 is
positioned within each of the actuation channels 189a, 1895
with one end of the actuation spring 260 coupled to the
corresponding actuator projection 186a, 1865 as shown in
FIG. 15. Next, the lower housing member 108 is oriented such
that the upward facing surface 150 is facing the downward
facing surface 116 and the lower gripping members 152a,
1524 are aligned with their corresponding upper gripping
member 118a, 1185. The lower housing member 108 is
brought into contact with the upper housing member 108 such
that the male connector members 160 are inserted into the
corresponding female connector members 124 whereby the
upper and lower housing members 106, 108 are joined to form
the device body 102 with the actuator assembly 170, sequen-
tial retention assembly 190 and penetrator assembly 220
operably linked within the device body 102. Finally, the fas-
teners 240, typically as a fastener stack 270 comprising a
plurality of fasteners 240, are inserted into the fastener stack
aperture 154 followed by a fastener spring or tension rod 272
for biasing the fastener stack 270 within the fastener stack
aperture 154. At this point, skin fastening device 100 is ready
for use by a medical professional.

[0058] Operation of skin fastening device 100 is shown in
FIGS. 17-24 in which the lower housing member 108 is
removed for ease of illustration and retention of skin tissue is
not shown for purposes of clarity. Skin retention during
operation of fastening device 100 is illustrated within FIGS.
25-30. In use, the skin fastening device 100 in a ready orien-
tation 400 as seen in FIG. 17 is oriented such that the head
body 138 can be positioned within skin opening 50 and the
first retention zone 134 can be placed against the inner surface
60 of a first side 300 of skin opening 50 as shown in FIG. 25.
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The user begins pressing down on the handle portion 178 such
that the actuator body 172 begins advancing into the device
body 102. As the actuator body 172 slides into the device
body 102, the slidable body 222 is directed toward the head
portion 102. At the same time, the rotatable engagement
member 210 on the first approximation arm 1924 comes into
contact with the first angled actuation surface 180 as illus-
trated in FIG. 18. As the advancement of the actuator body
172 continues, the rotatable engagement member 210 moves
along the first angled actuation surface 180 such that the first
approximation arm 192a is cause to rotate around mounting
projection 1264, thereby resulting in grasping wall 202 and
teeth 204 approaching and grasping an exterior surface 302 of
the first side 300 of skin opening 50 as shown in FIG. 26. As
illustrate in FIG. 26, a medical professional can utilize an
instrument such as, for example, a forceps 401 to assist with
positioning first side 300 relative to the head body 138. As the
first approximation arm 192a, continues its rotation, the
grasping wall 202 and teeth 204 position and force the inner
surface 60 of the first side 300 into the first retention zone 134
such that the first side 300 is positioned and retained against
the head portion 120 with the fastening device 100 in a first
retention position 402 as shown in FIGS. 19 and 27.

[0059] With the first side 300 retained and positioned with
respect to the head portion 120, the head body 138 is reposi-
tioned such that second retention zone 136 is placed against
the inner surface 60 of a second side 303 of skin opening 50
as shown in FIG. 28. Once again, the medical professional can
utilize forceps 401 to assist in positioning second side 303
relative to the head body 138. The user again presses down on
handle portion 178 such that the actuator body 172 is
advanced further into the device body 102. The rotatable
engagement member 210 on the second approximation arm
19256 comes into contact with the second angled actuation
surface 182, thereby causing the second approximation arm
1925 to rotate around the mounting projection 1265 as shown
in FIG. 20. As the second approximation arm 1924 rotates, the
grasping wall 202 and teeth 204 position and force the inner
surface 60 of the second side 303 into the second retention
zone 136. Second side 303 is positioned and retained against
the head portion 120 in a second retention position 404 as
shown in FIGS. 21 and 29.

[0060] As the first and second approximation arms 192a,
1924 are caused to rotate in response to contact with the
actuator body 172, the interaction of the connection aperture
228 with the actuation projection 184 causes the penetrator
assembly 220 to be directed toward the head portion 120 as
shown in FIG. 22. As the penetrator assembly 220 advances
forward, a bottommost fastener 240 of the fastener stack 270
is collected between the penetrators 228a, 2285 and the arcu-
ate rear wall 230 as shown in FIG. 23. Continued pressing of
the handle portion 178 causes the penetrator assembly 220,
now carrying the fastener 240, toward the head portion 120.
Penetrators 228a, 228b are advanced into and through the
dermal layer 56 of the first and second sides 300, 302 that are
positioned within first retention zone 134 and second reten-
tion zone 136 respectively. As the penetrators 228a, 2285 are
driven through the dermal layer 56, the corresponding staple
arms 244a, 244b are carried through the pierced openings
created by the penetrators 2284, 2285 when the skin fastening
device 100 is in a fastener placement disposition 406 as
shown in FIG. 24.

[0061] Finally, handle portion 178 is retracted or otherwise
withdrawn from the device body 102 whereby the interaction
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of the penetrator assembly 220 with the actuator body 172
causes the penetrators 228a, 2285 to be withdrawn back into
the device body 102. As the penetrators 228a, 2285 are pulled
back through the pierced opening in the dermal tissue of first
side 300 and second side 302, the first and second sides 300
and 302 are captured within the hook portions 250qa, 25056 of
fastener 240 and fastener 240 remains in position within the
opening 50 as the penetrators 228a, 2285 withdraw into
device body 102. Further withdrawal of the handle portion
178 allows the first and second approximation arms 192a,
1925 to sequentially rotate into their open positions as the
actuator body 172 disengages from the rotatable engagement
members 210 such that the device body reassumes the ready
orientation 400 prior to deployment of the next fastener 240
as shown in FIG. 30. This process can be repeated along the
length of skin opening 50 to deploy multiple fasteners 240.
[0062] The sequential operation of the first and second
approximation arms 192a, 1925 provide an advantage over
the prior art in that the tissue retention process is easily
accomplished by a single person as the user need only focus
on positioning one tissue side at a time. Furthermore, the
sequential operation of the first and second approximation
arms is especially beneficial in closing small tissue openings
in which positioning of the head portion 120 with respect to
first and second side 302 can be difficult. Finally, the nature of
the skin fastening device 100 allows for the placement of
fasteners 240 in a range of orientations including parallel,
oblique, and perpendicular with respect an exterior skin sur-
face at the skin opening 50. In addition, the reduced profile of
the head portion 120 and tissue approximation arms 192a,
1925 enhance an overhead view of the skin fastening device
100 during wound closure. Finally, the skin fastening device
100 can be utilized in conjunction with one or more wound
closure techniques for example, traditional metallic staplers
or the INSORB® Skin Closure System, to close a full length
of a skin wound wherein the reduced profile of the skin
fastening device 100 allows for use at end regions of a longer
wound that would be otherwise difficult to close with con-
ventional techniques. For instance, the skin fastening device
of the present invention can be utilized to deliver fasteners
into end portions that are less than 2 cm in length. In addition,
the skin fastening device of the present invention can be
manipulated so as to delivery fasteners in parallel, perpen-
dicular or oblique orientations relative to an exterior surface
of skin.

[0063] Although specific examples have been illustrated
and described herein, it will be appreciated by those of ordi-
nary skill in the art that the present application is intended to
cover adaptations or variations thereof of the presently dis-
closed invention. Therefore, it will be understood that the
scope of the present invention is defined by the attached
claims and their legal equivalents.

1. A method for securing skin tissue with a fastener, com-
prising:

placing a head portion of a fastening device within a skin
wound;

positioning a first side of skin tissue between a first
approximation arm and the head portion;

retaining the first side of skin tissue between the first
approximation arm and the head portion;

positioning the second side of skin tissue between a second
approximation arm and the head portion while the first
side of skin tissue remains retained;
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retaining the second side of skin tissue between the second

approximation arm and the head portion;

delivering a fastener into the retained first and second sides

of skin tissue.

2. The method of claim 1, wherein the skin wound has a
wound length less than about 2 cm.

3. The method of claim 1, wherein positioning the first side
of skin tissue, further comprises:

grasping the first side of skin tissue with a forceps; and

placing the first side of skin tissue in close proximity to the

head portion.

4. The method of claim 3, further comprising:

grasping the second side of skin tissue with the forceps,

while the first side of skin tissue remains retained;
placing the second side of skin tissue in close proximity to
the head portion.

5. The method of claim 1, wherein delivering the fastener
into the retained first and second sides of skin tissue, further
comprises:

inserting a staple arm into each of the first and second sides

of skin tissue such that a backspan resides across a
vertical interface defined along a length of the skin
wound between the first and second sides of skin tissue.

6. The method of claim 1, wherein retaining the first side of
skin tissue between the first approximation arm and the head
portion, further comprises:

advancing an actuator body on the fastening device such

that the actuator body contacts the first approximation
arm such that the first approximation arm rotatably posi-
tions the first side of skin tissue against the head portion.

7. The method of claim 6, wherein retaining the second side
of'skin tissue between the second approximation arm and the
head portion, further comprises:

advancing the actuator body such that the actuator body

contacts the second approximation arm such that the
second approximation arm rotatably positions the sec-
ond side of skin tissue against the head portion.

8. The method of claim 7, wherein delivering the fastener
into the retained first and second sides of skin tissue, further
comprises:

advancing the actuator body such that the actuator body

directs a penetrator into each of the retained first and
second sides of skin tissue, whereby a pierced opening is
formed in each of the retained first and second sides of
skin tissue; and

deploying the fastener by carrying a staple arm through

each of the pierced openings in the first and second sides
of skin tissue.

9. The method of claim 1, wherein the fastening device
resides at a parallel, oblique or perpendicular orientation with
respect to the skin wound.
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10. The method of claim 1, wherein the skin wound is
selected from the group consisting essentially of: a linear
incision, a skin port, a tissue excision and an irregular lacera-
tion.

11. A skin fastening device performing the method of claim
1.

12. A skin fastening device, comprising:

a device body having a head portion and a pair of first and
second approximation arms, wherein the first and sec-
ond approximation arms reside on opposed sides of the
head portion, the device body further including an actua-
tor body wherein manipulation of the actuator body
results in a first stage of operation where the first
approximation arm is manipulated into proximity with
the head portion to define a first retention position,
wherein further manipulation of the actuator body
results in a second stage of operation where the second
approximation arm is manipulated into proximity with
the head portion to define a second retention position
while the first approximation arm remains in the first
retention position; and

at least one fastener that is advanced toward the head por-
tion when the actuator body is manipulated to a third
stage of operation.

13. The skin fastening device of claim 12, wherein the first
and second approximation arms are rotatably coupled to the
device body.

14. The skin fastening device of claim 13, wherein the first
approximation arm and the second approximation arm are
rotatably manipulated into the corresponding first and second
retention positions.

15. The skin fastening device of claim 14, wherein the
actuator body and the first and second approximation arms
are manipulated along a shared plane defined by the device
body.

16. The skin fastening device of claim 12, further compris-
ing:

a penetrator assembly that is slidably advanced toward the
head position when the actuator body is manipulated to
the third stage of operation, and wherein the at least one
fastener is carried by the penetrator assembly.

17. The skin fastening device of claim 12, wherein the
actuator body comprises a first actuation surface and a second
actuation surface such that the first stage of operation com-
mences when the first actuation surface engages the first
approximation arm and the second stage of operation com-
mences when the second actuation surface engages the sec-
ond approximation arm.

18. The skin fastening device of claim 17, wherein each of
the first and second approximation arms includes a rotatable
engagement member, and wherein the rotatable engagement
member engages the corresponding first or second actuation
surface.



