
-1-      2975411 Surgical Stapling Apparatus Having Independent Staple Feed
and Ejection Capabilities 5             The present invention relates to
surgical stapling mechanisms, in general, and to a surgical stapling
mechanism having independent staple feed and ejection capabilities for use
in a cartridge or instrument magazine, in particular. 10 Recently, surgical
staple-carrying cartridges of the type used in conjunction with a permanent
instrument and of the type incorporated into a disposable instrument have
been designed 15   which eliminate the requirement for the complex gearing
once needed in the powering of a surgical stapling instrument. With these
cartridges, the output shaft or thrust bar of the powering instru- ment
need only have rectilinear thrust capabilities. 20   The staples are
advanced by means designed into the cartridges themselves. In U.S. Patent
No. 3,618,842, the advancing pusher, integral with the cartridge, rotates a
pair of staple-driving screws by means of cams formed in the rear portion
of the screws'.  In 25   U.S. Patent No. 3,638,847, the staples are driven
forward by the interaction of pairs of opposing rachet teeth integral with
the cartridge. More recently, in UK Patent No. 1,346,203, the
staple-carrying cartridge includes a flexible belt    -2- movably housed in
the cartridge body.  Staples are guided and advanced by association with
spaced teeth on the flexible belt.  The cartridge is equipped with an anvil
integral with the cartridge body and a pusher 5  which advances the staples
and singly forms the same. 



Further improvements and modifications to the belt cartridge are disclosed
in UK Patent No. 1,373,227. These prior cartridges are adapted to house
staples which have a U-configuration prior to being formed 10   around the
anvil. The pusher and associated anvil are then adapted to form the staples
into a rectangu- lar configuration in which the points of the staples abut,
or very nearly so. Notwithstanding the many advances in the 15   surgical
stapling art, referred to above, there remain areas where improvement and
redesign are desirable. It is toward the advancement of the prior art
described immediately above that the present invention is directed. 20 The
present invention relates to surgical staple feed and ejection apparatus
fabricated as a disposable staple-carrying cartridge or magazine
particularly suited for joining skin or fascia and 25   adapted to be
mounted on or formed as part of an instrument having rectilinear thrust
capabilities. See U.S. Patent No. 4,204,623, for an example of a disposable
staple-carrying cartridge used with a permanent instru- 30   ment and
examples of a disposable instrument including staple-carrying cartridge
capabilities. Thus, it can be seen that the term "cartridge" as used herein
is meant to include both a separate structure adapted to    -3- be mounted
on an instrument and a structure formed as an integral part of an
instrument. According to the invention there is provided a surgical
stapling apparatus adapted for use with a skin- 5  stapling instrument in
applying surgical staples to 



disunited skin or fascia, each staple including a pair of spaced-apart,
parallel legs, joined by a crown, said apparatus comprising: staple-storing
means adapted for storing said staples in a sequentiall array, one next 10
to the other, each of said staples being oriented in said staple-storing
means in a position of storage; an exit aperture through which staples are
discharged in use of the apparatus;  a delivery channel providing a passage
for said staples to said exit aperture, each of said staples 15 being
oriented in a position of use when in said delivery channel;  spring means
acting on the last staple in said array for constantly urging the staples
as a total charge in a predetermined direction; and a longitudinally curved
connecting channel providing a passage capable of 20 simultaneously
receiving a plurality of said staples for conducting them from said
staple-storing means to said delivery channel, said connecting channel
being configured and positioned relative to said staple-storing means and
said delivery channel for causing the staples of said 25 array during
passage through the connecting channel to be reoriented by engagement by
succeeding staples from said position of storage towards said position of
use, the legs of each staple, when in said position of storage, defining a
plane which is not parallel to a plane defined 30 by said same staple when
in said position of use, an included angle of approximately 60 being
provided between the staple-storing means and the connecting passage and
the arrangement being such that in use of the apparatus each of the
successive surgical staples before reaching the    delivery channel has
imparted to it a rotation about the axis defined by the crown portion of
the staple, in cooperation with the spring load applied by the spring means
and with the next following staple whereby the 5 legs and the crown
portions of the surgical staples lie 



in a common plane in the delivery channel ready for application. The
cartridge basically operates in the following manner. The staples, under
the urging of the 10  spring arrangement, move as a total charge or array
along the storage track and through the connecting channel so that the
forwardmost staple of the total charge is presented to the delivery
channel.  The portion of the connecting channel in the area of the delivery
channel 15 forms an acute angle with the storage track so that the angle
measured between the plane defined by the connecting channel and the plane
defined by the crowns of the surgical staples, when they are on the storage
track, is approximately 60[err]. The forwardmost staple of the 20 total
charge is reoriented from its storage position in the staple-housing
portion to its position of intended use as it is presented to'the delivery
channel. With the forwardmost staple positioned within the delivery
channel, the pusher is activated through a 25  force supplied by the
skin-stapling instrument to move the pusher toward the forward end of the
cartridge. As it moves, the pusher urges the forwardmost staple through the
delivery channel and out of the exit aperture. The forwardmost staple is
then presented to the anvil, and, 30 through the continued forward movement
of    -5- the pusher, is then formed about the anvil.  The surg- ical
stapling act is accomplished while the staple is being formed about the
anvil. The skin-stapling instrument, after the 5   stapling operation,
returns the pusher to its retracted position, thus, permitting the next
forwardmost staple to be positioned within the delivery channel.  In this
way, the cartridge is ready for another stapling 



operation. 10             An embodiment of the staple-feeding apparatus for
use with wide fascia staples is also disclosed.  This embodiment operates
in the same manner as the two previously described embodiments, but
contains different storage track and connection 15   channel structures to
accommodate the fascia staples. In addition, this embodiment contains a
unique staple- retaining spring to prevent premature ejection of a staple.
It is to be understood that the staple- retaining spring may also be used
with the other 20   embodiments of the present invention. From the above,
the simplicity of the inventive stapling apparatus should be evident.  The
staples are simply and effectively housed, advanced, discharged, and formed
with a minimum number of moving 25   parts.  At the same time, the
apparatus operation is both reliable and efficient.    -6- The present
invention, as well as many of the attendant advantages-thereof, will become
more readily apparent when reference is made to the following description
taken in conjunction with the accompanying 5  drawings, in which: Figure 1
is a side plan view of a cartridge which does not embody the present
invention but which is shown in association with a surgical stapling
instrument shown in phantom in order to simplify 10 understanding of the
invention as shown in certain later Figures. Figure 2 is a front-end plan
view of the cartridge of Figure 1. Figure 3 is an exploded perspective of
the 15  cartridge of Figure 1 with the compression spring and 



surgical staples removed.    Figure 4 is a longitudinal section of the
front portion of the Figure 1 cartridge with the ejec- tor spring removed
and with the pusher bar fully advanced. 5             Figure 5 is a top
plan view of the front portion of the Figure 1 cartridge. Figure 6 is a
transverse section taken along lines 6-6 of Figure 5. Figure 7 is a section
taken along lines 7-7 10   of Figure 5 and shows the pusher bar almost
fully retracted. Figure 8 is a top plan view of the front half of the
cartridge of Figure 1 with the cover partially shown in phantom. 15
Figure 9 is a top plan view of the cartridge of Figure 8 with the cartridge
cover and the staple- storing cover removed. Figure 10 is a longitudinal
section of the front portion of the Figure 1 cartridge with the ejec- 20
tor spring removed and with the pusher bar beginning to advance. Figures 11
through 14 are schematic illustrations of the front portion of the
cartridge of Figure 1 and are used in explaining the operation 25   of the
cartridge. Figures 15 through 19 are schematic illustrations to show how a
staple is formed when securing disunited skin. Figure 20 is an exploded
perspective of a 30   cartridge embodying the subject invention with the
compression springs and surgical staples removed. Figure 21 is a
longitudinal section of the front portion of the cartridge of Figure 20
with the 



addition of a staple-retaining spring structure and 35   with the pusher
bar beginning to advance.    Figure 22 is a broken top plan view of the
cartridge of Figure 20 with the cover partially shown in phantom. Figure 23
is a broken top plan view, 5  partially in section, of the cartridge of
Figure 20 with the cover removed. Figure 24 is a section taken along lines
24-24 of Figure 23. Figure 25 illustrates examples of surgical 10   skin
staples and a wide fascia staple for use in the present invention. Figure
26 is a partially cut-away plan view of two touching staples used to
explain the operation of the subject invention. 15             Figure 27 is
an enlarged view of the front portion of the cartridge shown in Figure 21
with the pusher advancing the staple out of the cartridge. Figure 28 is a
longitudinal section similar to that of Figure 21 with the pusher advancing
the 20   staple through the delivery channel. Figure 29 is a
partial-schematic, longi- tudinal section of the front portion of the
Figure 20 cartridge to show the operation of the ejector springs and the
staple-retaining structure. 25             Figure 30 is a top plan view of
the front half of the cartridge of Figure 22 with a staple shown in
phantom. Figure 31 is an exploded perspective of a wide-fascia staple
cartridge embodying the subject 30   invention with the cover and
wide-fascia staples removed. Figure 32 is a side plan view of the 



cartridge of Figure 31 in association with a surgical stapling instrument
shown in phantom.    -9- Figure 33 is a front end plan view of the
cartridge of Figure 31. Figure 34 is a section taken along lines 34-34 of
Figure 32. 5           Figure 35 is a longitudinal section of the front
portion of the cartridge of Figure 31 with a portion of the cover removed
and with the pusher bar fully advanced. Figure 36 is a partial longitudinal
section of the front portion of the cartridge of Figure 31 with an 10
alternative staple-retaining structure. Figure 37 is a perspective view of
the staple- retaining structure of Figure 36 in cooperation with the
pusher. With reference to Figures 1 through 19, a staple 15  cartridge
which does not embody all the features required by the invention is
generally designated as 10.  The cartridge basically comprises a main body
12 having a rearward end 14 associating with a skin-stapling instrument 16
(a portion of which is shown in phantom) 20  and a forward end 18 for the
expulsion and formation of surgical staples. The cartridge may be
associated with a permanent skin-stapling instrument, for example, those
disclosed in the previously discussed prior patents, or a disposable
instrument such as that disclosed in the 25  aforementioned U.S. Patent No.
4,204,623.  Defined within the main body 12 is a staple-housing or staple-
storing portion 20 which is adapted to store a plurality of surgical
staples 30 in a linear array 38, one next to the other. The staple-storing
portion 20 contains a   



-10- storage or guide track 32 for orienting the surgical staples so that
the crowns or crossbars 34 (Figure 4) of the staples lie substantially in
the same plane. A spring arrangement 36, contained within the main 5  body
12, constantly urges the total charge of staples in a predetermined
direction toward the forward end 18 of the cartridge.  An exit aperture 37
provides a means by which the surgical staples may exit from the main body
portion.  Associated with the exit aperture 10   37 is an anvil 40 that is
used to form the staples as they exit, one at a time, from the cartridge. A
delivery channel 42 contained in the main body 12 provides a passageway
through which the staples move, one at a time, on their way toward the 15
anvil.                             The delivery channel defines a plane
spaced from and substantially parallel to a plane defined by the crowns 34
of the staples 30, as they are stored in the staple-housing portion 20. A
connecting channel 44 between the stor- 20   age track 32 and the delivery
channel 42 provides an unobstructed path from the staple-housing portion 20
to the delivery channel for the passage of the surgi- cal staples 30.
Mounted within the main body for rectilinear 25   movement is a pusher 50
which responds to a force supplied by the thrust bar 52 (a portion of which
is shown-in phantom) of the skin-stapling instrument 16 to advance a staple
through the delivery channel 42 and out of the exit aperture 37 for
formation about 30   the anvil 40. With particular reference to Figures 4
and 7, the stapling apparatus basically operates in the following manner.
The staples, under the urging of the spring arrangement 36, move as an
array 38 along 35   the storage track 32 and as a total charge through 



the connecting channel 44 so that the forwardmost staple 30a is presented
to the delivery channel 42. The connect- ing channel  4 defines a plane
which is substantially 5   normal to both the plane defined by the staple
crowns 34, when positioned on the storage track 32 in the staple-housing
portion, and the plane defined by the delivery channel 42.  Under the
urging of the spring arrangement 36, the forwardmost staple 30a of the 10
array 38 is reoriented from its storage position (see, for example, staple
30h) in the staple-housing portion to its position of intended use as it is
presented to the delivery channel 42. With the forwardmost staple
positioned 15   within the delivery channel, the pusher 50 is acti- vated
by a driving force supplied by the thrust bar. 52 of the skin-stapling
instrument 16 to move the pusher toward the forward end 18 of the cartridge
(Figure 10).  As it moves, the pusher 50 guides the 20   forwardmost staple
30a through the delivery channel and out of the exit aperture 37.  The
forwardmost staple is then presented to the anvil 40, and, through the
continued forward movement of the pusher, is then formed about the anvil.
25             The skin-stapling instrument 16, after completion of a
stapling operation, returns the pusher to its retracted position (Figure
7), thus, permitting the next forwardmost staple 30b to be positioned
within the delivery channel.  With reference to Figure 4, note 30   that
the topmost staple 30a in connecting channel 44 is biased against pusher 50
by spring system 36 and the intervening staple crowns 34.  Thus, during the
return stroke of pusher 50, friction between the pusher and staple crown
34a will cause staple 30a to be rotated 



35   to bring the legs to their uppermost position where    .- 12- they lie
parallel to delivery channel 42.  Thus, when pusher 50 moves sufficiently
to allow staple 30a to move upward into delivery channel 42, the legs of
staple 30a will lie in the plane of delivery channel 5   42.  In this way,
the cartridge is ready for another stapling operation. Although the
rotation of staple 30a by pusher 50 is desirable, it is not critical to
proper operation. With reference to Figures 1-19, the details 10   of the
structural elements constituting the cartridge will now be described. As
best shown in Figure 3, the main body 12 of the cartridge 10 basically
comprises an elongated body member 51, typically made of a suitable plastic
such 15   as a polycarbonate or a polystyrene, and an elongated cover 53
typically made from a suitable metal such as stainless steel.  The body
member 51 defines two longi- tudinally extending sidewalls 54 and 55, each
of which contains three spaced cutouts 58 which define ledge 20   portions
62.  The cover, viewed in cross section, is generally U-shaped and includes
a pair of longitudi- nally extending wall members 64 and 65.  Each of the
wall members contains three cutouts 68 which define fingers 70. In an
assembled condition, the fingers 25   70 mate with the corresponding
cutouts 58 in the side walls 54, 55 of the cartridge 10 so that the fingers
press up against the ledges 62 and, thereby, secure the cover to the body
member. In addition, each side wall 54, 55 of the body member 51 contains
30   a wing portion 72 near the rear of the cartridge which mates with a
corresponding cutout 74 in the sidewalls 64, 65 of the cover to further
ensure proper mating of 



the cover and body members. Defined within the body member 51 is the 35
longitudinally extending staple-storing portion 20.    -13- As best seen in
Figure 6, the staple-storing portion includes a storage track 76 defined by
a top channel portion 78 integral with a pair of spaced apart side channels
portions 82 and 84. The storage track 76, 5   formed in part by the storage
track cover 107, is dimensioned so that the staples may be received therein
with the crown 34 of each staple 30 being in the top channel portion 78 and
a leg 86, 88 of each staple being in one of the side channels portions 82,
10  84.  The total charge of staples is stored within the storage track in
a linear array, one next to the other. The top channel portion 78 is
configured so that the crowns or.crossbars 34 of the staples lie substan-
tially in the same plane.  Suitable surgical staples 15   are illustrated
in Figure 25.  In one embodiment 30, the crossbar 34 is substantially
straight.  However, the crossbar could also bend slightly outward as in
staple 30' or slightly inward as in staple 30". With reference to Figures 3
and 9, defined 20   within the body member is a longitudinally extending
bore 92 which is spaced between and substantially parallelto the side
channel portions 82, 84 of the storage track 76. The bore terminates near
the rear- ward portion of the body member in a transverse wall 25   94.
Positioned within the bore is a helical compres- sion spring 96.  One end
of the compression spring abuts up against the transverse wall 94,. and the
other end of the compression spring constantly urges a guide member 98
against the rearwardmost staple 30m of the 30 total charge or array 38. 



With reference to Figures 3-6, and 9, the guide member 98 rides in the
storage track 32 and. includes a staple-touching portion 102 which, when
viewed in cross section, closely resembles the outline 35   of a staple.
The guide member also includes a spring-    -14- touching portion 104 which
receives the expansion force of the compression spring 96.  With this
arrangement, the guide member 98, under the urging of the spring 96,
applies a force to the rearwardmost staple 30m which 5   in turn transfers
the force to the next staple 30k, and so on, to cause the entire array of
staples to move as shown by arrow 106 in a predetermined direc- tion toward
the forward end 18 of the cartridge 10. As best illustrated in Figures 3-5,
the top 10   portion of the body member 51, with storage track cover 107 in
place,  defines a planar surface 108 which is spaced from and substantially
parallel to the storage track 32. The top surface 108 extends throughout
the entire length of the cartridge 10 and, with the inte- 15   rior surface
110 of the cover 53, defines the delivery channel 42 and a congruent pusher
channel 112. The cover 53 contains a first raised area 114, the inte- rior
surface of which contributes in defining the delivery channel 42 and a
second raised area 119, 20   the interior surface of which contributes in
defining the pusher channel 112. Raised areas 115 defines space 117 which
is occupied by ejector spring 164. Shoulders 165 in cover 53 guides staple
30 in known manner as the staple emerges from the exit aperture 37. The
delivery 25   channel 42 is configured to receive a single staple in an
orientation so that the crown 34 presents itself to the forward end 116 of
the pusher 50 with the legs 86, 88 of the staple 30 facing the forward end
18 of the 



cartridge (Figure 8). The exit aperture 37 is provided 30   at the
termination point of the delivery channel 42. Also formed on the cover 54
near the termination point of the delivery channel is the anvil 40. With
continued reference to Figures 3, 4 and 8, the pusher 50 is an elongated
substantially planar 35   member which has a bottom surface 121 which rides
along    -15- the top surface 108 of the body member 51 within the pusher
channel 112 and a top surface 122 which presses up against the interior
surface 110 of the cover 54 which defines the pusher channel.  Near the
rearward 5   end 124 of the pusher 50 is a driver-receiving portion 126,
which is adapted to receive the driving lug 61 of the thrust bar 52 of the
skin-stapling instrument.  A longitudinally extending rectangular cutout
128 in the rearward portion 130 of the cover 54 provides 10   access to the
driver portion 126, which engages the thrust bar of the skin-stapling
instrument when the cartridge 10 is positioned therein. The forwardmost
region 116 of the pusher element 50 is generally U-shaped, defining a pair
of 15   tines 132.  As best seen in Figures 3 and 8, the tines define
V-shaped grooves 134 as chamfered edges 135 to best guide the staples
during the staple-discharging operation, for reasons which are explained
below. With reference to Figures 11-19, the tines 132 of the 20   pusher
element 50 are spaced apart a distance designed to properly form the staple
30 around the anvil 40. More particularly, the distance between the tines
is nominally equal to the width of the anvil plus twice the diameter of the
staple wire. .25            Connecting with the termination point of the
storage track 32 is the connecting channel 44 which 



terminates at the delivery channel 42.  The connecting channel provides an
unobstructed path for staples to pass from the staple-storing portion 20 to
the delivery 30   channel 42.  The connecting channel 44 includes a
crown-guiding portion 142 through which the crowns 34 of the various
staples are guided during their passage to the delivery channel.  The
connecting channel also    -16- includes side passages 144, 146 which allow
free movement of the legs 86, 88 of the staples during their passage to the
delivery channel. As shown 5   in Figure 10, the dimensions of the
crown-guiding por- tion 142 are such that the staples are free to move as a
total charge therein.  The connecting channel 44 comprises a curved portion
148 wherein the staples are received as they exit the staple-storing
portion 20, 10   and a substantially straight portion 150 which leads to
the delivery channel 42.  As can be seen, the plane defined by the straight
portion 150 of the connecting channel 44 is substantially perpendicular to
the plane defined by the crowns 34 of the staples 30 when in the 15
staple-storing portion, and is substantially perpen- dicular to the plane
defined by the delivery channel 42.  In turn, the plane defined by the
crowns 34 of the staples 30 when in the staple-storing portion is
substantially parallel to the plane defined by the 20   delivery channel.
With reference to Figures 11-14, the operation of the stapling apparatus in
the cartridge will now be described.  Prior to the intitial stapling
operation, the pusher element 50 is located so that' 25   its forward end
116 is rearward of topmost staple 30a (Figure 10).   With the pusher in
this position, the 



cartridge is inserted into the skin-stapling instru- ment 16, in the case
of a disposable cartridge, at which time the driving lug 61 of the thrust
bar 52 30   engages the driver-receiving portion 126 of the pusher (Figure
1). The forwardmost staple 30a is in the delivery channel under the urging
of the spring arrangement 36. With the staple in this position, the
skin-stapling 35   instrument 16 is activated so that the thrust bar 52
-17 - causes the pusher 50 to drive the staple to and around the anvil 40
as shown in Figures 11-14. The pusher element 50 moves forward from the
position shown in Figures 10 and 11 until the staple 5  30a contacts the
anvil 40 (Figure 12), the staple being guided by the V-shaped surface 134
of the pusher tine 132. As oriented in the figure , the pusher is driven to
the left; and, because of the camfers 135 in the tines 132, staple 3.0a is
guided while being bent 10  around the anvil.  After the pusher element has
advanced slightly, the staple takes the shape shown in Figure 12, still
being guided by the V-shaped grooves 134 of'.the pusher tine. The chamfer
surface 135 allows a bending force to be exerted on the staple 15  at the
points remote from the anvil 40. In this manner, the required initial
bending force is reduced. Once the staple is in the position shown in
Figure 14, the bending force is moved from the outer- 20  most region of
the chamfer to the innermost region. However, because of the buildup of
inertial forces, bending is still easily accomplished.  The pusher element
50 advances until it reaches the position shown in Figure 14. In this
position, the staple is 



25  substantially rectangular and has its points in close proximity. Upon
completion of a staple formation as shown in Figure 7, the ejector
springs.164 conve- niently release the staple in a known manner. With
reference now to Figures 15-19, the 30  formation of the staple with
respect to the skin will be explained.  The external skin of the patient is
shown at 160 and is split at an incision 162.  The function of the
cartridge 10 in association with the skin-stapler 16 is to securely fasten
two segments of    -18- skin and to maintain the fastened position, neatly
and securely, to facilitiate the healing process. As seen in Figure 15, the
front end 18 of the cartridge 10 is held against the skin 160 of the 5
patient, covering the incision. When properly posi- tioned, the anvil 40 is
centered with respect to the incision 162. The thrust bar 52 of the
skin-stapler 16 is activated, and the pusher element 50 begins its forward
stroke.  When the pusher element 50 reaches 10   the contact area, the
forward staple 30a is ready to be ejected.  The pusher contacts the first
staple, as shown in Figure 15.  The pusher element then expels the staple
from the cartridge through the delivery channel 42 and drives same until it
contacts the anvil 15   40, as shown in Figure 16.  In this figure, it is
seen that the staple pierces the skin of the patient. In Figure 17, the
staple is shown beginning to gather the skin. In this position, the staple
is formed as described above with respect to Figure 13. 20             The
staple is then completely formed around the anvil 40 so that it takes the
shape illustrated in Figure 18. The corresponding position of the staple
with respect to the cartridge is shown in Figure 14. 



During the forward thrust of the pusher element 50, 25   the tines 132 move
the pair of spring fingers 164 out of the staple plane. After the stapling
operation is complete and the pusher begins to return to its rear position
(Figure 7), springs 164, associated with the anvil 40, serve to eject the
staple from the anvil. 30   The skin is thus fastened and is free to expand
toward the crossbar 34 of the staple (Figure 19), as may happen during
postoperative swelling of the tissue. As illustrated in Figures 9 and 10,
the spring actuated guide member 98 will not turn or flex 35   to enter the
connecting channel 44 when the supply of    -19- staples is depleted.
Accordingly, the last several staples occupying the connecting channel 44
will not be fed to the delivery channel.  This is of minor practical
significance.  One could load several dummy staples in 5  the last
positions so that all "true" staples are fed and expelled. However, the
staples are inexpensive and thus make their own most economical filler
material.  In addition, there is provided a compact structure in which at
least 50 and conceivably as many as 85 staples can be 10  loaded. This
number is more than would be used in almost all surgical procedures.
Therefore, the few staples which cannot be expelled present no disadvantage
whatsoever. With reference to Figures 20-30, a preferred embodiment 210 of
the subject invention will now be 15  described.  Elements similar to those
previously described bear the same reference numerals, and only the
differences will be discussed. This embodiment is basically similar to the
above described cartridge in the provision of a staple storing 20 portion
20, a delivery channel 42, a pusher channel 112 with pusher 50, and a
connecting channel 44'.  The major 



differences are the spring arrangement 182, and the positioning and
configuration of the connecting channel 44'. As shown in Figures 20,. 23
and 24, a pair of bores 25  170 and 171 replaces the single bore 92 of the
previous construction.  Contained within each of these bores is a helical
compression spring 174, 176.  By this arrangement, a more uniform force may
be applied to the array 38 as the staples are ejected from the cartridge
210 and formed 30 about the anvil 40. In the embodiment, as illustrated in
Figure 21, the connecting channel 44' forms an elbow bend 178 with the
storage track 32 so that the angle A    - 20- measured between the plane
defined by the connecting channel and the plane defined by the crowns 34 of
the staples when they are on the storage track is approxi- mately 60
degrees.  That the angle is acute is 5   important.  With reference to
Figure 26, which shows the two forwardmost staples of Figure 21, the actual
magnitude of the angle is determined by the geometry of the staple bend
radius R relative to staple wire diameter d and width W of connecting
channel 44', 10  shown in Figure 21.  It is preferred that each
succeedingly higher staple in connecting track 44' be allowed to move
rearwardly a distance sufficient that the lower of each pair of adjacent
staples is urged upward so that its crown 34 slides against the 15   crown
of the upper staple until the outer radius R of the lower staple presses
against the root of the leg section 86 of the upper staple. In Figure 21,
it has been found that, when angle A is 600 and two staples 30b and 30c
occupy the 20   connecting channel 44', staple 30b will be forceably
rotated to be approximately parallel to the delivery 



channel 42.  This ensures that staple 30a, in the delivery channel, will be
held in the desired posi- tion ready for movement toward the anvil 40. That
25   connecting channel 44' is wider than the diameter d of the staple wire
is necessary for free movement of the staples. The clearance between the
staple crown 34 and the walls of channel 44' allows the crowns to move in a
favorable relationship one to another to. 30   cause the rotation of the
sequential staples to arrive at position 30a in the desired orientation.
Suffice it to say that angle A is preferred to be less than 90 [err].  In
addition, the straight portion 180 of the connecting channel is dimensioned
to be approximately 35   equal to twice the diameter of a staple.    -21-
Bow the staples are moved from a position of storage within the staple
storing portion 20 to a posi- tion of use within the delivery channel 42
will now be described with reference to Figures 21 and 27-29. 5
As shown in Figures 21 and 22, the spring arrangement 182, by applying a
force against the rear- wardmost staple 30m, causes the array 38 to advance
as a total charge through the connecting channel 44' with the forwardmost
staple 30a being placed into the 10   delivery channel 42 in a position of
use. It is not necessary for the pusher 50 to be in the forward position in
order to properly orient the legs 86a, 88a of the forwardmost staple prior
to its positioning within the delivery channel. 15               Because Of
the positioning of the connecting channel 44' rela- tive to the storage
track 32 and the delivery channel 42, the staples interact with each other
to accomplish the reorientation of the forwardmost staple from its 



20   position of storage to its position of use.  With reference to Figures
26 and 28, the centerline of staple 30b is offset ahead of the centerline
of forwardmost staple 30a in accordance with how much the corners 184 of
the staples deviate from the theoretical 25   "mitered" shape.  When the
outside corner 186 of the elbow bend 184 of the staple has a radius about
equal to half the staple diameter, it is found that the best channel angle
is approximately 60 degrees. With reference to Figure 28, in the array 38
30   under the urging of the spring arrangement 182, staple 30e acts on
staple 30d to push the crossbar 34 of staple 30d around the bend 178.
Staple 30d then acts on staple 30c in the manner described above and as
shown in Figure 26 with staple 30c doing the same to 35   staple 30b, and
staple 30b finally rotating staple 30a    -22- clockwise.  The interaction
between staples 30d, 30c and 30b is such that staple 30c is forced to the
out- side bend 178 of the connecting channel 44' and, at the same time,
staple 30b is urged toward the inside 5   of the bend at 179.  Similarly,
staple 30a is urged rearwardly against guide surface 181.  With this
arrangement, staple 30b pushes upward against staple 30a to rotate staple
30a in a clockwise direction so that the legs 86a, 88a of the staple are
held upward 10   against the top surface of the delivery channel 42. As
best shown in Figure 21, the distance between the top surface 188 of the
storage track 32 and the bottom surface 108 of the delivery channel 42 is
preferrably of sufficient size to accommodate two 15   staples in the
straight portion 180 of the connecting channel 44', which is bent back at a
angle of approxi- mately 60 degrees. This particular geometry has' 



been found advantageous to cause the legs 86b, 88b of staple 30b to be
essentially parallel to the plane 20   defined by the delivery channel 42.
Accordingly, as staple 30a is pushed forward by the pusher 50 (Figures 27
and 28), the bend portions 184 of staple 30b hold staple 30a in a position
parallel to the plane defined by the delivery channel 42. In this way, the
legs 86a, 25   88a of staple 30a cannot drop downward out of the plane of
the delivery channel 42, thereby leading to a staple jam. Once the
forwardmost staple 30a is positioned within the delivery channel 42', the
ejection. annd forma- 30   tion of this staple about the anvil 40 can take
place under the control of the pusher 50. Note, however, that, as staple
30a is pushed forward in the delivery channel 42, all of the remaining
staples in the array 38 are forced backward a small distance 35   "s"
against the spring arrangement 180.  The staples    -23- .are held thus
until the pusher is retracted at the completion of a staple-forming cycle.
With reference to Figures 31 through 35, a second preferred embodiment of
the subject invention 5  will now be described.  Elements similar to those
previously described bear primed reference numerals, and only the
differences will be discussed.  The second embodiment of the
staple-feeding.apparatus is similar to the first     except that it
provides for the use 10   of a wide fascia staple 350 such as that shown in
Figure 25 rather than a skin staple 30 such as that shown in the same
Figure.       This embodiment basi- cally operates in the same manner as
the previously described embodiment  but contains different storage 15
track and connection channel structures configured to 



accommodate the wide fascia staples.  In addition, this embodiment contains
a staple-retaining spring structure 330 to prevent premature ejection of a
staple.. 20             Like the first embodiment,     the staple feed and
ejection apparatus may be incorporated into a disposable staple-carrying
cartridge used with a permanent instrument or may be incorporated directly
into a disposable instrument 25   which includes the staple-carrying
cartridge capabili- ties.  Thus, as before, it can be seen that the term
cartridge as used herein is meant to include both a separate structure
adapted to be mounted on an instru- ment and a structure formed as an
integral part of an 30   instrument. For purposes of this disclosure, the
second embodiment will be described in the context of a cartridge generally
shown as 310 in Figures 31 and 32 with the cartridge being mounted on a
surgical sta- 35  pling instrument shown in phantom in Figure 32.  The
-24- surgical stapling instrument may be any conventional instrument having
rectilinear thrust capabilities, similar to those previously set forth with
respect to the first embodiment. 5             As shown in Figures 31, 32
and 34, the cartridge 310 basically comprises an enlongated body member 51'
that defines two longitudinally extending sidewalls 54' and 55' each of
which contains a cutout which defines ledge portions 62'.  In addition,
each 10   sidewall 54', 55' of the body member 51' contains an upright
portion 72' near the rear of the cartridge which mates with a corresponding
cutout in the side- walls of the cover 53' to further ensure proper mating 



of the cover and body members.  The'securing of the 15   cover 53' to the
main body 51' is explained in UK patent application No. 39,984/77, filed
September 26, 1977 Defined within the body member 51' is a longitudinally
extending staple storing portion 20'. 20   Cover 107' is secured within the
body 51' to cover the staple storing portion 20' in a suitable manner, such
as by force fit.  As best seen in Figure 34, the staple- storing portion
includes a storage track 76 defined by a top channel portion 78' integral
with a pair of 25   spaced apart side channel portions 82' and 84'.  The
top channel portion 78' is configured to generally correspond with the
structure associated with the wide fascia staple 350.  As shown in Figure
34, the staple 350 has a pair of arms 312 terminating in points 314. 30
The arms 312 occupy the side channel portions 82' and 84' of the staple
storing portion 20'. The staples 350 also have crossed pieces 316 which
include trans- verse center sections 318 which extend transversely of
-25- the arms 312. Connecting the arms 312 and the trans- verse center
sections 318 are two arcuate sections 320 which define the crowns of the
staple. With reference to Figure 35, the total charge 5   of staples 38' is
stored within the-storage track in a sequential array, one next to the
other.  The top channel portion 78' is configured so that the crowns 320 of
the staples lie substantially in the same plane. Defined within the body
member, a longitudinally ex- 10   tending bore 92' which is spaced between
and substan- tially.parallel to the side channel portions 82', 84' of the
storage track 76'.  Positioned within the bore is a helical compression
spring 96'.  one end of the 



compression spring abuts up against the termination 15   wall of the bore
92', and the other end of the compres- sion spring constantly urges a guide
member 322 against the rearwardmost staple 30m of the total charge or array
38'.  It should be understood that the two-spring arrangement could also be
advantageously employed. 20             The guide member 322 rides in the
storage track 32' and includes a staple-touching portion 324 which, when
viewed in cross section, closely resembles the outline of a staple.  The
guide member also includes a staple-touching portion 326 which receives 25
the expansion force of the compression spring 96'. The staple-touching
portion 322 is at an incline to facilitate movement of the staples around
the transis- tion corner between the storage track 32' and the delivery
channel 44'. 30             The top portion of the body member 51'. defines
a planar surface 108' which is spaced from and substantially parallel to
the storage track 32'. The top surface 108' extends throughout the entire
length of the cartridge 310 and, with the interior 35   surface of the
cover 53', defines the delivery channel    -26- 42' and a congruent pusher
channel 112'.  The cover 53', is similar to that shown in aforementioned UK
patent application No. 39,984/77 and will not be described in detail.  For
purposes of this disclosure, 5   the only requirement is that the cover, in
coopera- tion with the top surface 108' of the body member, provide
sufficient space to allow free rectilinear movement of a pusher member 50'.
The delivery channel 42' is configured to 10   receive a single staple in
an orientation so that the crowns 320 present themselves to the forward end
116' 



of the pusher 50' with the legs 312 of the staple 350 facing the forward
end 18 of the cartridge.  The exit aperture 37' is provided at the
termination point of 15   the delivery channel 42'.  Also formed on the
cover 53' near the termination point of the delivery channel is the anvil
40'. In this embodiment, the anvil structure, as well as the exit aperture
structure, is similar to that shown in UK patent application No. 20
39,984/77 and will not be described in detail. As best illustrated in
Figures 31 and 35, the pusher 50' is an enlongated substantially planar
member dimensioned for free rectilinear movement within the pusher channel
112' and the congruent delivery 25   channel 42'.  Near the rearward end
124' of the pusher 50' is a driver-receiving portion 126' which is adapted
to receive the driving lug 61 of the thrust bar 52 of the skin stapling
instrument 16. A longitudinally extending cutout 128' in the rearward
portion 130' of 30   the cover 53' provides access to the driver portion
126', which engages the thrust bar of the skin sta- pling instrument when
the cartridge 310 is positioned therein. The particular configuration of
the forward- most region 116' of the pusher element 50' is described 35
in detail in aforementioned UK patent application No. 39,984/77.    -27-
Connecting with the termination point of the storage track 32' is the
connecting channel 44' which terminates at the delivery channel 42'. The
connect- ing channel provides an unobstructed path for staples 5   to pass
from the staple-storing portion 20' to the delivery channel 42'.  The
connecting channel 44' forms an elbow bend 178' with the storage track 32'
so that the angle measured between the plane defined 



by the connecting channel and the plane defined by 10   the crowns 320 of
the staples when they are on the storage track is approximately 600.  The
importance of this angle has already been described -with reference to the
first  embodiment. The operation of the second embodiment, in 15   order to
move staples from a position of storage within the staple-storing portion
20' to a position of use within the delivery channel 42', is substantially
the same as. has been previously described with respect to the  first
embodiment.' 20             In order to prevent premature ejection of the
staples, the cartridge 310 contains a member 330 which is secured to the
cover portion 53 by suitable means such as spot welding at point 332.  The
member 330 includes a transverse rear section 334 from which depend 25   a
center ejection spring finger 336 and a pair of resil- ient
staple-retaining fingers 338.  The ejection spring finger 336 operates in
the manner similar to that described in UK patent application No.
39,984/77. With reference to Figure 35, the operation 30   of the
staple-retaining fingers 338 will be described. With the pusher 50' in its
retracted position, the spring fingers 338 assume the position shown in
phantom so that a downwardly projecting leg portion 340 of the spring
finger is positioned in front of the crown of 35   the staple when the
staple is in the delivery channel    -28- 42'.  As the pusher is advanced
in the direction indi- cated by arrow 344, the front portion of the pusher
engages a bend 342 in the spring finger 338.  The bend 342 and the leg
portion 340 define a staple crown 5   receiving area 339 which limits the
forward and rear- ward movement of the staple 350 within the delivery 



channel 42', thus preventing the next forwardmost staple from entering the
delivery channel while it is still occupied by a staple.  As the pusher
drives 10   forward, the spring finger is deflected in an upward direction
so that it assumes the position indicated by 338'.  As the pusher continues
its forward motion, the pusher engages the crown of the staple 350 and
causes the staple to travel in the delivery channel 42' 15   toward the
exit aperature 37' for formation about the anvil 40'.  In this embodiment,
there is a staple- retaining spring finger 338 associated with each of the
staple crowns 320. This feature could also be incorporated into the other
embodiments.  See, for 20   example, Figures 27 and 28 which contain a
single spring 348 which is centrally located to associate with the crown 34
of staple 30. With reference to Figures 36 and 37, an alternative
arrangement for the staple-retaining 25   structure will be described.  The
alternative staple- retaining structure, generally designated as 360,
includes a pair of resilient staple-retaining fingers 362 which each
terminate in an upward bend to define a leg 364. The other ends of the
spring fingers are 30   joined by a transverse section 366. The
spring-retaining member 360 is mounted near the forward portion of the
cover 53' of the cartridge by a suitable means such as spot welding at
point 368.    -29- In order to incorporate the staple-retaining member 360
into the cartridge shown in Figure 31, member 330 is altered to eliminate
the spring-retaining fingers 338 and the transverse section 334, so that
all 5   that remains is the ejection spring finger 336 which 



is secured to the cover portion 53' by convenient means, such as spot
welding, at point 332 in the same manner as previously described.  Once
again, the ejection spring finger 336 operates in the manner similar to
that 10   described in UK patent application No. 39,984/77. With reference
to Figure 35, the operation of the staple-retaining fingers 362 will be
described. In this embodiment, the pusher 50' has a shorter stroke;
therefore, its retracted position is such 15   that the ends of the tines
132' line up fairly close to the rearward straight portion 370 of the
connecting channel 44'.  With the pusher 50' in its retracted position, the
resilient fingers 362 assume the posi- tion shown so that the
upwardly-turned leg portions 20   364 and the fingers 362 are positioned in
front of the crowns 320a of the staple 350a when the staple is in the
delivery channel 42'.  In this way, forward movement of the staple within
the cartridge is pre- vented by the leg portions 364, and rearward movement
25   of the staple within the cartridge is prevented by the end of the
tines 132' of the pusher 50'. As the pusher is advanced in the direction
indicated by arrow 372, the front portion of the pusher engages the crowns
320a of the staple 350a 30   in order to start the forward motion of the
staple within the delivery channel 42'. As the staple advances, the crowns
engage the legs 364 of the fingers 362, causing the fingers to be deflected
in an upward direction, thus clearing the path for    -30- further forward
movement of the staple. As the pusher 50' continues to advance the staple,
a point is reached where the staple-retaining fingers 362, at point 374,
ride along the top surface of the pusher 50'.  In this 



5  alternative arrangement, there is a staple-retaining finger 362
associated with each of the staple crowns 320.  Like the previous
arrangement, the present arrangement may also be incorporated into the
other embodiments of the subject invention by providing a 10 single spring
finger which is centrally located to associate with the crown 34 of staple
30. Although the present invention has been shown and described in terms of
specific preferred embodiments, it will be appreciated that various changes
or 15  modifications are possible. For instance, while the above describes
the staple storing, feeding and forming mechanisms embodied as being a
cartridge distinct from the powering stapling instrument, the invention
also contemplates a construction where the mechanism is an 20  integral
part of the stapling apparatus, i.e., there would be no cartridge as such.
-31- CLAIMS 1. A surgical stapling apparatus adapted for use with a
skin-stapling instrument in applying surgical staples to disunited skin or
fascia, each staple including a pair of spaced-apart, parallel legs, joined
by a crown, said apparatus comprising: staple-storing means adapted for
storing said staples in a sequential array, one next to the other, each of
said staples being oriented in said staple-storing means in a position of
storage;  an exit aperture through which staples are discharged in use of
10 the apparatus:  a delivery channel providing a passage for said staples
to said exit aperture, each of said staples being oriented in a position of
use when in said delivery channel;  spring means acting on the last staple
in said array for constantly urging the staples as a total charge 15  in a
predetermined direction;  and a longitudinally curved 



connecting channel providing a passage capable of simultaneously receiving
a plurality of said staples for conducting them from said staple-storing
means to said delivery channel, said connecting channel being configured 20
and positioned relative to said staple-storing means and said delivery
channel for causing the staples of said array during passage through the
connecting channel to be reoriented by engagement by succeeding staples
from said position of storage towards said position of use, the legs 25 of
each staple, when in said position of storage, defining a plane which is
not parallel to a plane defined by said same staple when in said position
of use, an included angle of approximately 600 being provided between the
staple-storing means and the connecting passage and the 30  arrangement
being such that in use of the apparatus each of the successive surgical
staples before reaching the delivery channel has imparted to it a rotation
about the axis defined by the crown portion of the staple,    -32- in
cooperation with the spring load applied by the spring means and with the
next following staple whereby the legs and the crown portions of the
surgical staples lie in a common plane in the delivery channel ready for 5
application. 2.  The apparatus of claim l further comprising an anvil at
said exit aperture adapted to have the staples formed thereabout as they
leave said exit aperture. 3. The apparatus of claim 2, further comprising
10  pusher means for pushing said staples through said delivery channel and
out of said exit aperture for formation about said anvil. 4. The apparatus
of claim 3, wherein said delivery channel is adapted to accommodate one
staple only at a 15 time, said one staple being received from said
connecting 



channel. 5. The apparatus of any preceding claim, wherein said
staple-storing means includes means for orienting said staples in said
array so that the crowns of said 20  staples lie substantially in the same
plane. 6. A surgical stapling apparatus adapted for use with a
skin-stapling instrument in applying surgical staples to disunited skin or
fascia, each staple including a pair of spaced-apart, parallel legs, joined
25  by a crown, said apparatus comprising: a main body having
staple-storing means defined therewithin for storing said staples in a
sequential array, one next to the other, each of said staples being
oriented in said staple- storing means in a position of storage,  an exit
aperture 30  from said main body through which staples are discharged in
use of the apparatus; a delivery channel providing a passage for said
staples to said exit aperture, each of said staples being oriented in a
position of use when in said delivery channel; spring means acting on the
last staple 35  in said array for constantly urging the staples as a total
charge in a predetermined direction; and a    -33- longitudinally curved
connecting channel providing a passage capable of simultaneously receiving
a plurality of staples for conducting them from said staple-storing means
to said delivery channel, said connecting channel 5 being configured and
positioned relative to said staple- storing means and said delivery channel
for causing the staples in said connecting channel to interact with each
other, each staple, when in said connecting channel, imparting rotational
movement on the next succeeding 10  staple, said rotational movement being
about the axis defined by the crown of the staple, with the forwardmost
staple of said array being positioned for use in said 



delivery channel, an included angle of approximately 60 [err] being
provided between the staple-storing means and the 15  connecting passage
and the arrangement being such that in use of the apparatus each of the
successive surgical staples before reaching the delivery channel has
imparted to it a rotation about the axis defined by the crown portion of
the staple, in cooperation with the spring 20  load applied by the spring
means and with the next following staple whereby.the legs and the crown
portions of the surgical staples lie in a common plane in the delivery
channel ready for application. 7.  The apparatus of claim 6, wherein the
next 25  forwardmost staple of said total charge is caused to rotate about
the axis defined by its crown so that its legs define a plane substantially
parallel to a plane defined by said delivery channel, said legs of said
next forwardmost staple supporting the legs of said forwardmost 30  staple
that is in said delivery channel. 8.  The apparatus of claim 6 or 7 further
comprising an anvil at said exit aperture adapted to have the staples
formed thereabout as they leave said exit aperture.    -34- 9.  The
apparatus of claim 8, further comprising pusher means for pushing said
staples through said delivery channel and out of said exit aperture for
formation  about said anvil. 5           10.  The apparatus of claim 9,
wherein said delivery channel is adapted to accommodate one staple at a
time, said one staple being received from said connecting channel. 11.  The
apparatus of any one of claims 6 to 10, 10  wherein said staple-storing
means includes means for orienting said staple in said array so that the
crowns 



of said staples lie substantially in the same plane. 12.  The apparatus of
claim 11, wherein said delivery channel defines a plane which is
substantially 15 parallel to and spaced from the plane defined by said
staple crowns when said crowns are in said staple- storing means. 13.
Apparatus according to any preceding claim which includes a movable pusher
bar for urging a staple 20  through the delivery channel and out of the
exit aperture staple-retaining apparatus comprising:  first means operable
in a first position for preventing said staple from moving within said
delivery channel and operable in a second position for permitting free
movement 25 of said staple within said delivery channel, and second means,
responsive to the movement of said pusher bar, for shifting said first
means between said first and second positions. 14. The apparatus of claim
13, wherein said 30 first means comprises a resilient finger terminating in
a leg that occupies and blocks said delivery channel when said first means
is in said first position.    -35- 15.  The apparatus of claim 13 or 14,
wherein said second means comprises an abutment connected to said first
means, said abutment being responsive to the movement of said pusher bar
for shifting said first means 5 from said first position to said second
position to unblock said delivery channel. 16.  Surgical stapling apparatus
constructed and arranged to operate substantially as hereinbefore described
with reference to and as illustrated in 10 Figures 20 to 37 of the
accompanying drawings. The text of the specification has been reproduced by
photocopying the applicants originalAs typecript.  It may contain a few
amendments which are diffult to read.  The original 



typescript containg these amenments may be inspected on the premises of th
Patent Office    


