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(57) ABSTRACT 

Systems, including apparatus and methods, for repairing 
injured connective tissue. These systems may include, among 
others, a Surgical stapler and staples for repairing partially or 
completely severed tendons and/or ligaments. 
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CONNECTIVE TISSUE REPAIR SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/325,703, filed Dec. 20, 2002, now 
U.S. Pat. No. 7,343,920, which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

0002 The invention relates to systems for repairing 
injured connective tissue, including, more particularly, a Sur 
gical stapler and Staples for repairing partially or completely 
severed tendons and/or ligaments. 

BACKGROUND 

0003 Tendons and ligaments are two of several types of 
connective tissues found in vertebrate organisms. Tendons 
are bands of fibrous tissue that connect muscles to bones. 
Ligaments are bands or sheets of fibrous tissue that connect 
bones or cartilages to one another at a joint or that Supportan 
organ. Tendons are essential to joint movement, being present 
throughout the body, and being particularly numerous 
throughout the forearm, hand, ankle, and foot. 
0004 Tendons and ligaments are susceptible to a variety 
of injuries, ranging from tears to complete severance. For 
example, because they usually are Superficial in location, 
tendons often are injured by penetrating injuries. Such as 
lacerations. 
0005. Unfortunately, tendon and ligament injuries may be 
difficult to repair, for a variety of reasons. For example, the 
ends of torn connective tissue tend to pull apart significantly 
after injury, making it unlikely that the injury will heal with 
out Surgery to hold the torn ends together. For this reason, 
tendons often are repaired by pulling the ends of the severed 
tendon into contact and then Stitching them together. Unfor 
tunately, as the repaired tendon heals, the point of reattach 
ment may exhibit adhesion, that is, the abnormal develop 
ment of new tissue joining the tendon to the Surrounding 
tendon sheath. Adhesion may be reduced by early passive or 
active movement of the affected joint. Yet, damaged tendons 
require more force to move after Surgery than undamaged 
tendons, putting additional stress on the Sutures used to repair 
the tendon, frequently resulting in rupture of the tendon 
before it can heal. Surgeons therefore are encouraged to uti 
lize increasingly complex multistrand repairs, resulting in 
increased operative time, increased foreign body Suture mate 
rial, and increased handling and manipulation of the tendon. 
While such procedures enhance the strength of the repair, 
they also enhance the likelihood of adhesion by the presence 
of the Suture material and/or multiple or large Suture knots, 
and by any rough handling of the involved tissues. 
0006 Thus, there is a need for a new system for repairing 
connective tissue. Such as tendons and ligaments, that allows 
their quick and reproducible repair, while leaving the repaired 
tissue sufficiently strong to permit early range of motion of 
the involved joint. 

SUMMARY OF THE INVENTION 

0007. The invention provides systems, including appara 
tus and methods, for repairing injured connective tissue. 
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These systems may include, among others, a Surgical stapler 
and Staples for repairing partially or completely severed ten 
dons and/or ligaments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is an isometric view of a connective tissue 
repair apparatus, in accordance with aspects of the invention. 
0009 FIG. 2 is an isometric view of an alternative connec 
tive tissue repair apparatus, in accordance with aspects of the 
invention. 
0010 FIG. 3 is an exploded isometric view of a portion of 
the nose section of the connective tissue repair apparatus of 
FIG 1. 
0011 FIG. 4 is a view of the nose of the connective tissue 
repair apparatus of FIG. 1, shown cradling an injured band of 
connective tissue. 
0012 FIG. 5 is a front elevation view of a surgical staple, 
in accordance with aspects of the invention. 
0013 FIG. 6 is a front elevation view of an alternative 
Surgical staple, in accordance with aspects of the invention. 
0014 FIG. 7 is a front elevation view of another alternative 
Surgical staple, with attached Sutures, in accordance with 
aspects of the invention. 
0015 FIG. 8A is a cross-sectional side view of the nose of 
the connective tissue repair apparatus of FIG. 1, shown cra 
dling an injured band of connective tissue. 
0016 FIG. 8B is a cross-sectional side view of the nose of 
the connective tissue repair apparatus of FIG. 1, shown cra 
dling an injured band of connective tissue, with the clamp 
body advanced to hold the connective tissue firmly. 
0017 FIG. 8C is a cross-sectional side view of the nose of 
the connective tissue repair apparatus of FIG. 1, shown cra 
dling an injured band of connective tissue, after the Surgical 
Staple has been driven through the connective tissue. 
0018 FIG.9 is a cross-sectional view of a repaired band of 
connective tissue, taken along a long axis of the connective 
tissue, showing a Surgical staple configuration. 
0019 FIG. 10 is a side view of a repaired band of connec 
tive tissue, taken along a long axis of the connective tissue, 
showing an alternative Surgical staple configuration. 
0020 FIG. 11 is a cross-sectional view of a repaired band 
of connective tissue, showing another alternative Surgical 
Staple configuration. 

DETAILED DESCRIPTION 

0021. The invention provides systems, including appara 
tus and methods, for repairing injured connective tissue. 
These apparatus may include, among others, a Surgical sta 
pler and Staples for repairing partially or completely severed 
tendons and/or ligaments. The methods may include, among 
others, methods of using a Surgical stapler and/or staples for 
effecting Such repair. Exemplary apparatus and methods are 
described below, including (I) staplers, (II) staples, (III) 
methods of use. (IV) staple configurations, and (V) additional 
considerations. 

I. Staplers 

0022 FIGS. 1-4 show exemplary connective tissue sta 
plers, for repairing partially or completely severed tendons 
and ligaments, in accordance with aspects of the invention. 
The stapler may include one or more of the following com 
ponents, among others: (1) a staple driver, configured to 
advance or drive the legs of a Surgical Staple through an 
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injured band of connective tissue, (2) an anvil, configured to 
deflect at least a portion of the legs of the Surgical staple as 
they emerge from the band of connective tissue, back into the 
band and/or around the exterior of the band, (3) a trigger, 
operatively connected to the staple driver, configured so that 
the Staple may be advanced by actuating the trigger, (4) a 
handle, configured for holding or grasping during stapling, 
(5) a housing, configured to enclose and/or Support the staple 
driver and/or other components of the stapler, and/or (6) a 
clamp, configured to hold the connective tissue for stapling. 
0023 FIG. 1 shows an external view of an exemplary 
connective tissue repair apparatus (or stapler) 20. Stapler 20 
may include a staple driver (shown below), an anvil 22, and a 
trigger 24. Stapler 20 further may include a handle 26, a 
housing 28, and a clamp 30. Stapler 20 may be actuated by 
moving or urging trigger 24 and handle 26 toward one 
another, for example, by pushing trigger 24 while holding 
handle 26. In particular, in this embodiment, a userpreferably 
pushes the trigger with a thumb or palm, while holding the 
handle with the fingers. 
0024. The anvil may be used to support a band or sheet of 
injured connective tissue 32 for the insertion of a Surgical 
Staple 34 by the apparatus. The injured connective tissue may 
be a tendon, a ligament, and/or any other Suitable type of 
connective tissue. The term “injured, as used herein, 
includes any damage to the connective tissue, for example, 
cuts, tears, lacerations, and/or other form(s) of hurt. In some 
cases, the injured connective tissue may be partially or com 
pletely severed. If completely severed, the connective tissue 
may include first 36 and second 38 ends that must be rejoined. 
0025. The housing may be used to enclose and/or support 
components of the apparatus. Here, housing 28 Substantially 
encloses the staple driver, while Supporting (directly and/or 
indirectly) anvil 22, trigger 24, and handle 26. In this way, the 
housing may protect portions of the apparatus, while main 
taining the proper spatial and/or functional relationships 
between the same and/or other portions of the apparatus. For 
example, the trigger and/or handle may be displaced physi 
cally from the anvil, so that the stapler may be held and/or 
actuated without interfering with the placement of connective 
tissue in the anvil and/or the interaction of the tissue with the 
Staples. Here, the stapler is elongate, with the anvil positioned 
at a first (nose) end 40, and the trigger and handle positioned 
generally at an opposite (butt) end 42. The housing may 
include additional features, as desired or warranted, such as a 
Staple port 44 for adding and/or storing staples, prior to use. 
0026 FIG.2 shows an external view of another exemplary 
connective repair apparatus (or stapler) 20', with an alterna 
tive trigger/handle mechanism. Stapler 20' may include a 
Staple driver (shown below), an anvil 22", and a trigger 24'. 
Stapler 20' further may include a handle 26", a housing 28', 
and a clamp 30'. Stapler 20' may be actuated, like stapler 20, 
by moving or urging trigger 24' and handle 26' toward one 
another. However, in this embodiment, a user preferably 
holds the handle using selected fingers and thumb, and pulls 
the trigger using a remaining finger. 
0027 FIGS. 3 and 4 show portions of an exemplary stapler 
(such as the staplers of FIGS. 1 and 2) that are involved in the 
delivery and shaping of Staples. These portions, which are 
primarily from the nose end 50 of the stapler, include, among 
others, a staple driver 52, a clamp 54, and an anvil 56. 
0028. The staple driver may include an elongate driver 
body 58 having a driver face 60 at a first (nose-directed) end, 
a spring 62 near a second (butt-directed) end, and an elongate 
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slot 64 disposed at least partially in between. The driver face 
may be configured to hold a Surgical staple in an orientation 
Suitable for its insertion into connective tissue when the appa 
ratus is operated, typically by including one or more concave 
features on the driver face that are complementary to the 
Surgical staple being utilized. For example, the staple driver 
face may include a lateral groove 66 sized so that a bridging 
portion of the Surgical Staple (shown below) may be at least 
partially inserted into the groove. The staple driver may be 
operatively connected to a trigger mechanism, such that acti 
Vating the trigger advances the Staple driver, and thus the 
loaded Surgical Staple, toward the anvil. 
0029. The clamp may include an elongate clamp body 68, 
with a clamp face 70 at a first (nose-directed) end, a spring 
engaging face 72 near a second (butt-directed) end, a staple 
opening 74 for loading staples, and a guide channel 76 for 
receiving a staple driver. Staple opening 74 may align with a 
Staple port in the stapler housing (see, e.g., FIG. 1), so that 
Staples may be inserted (manually or automatically) into the 
stapler in advance of the staple driver face. Guide channel 76 
may be configured to receive and guide the Stapler driver 
between (1) a loading position, biased toward the butt end of 
the stapler, where the driver may receive a staple, and (2) a 
Stapling position, biased toward the nose end of the Stapler, 
where the driver may clamp the injured connective tissue 
and/or deliver the Staple. The guide channel may form a 
longitudinal groove, as shown, into which the Staple driver 
may fit, bounded on three sides by Substantially planar faces 
of the clamp body, and bounded on a fourth side by an 
extended portion 78 of the anvil. The clamp body may include 
a projection on its underside that mates with slot 64 in staple 
driver body 58, allowing the staple driver to slide along the 
clamp body within limits defined by the length of slot 64. 
0030 The anvil may include an elongate anvil body 80, 
with an extended portion 78 toward a first (butt-directed) end, 
and a staple-shaping portion 82 near a second (nose-directed) 
end. The staple-shaping portion may include a concave chan 
nel 84, configured so that it can cup a band of injured con 
nective tissue 86 in an appropriate position and orientation to 
facilitate the insertion of one or more staples into the injured 
connective tissue, typically so that the site of injury is bridged 
by the staple. In particular, as shown in FIG. 4, where the 
connective tissue is severed, the concave channel may Sub 
stantially support the first 88 and second 90 severed ends of 
the connective tissue in abutment, that is, in direct contact 
with little or no gap between the first and second ends. The 
concave channel may act in concert with clamp face 70 of 
clamp 54. The anvil further may include one or more slots 92 
and/or other features or openings to facilitate the use of 
Sutures in the repair of the injured connective tissue. 
0031. The stapler (and components thereof) may be sized 
in accordance with the size and/or type of connective tissue 
under repair. For example, for typical tendon repairs, the 
length of the entire repair apparatus may range between about 
80 mm and about 120 mm, and the width of the anvil may 
range between about 7 mm and about 14 mm. (Exemplary 
flexor tendons may have widths of about 4.7+1.2 mm or 
4.3+0.2 mm, and heights of about 3.0+0.4 mm or 3.0+0.7 
mm, among others.) Generally, relatively larger apparatus 
will facilitate the repair of larger connective tissues, whereas 
relatively smaller or more delicate apparatus will facilitate the 
repair of Smaller connective tissues (e.g., via microSurgery). 
0032. The stapler (and components thereof) may be made 
of any suitable material(s), including metal, plastic, and/or 
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the like. These materials may be capable of sterilization, for 
example, by autoclaving and/or irradiating, especially for 
reusable staplers. The materials may be selected to reduce or 
eliminate damage to connective tissue and/or Surrounding 
tissue, for example, by being Smooth and/or nonimmuno 
genic. The stapler (or portions thereof) may be colored or 
otherwise marked to distinguish it from other (size) staplers 
and/or from other Surgical instruments. 

II. Staples 
0033 FIGS. 5-7 show exemplary staples for use in repair 
ing connective tissue, in accordance with aspects of the inven 
tion. These staples generally may be used for the repair of any 
suitable tissue, preferably connective tissue, and preferably in 
conjunction with a repair apparatus, Such as the connective 
tissue repair apparatus described herein. 
0034 FIG.5 shows an exemplary surgical staple 110. This 
Staple includes an elongate bridge portion 112 from which 
project (or depend) first and second legs 114a, b having ends 
or tips 116a,b, respectively. These ends or tips may be shaped 
or sharpened to facilitate their passage through tissue. Gen 
erally, although not necessarily, elongated bridge portion 112 
and depending legs 114a, b lie in the same plane, with all 
formed integrally from a single piece of wire and/or other thin 
elongate material. The bridge portion and legs may be sepa 
rated or distinguished by bends 118a, b. (Staples generally, 
though not necessarily, may be prebent to form the bridge 
portion and legs prior to their being loaded into a stapler.) The 
staple may be flexible enough to be deformed readily upon 
being driven into the anvil of the apparatus, while rigid 
enough to hold whatever shape is applied to the staple by the 
anvil. The cross-section of the staple material may have any 
Suitable shape, such as circular and/or rectangular, with the 
shape and/or cross-sectional area remaining constant or vary 
ing over part or all of the staple. 
0035 FIG. 6 shows an alternative surgical staple 130. The 
alternative staple may incorporate one or more flexible sec 
tions 132, typically, although not necessarily, in the elongate 
bridge 134 of the staple, with legs 136a, b retaining sufficient 
rigidity to be shaped by the anvil. The flexible section may 
derive its flexibility by any suitable mechanism, for example, 
by including Suture material, nitinol, and so on. The use of 
Staples that incorporate flexible sections may increase the 
flexibility of repaired regions of connective tissue, relative to 
regions repaired with staples that are more rigid. Thus, flex 
ible staples may facilitate the movement of repaired connec 
tive tissue through narrow anatomical passages, for example, 
the flexor tendon pulleys and sheaths in the hand, with sub 
stantially less adhesion and irritation. The flexible section or 
sections may be joined or secured onto the legs of the staple 
using any Suitable mechanism, including Swaging, crimping, 
gluing, and the like. For example, Suture material may be 
inserted into a hollow needle, whereupon the sleeve may be 
crimped securely around the Suture, so that the needle forms 
a leg of the resulting staple. 
0036 FIG. 7 shows yet another alternative surgical staple 
150. Staple 150 optionally includes a flexible section 152 in 
the elongate bridge 154 between legs 156a, b of the staple. In 
addition, staple 150 includes two lengths of flexible suture or 
wire 152a, b and 53, each attached to a different staple leg 
near the elongate bridge. Sutures 152a, b and 53 terminate in 
needles, 154a, b, respectively, so that once staple 150 has 
been inserted into aband of connective tissue, the staple may 
be sutured in place, further reinforcing the repair to the con 
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nective tissue. The Suture or wire generally comprises any 
material suitable for Stitching around and/or through tissue, 
including standard Suture, flexible wire, and so on. The 
needles generally comprise any Surgical needles Suitable for 
Stitching around and/or through tissue, narrow or wide gauge, 
curved or straight, and so on, as dictated or warranted by the 
application. 
0037. The surgical staples provided by the invention gen 
erally may have any suitable design (e.g., size, shape, and/or 
material) effective for stabilizing and/or repairing an injury to 
a band of connective tissue. Thus, the Surgical staples may 
include, independently, one or more flexible segments and/or 
one or more additional Sutures, which may or may not include 
preattached needles. For example, the Surgical staple may 
include only one length of additional Suture attached to one 
leg of the staple. The Staples may be sized to correspond, 
according to any Suitable metric, to the size of the connective 
tissue to be repaired, for example, with a bridge portion long 
enough to span the tear or severance, possibly including any 
fraying, and with legs long enough to wrap at least partially 
around and/or penetrate at least partially into the connective 
tissue. For example, the length of the bridge portion may 
range between about 1 mm and about 20 mm, or between 
about 5 mm and about 15 mm, or be about 8 mm, 10 mm, or 
12 mm, among others. Similarly, the length of the legs may 
range between about 1 mm and about 20 mm, or between 
about 5 mm and about 10 mm, or be about 7.5 mm, among 
others. Finally, the diameter of the bridge portion and/or legs 
may range between about 0.01 mm and about 2 mm, or 
between about 0.1 mm and about 1 mm, or be about 0.5 mm, 
among others. The staples may be shaped before use to fit 
within and/or to be bent by a stapler, and they may be shaped 
after use to Support a particular connective tissue for healing 
(see, e.g., Section IV below). The staples may be formed of 
any suitable material(s), particularly biocompatible material 
(S), including stainless Steel, titanium, Suture, and/or resorb 
able material, among others. 

III. Methods of Use 

0038 FIGS. 8A-C, viewed together with FIGS. 1,3, and 4, 
show an exemplary three-stage method for operating repair 
apparatus 20 (or 20'). This exemplary method is included for 
illustration and is not intended to limit or define the entire 
Scope of the invention. The connective tissue repair apparatus 
provided by the invention generally may be operated in any 
Suitable or desired manner. 
0039 Stage 1 of the exemplary method comprises prop 
erly positioning the connective tissue in the stapler. First, the 
Stapler is loaded (if not already loaded) by inserting a staple 
170 through a staple port 172 in stapler housing 174 and a 
stapler opening 176 in clamp body 178 so that the staple is 
positioned in front of staple driver 180. Next, a band or other 
piece of connective tissue 182 is placed in concave channel 
184 of anvil 186, and the trigger of the apparatus is depressed 
toward the handle, urging staple driver 180, loaded staple 170, 
and the spring (see 62 in FIG. 3) toward the anvil (since the 
trigger mechanism is coupled to the staple driver); see FIG. 
8A. The spring contacts the proximal end (see 72 in FIG.3) of 
clamp body 178, advancing a clamp face 188 toward the anvil. 
Clamp face 188 may include a concave surface that generally 
is complementary to concave channel 184 of the anvil, so that 
the clamp face and concave channel, when in proximity, 
define a volume within which the injured connective tissue 
may be supported, aligned, and partially compressed, in 
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anticipation of the insertion of the Surgical staple. If the trig 
ger is depressed further, the staple driver will continue to urge 
the clamp body toward the anvil, until eventually the clamp 
body reaches a point where it is prevented from advancing 
further, generally by contact with the anvil; see FIG. 8B. The 
clamp body preferably is stopped before it advances to a point 
where it would overly compress or crush the connective tis 
Sue, typically before it would compress the tissue to less than 
about 75% of its normal height. The injured band of connec 
tive tissue, at this point, should be clamped securely between 
anvil 186 and clamp face 188, substantially completing the 
first stage of the Stapling process. 
0040 Stage 2 of the exemplary method comprises stapling 
the connective tissue to effect the repair. This stage is initiated 
by continuing to Squeeze the trigger beyond the point at which 
the connected tissue is clamped securely. This causes staple 
driver 180 to advance further within the barrel of the appara 
tus, compressing the spring against the proximal end of clamp 
body 178, while allowing surgical staple 170 to continue to 
advance toward the connective tissue. Depressing the trigger 
further advances the staple driver through the guide channel 
(see 76 in FIG.3) within clamp body 178, such that the tips of 
the Surgical staple beginto protrude from an opening in clamp 
face 188 defined by the guide channel. The tips of the surgical 
staple then may be driven into the connective tissue; see FIG. 
8C. The interior surface of channel 184 of anvil 186 may be 
configured so that the tips, and therefore the legs, of the staple 
are deflected and/or deformed as they emerge from the con 
nective tissue after penetrating the width of the connective 
tissue, creating a desired Staple configuration. In particular, 
the interior Surface of the anvil may include grooves, ridges, 
and/or other features that direct the tips of the staple in the 
desired direction(s) as the staple is pushed into the anvil. 
0041 Stage 3 of the exemplary method comprises release 
and removal of the repaired connective tissue. After the tissue 
has been stapled, the trigger may be released, withdrawing the 
Staple driver reciprocally through the guide channel, and 
away from the anvil and connective tissue. This releases ten 
sion applied by the spring, so that clamp face 188 no longer is 
urged against the anvil, although the clamp body may not 
retract until the projection on the underside of clamp body 
178 contacts the distal end of the elongate slot (see 64 in FIG. 
3) in staple driver 180. The repaired connective tissue then 
may be released from the apparatus, as or after the clamp body 
retractS. 

IV. Staple Configurations 
0042 FIGS. 9-11 show exemplary staple configurations. 
These configurations preferably are determined by the anvil, 
during stapling, as described above. However, in some 
embodiments, the configuration may be modified (or even 
established) after stapling, for example, by additional bend 
ing. These exemplary configurations are included for illustra 
tion and are not intended to limit or define the entire scope of 
the invention. 
0043. The staples generally may adopt and/or be formed 
into any configuration capable of and/or adapted to Support 
the injured connective tissue for healing. Exemplary configu 
rations may be two-dimensional (planar) or three-dimen 
sional, and straight and/or curved. The long axis and legs of 
the staple independently may be aligned with, or offset from, 
the long axis of the connective tissue. For example, the long 
axis of the staple may be aligned with the connective tissue, 
with the legs offset between about 15 and about 45 degrees. 
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Preferred staple configurations reduce the likelihood that the 
staple will loosen or pull out of the connective tissue, while 
enhancing healing. These configurations may additionally or 
alternatively bias the ends of the connective tissue toward one 
another, potentially enhancing repair. These configurations 
also may have relatively low surface profiles, to facilitate 
passage of the Stapled tissue through constriction sites such as 
pulleys and/or sheaths. 
0044 FIGS. 9 and 10 show two related exemplary con 
figurations, in which the interior surface of the anvil deflects 
and directs the legs of the Surgical staple 200 into a configu 
ration Such that at least one leg of the Staple is curled around 
the outer surface of the connective tissue 202. If two legs of 
the staple are so curled, each leg may curl in the same direc 
tion, or, as shown in FIG. 10, each may curl in a different 
direction 
0045 FIG. 11 shows another exemplary configuration, in 
which, as the tips of the surgical staple 200" exit the connec 
tive tissue 202, the anvil deflects and directs the staple tips 
back into the connective tissue, for one or both legs of the 
Staple. This configuration, in which the staple penetrates the 
connective tissue more than once, may provide additional 
strength to the tissue repair. This configuration also may 
reduce irritation of the tissues Surrounding the repair site, as it 
exposes a reduced amount of foreign material to that tissue. 
For example, if the connective tissue is a tendon, the reduced 
exposure to the staple materials may reduce irritation to the 
tendon sheath, and therefore reduce tendon adhesion during 
recovery. 

V. Additional Considerations 

0046 Staples may be used alone or together with other 
mechanisms, as necessary or desired to stabilize and repair 
injuries to connective tissue. For example, in some cases, 
tissue repair adequately may be effected by application of a 
Surgical Staple alone, so that additional medical procedures 
are unnecessary. This more likely will be true for simpler 
injuries, such as partial rather than complete severance. In 
other cases, tissue repair may be enhanced by inserting one or 
more additional Staples into the connective tissue bridging the 
site of the injury. The application of additional Staples may be 
improved by applying additional staples at distinct and non 
intersecting angles to each other. Additionally, or in the alter 
native, tissue repair may be enhanced by applying one or 
more Stitches or Sutures across the site of the injury, increas 
ing the strength of the repair. Sutures generally may be 
applied before the injured tissue is placed in the apparatus, 
while the tissue resides in the apparatus, and/or after the tissue 
is removed from the apparatus. Preferably, the stapler and/or 
Staple are configured to facilitate suturing. Thus, the stapler 
anvil may include one or more slots orports (see, e.g., slots 82 
in FIGS. 3 and 4) to facilitate the application of one or more 
Sutures to the injured connective tissue. These Sutures may be 
applied using materials and methods known in the art. Alter 
natively, or in addition, the Surgical staple itself may include 
a Suture and needle (see, e.g., FIG. 7) to facilitate application 
of Sutures across the site of the injury, preferably utilizing 
slots provided in the anvil. 
0047. The repair apparatus may be configured, in some 
embodiments, for a single use, for example, using one or 
more preloaded Staples. These embodiments may be prepack 
aged in a sterile wrapper. Thus, as needed, the repair appara 
tus could be removed from the sterile wrapper, used to deploy 
a staple into the injured connective tissue, and then discarded. 
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0048. The repair apparatus also may be configured, in 
other embodiments, for reloading additional staples, or dif 
ferent types of staples, for effecting multiple repairs, during 
the same or different Surgical procedures. For example, the 
repair apparatus may include a staple port for receiving new 
Staples, directly or via a clip or cassette that houses the 
Staples, so that a plurality of Surgical staples may be applied 
before the repair apparatus must be refilled with additional 
Staples. Alternatively, or in addition, the stapling apparatus 
may be configured to insert multiple staples into the connec 
tive tissue during a single stapling operation, typically at 
distinct angles. 
0049. The repair apparatus may be provided alone and/or 
as part of a Surgical kit for connective tissue repair. The kit 
optionally may include additional Supplies, such as Surgical 
Staples of one or more sizes or styles. The kit also may include 
additional tools and/or consumable Surgical Supplies that may 
be required for carrying out the connective tissue repair, Sub 
stantially as described above, Such as additional clamps and/ 
or other Surgical tools that may facilitate grasping and/or 
positioning the connective tissue that is being repaired. 
0050. The disclosure set forth above may encompass mul 

tiple distinct inventions with independent utility. Although 
each of these inventions has been disclosed in its preferred 
form(s), the specific embodiments thereof as disclosed and 
illustrated herein are not to be considered in a limiting sense, 
because numerous variations are possible. The Subject matter 
of the inventions includes all novel and nonobvious combi 
nations and Subcombinations of the various elements, fea 
tures, functions, and/or properties disclosed herein. The fol 
lowing claims particularly point out certain combinations and 
Subcombinations regarded as novel and nonobvious. Inven 
tions embodied in other combinations and Subcombinations 
of features, functions, elements, and/or properties may be 
claimed in applications claiming priority from this or a 
related application. Such claims, whether directed to a differ 
ent invention or to the same invention, and whether broader, 
narrower, equal, or different in scope to the original claims, 
also are regarded as included within the subject matter of the 
inventions of the present disclosure. 
We claim: 
1. A connective tissue repair apparatus, comprising: 
an anvil defining an axis and configured to receive and 

orient a band of connective tissue such that the band 
extends parallel to the axis; 

a staple driver configured to advance a first leg and a second 
leg of a Surgical staple through the band of connective 
tissue, which has been received and oriented by the 
anvil, such that the first and second legs enter the band at 
positions disposed along the band and are deflected by 
the anvil as they emerge from the band of connective 
tissue; and 

a trigger operatively connected to the staple driver, Such 
that actuating the trigger advances the staple. 

2. The connective tissue repair apparatus of claim 1, the 
connective tissue being severed, forming first and second 
severed ends, wherein the anvil is configured to align the first 
and second severed ends for stapling. 

3. The connective tissue repair apparatus of claim 1, the 
first and second legs of the Surgical staple having ends that 
penetrate through the connective tissue during stapling, 
wherein the anvil is configured to direct the ends back into the 
band of connective tissue after the ends have penetrated 
through the tissue. 
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4. The connective tissue repair apparatus of claim 1, the 
first and second legs of the Surgical staple having ends that 
penetrate through the connective tissue during stapling, 
wherein the anvil is configured to direct the ends around the 
exterior of the band of connective tissue after the ends have 
penetrated through the tissue. 

5. The connective tissue repair apparatus of claim 1, further 
comprising a connective tissue clamp operatively connected 
to the trigger, Such that actuating the trigger clamps the con 
nective tissue between the anvil and the clamp. 

6. The connective tissue repair apparatus of claim 5. 
wherein releasing the trigger releases the connective tissue 
from between the anvil and the clamp. 

7. The connective tissue repair apparatus of claim 1, further 
comprising a housing configured to cover at least a portion of 
the staple driver. 

8. The connective tissue apparatus of claim 7, wherein the 
housing includes a stapler port configured so that a staple may 
be loaded onto the stapler driver through the stapler port. 

9. The connective tissue apparatus of claim 1, wherein the 
connective tissue is a tendon. 

10. A tendon Stapler, comprising: 
a housing: 
an anvil configured to Support first and second ends of a 

severed tendon in alignment and abutment; 
a staple driver disposed at least in part within the housing, 

the staple driver configured to advance a Surgical Staple 
against the anvil through the first and second ends of the 
severed tendon so that tips of the staple enter the tendon 
at positions disposed along the tendon and are deflected; 
and 

a trigger, configured so that actuating the trigger advances 
the staple driver. 

11. The tendon stapler of claim 10, further comprising a 
clamp, configured so that advancing the staple driver urges 
the clamp against the anvil, securing the severed tendon. 

12. A kit for repairing an injured band of connective tissue, 
comprising: 

a connective tissue repair apparatus that includes: 
an anvil configured to receive and orient a band of connec 

tive tissue; 
a staple driver configured to advance a first leg and a second 

leg of a Surgical staple through the injured band of con 
nective tissue, with the band of connective tissue 
received and oriented by the anvil, such that the first and 
second legs enter the band at positions disposed along 
the band and are deflected by the anvil as they emerge 
from the band of connective tissue; and 

a trigger operatively connected to the staple driver, Such 
that actuating the trigger advances the staple; and 

at least one Surgical staple configured for use in the con 
nective tissue repair apparatus. 

13. The kit of claim 12, wherein the connective tissue repair 
apparatus incorporates exactly one Surgical staple, and may 
be used exactly once. 

14. The kit of claim 12, wherein the kit includes a plurality 
of Surgical staples. 

15. The kit of claim 12, wherein the surgical staple is 
incorporated in a cassette that includes a plurality of addi 
tional Surgical Staples. 
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