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(57) A staple and thread assembly to be driven into the bone by a power-driven stapler while the thread 1s attached
thereto, the stapler having a head section at 1ts forward end formed with a pointed tip for penetrating the bone when
driven 1nto 1t, and a shank section rearwardly of the head. The longitudinal axis of the shank section 1s offset from the
axis of the head section and 1s formed with a pair of transverse holes through which the thread 1s secured such that the
thread exits from the holes. The head section forms a protective shroud shielding the thread when driven with the staple
into the bone. The thread 1s secured to the shank section of the staple at a point closer to the staple tip than the rear end
of the staple. The staple 1s constructed from a metal possessing shape memory characteristics, and deforms from a
straight configuration at room temperature, to a curved configuration upon being subject to body heat upon
implantation into the body. The suture thread 1s secured to the shank section and, preferably, a recess 1s provided to
the shank section to protect the thread.
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Abstract

A staple and thread assembly to be driven into the
bone by a power-driven stapler while the thread is attached
thereto, the stapler having a head section at its forward
end formed with a pointed tip for penetrating the bone when
driven into it, and a shank section rearwardly of the head.
The longitudinal axis of the shank section is offset from
the axis of the head section and is formed with a pair of
transverse holes through which the thread is secured such
that the thread exits from the holes. The head section
forms a protective shroud shielding the thread when driven
with the staple into the bone. The thread is secured to
the shank section of the staple at a point closer to the
staple tip than the rear end of the staple. The staple is
constructed from a metal possessing shape memory
characteristics, and deforms from a straight configuration
at room temperature, to a curved configuration upon being
subject to body heat upon implantation into the body. The
suture thread 1s secured to the shank section and,
preferably, a reCess 1s provided to the shank section to

protect the thread.
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Staple And Thread Assembly Particularly For Use In Power-Driven

Staplers For Medical Suturing

The present invention relates to a staple and thread
assembly particularly useful in power-driven staplers for
medical suturing. The invention is especially useful in
treating urinary stress incontinence in a manner as described
in our prior patent application 103,737 filed in Israel Nov.
13, 1992, (E.P. 599,772 published June 1, 1994 and U.S. Patent

10 5,520,700, granted May 28, 1996), and is therefore described
below with respect to such an application, but it will be
appreciated that the invention could advantageously be used in
other applications as well.

As descrilbed in our patent application Serial No. 103,737,
filed Nov. 13, 1992, urinary stress incontinence, i.e., the
inabillity to control urination from the bladder, is a
distressing problem for more than ten percent of elderly women
as well as for many young women, and many surgical operations
have been devised to correct this condition. The above-cited

20 patent application discloses a technique to avoid a surgical
incision through the abdominal wall. A staple and a suture
thread are ejected through the vaginal wall of the subject to
enter the pubic borie, and the suture thread is used for
attaching and adjusting the location of the bladder neck and
the proximal urethra of the subject to the posterior wall of
the pubic bone. Such a technique thus eliminates the need for
an abdomilinal incision and minimizes damage to the anterior
vaginal wall. By ejecting the anchor/stapler into a bone, the
need to drill a hole in the bone is eliminated, as required in

30 previously-known techniques.

The present invention relates primarily to an improved
staple and thread assembly particularly useful in the above-

described technique, but also useful in other applications,
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such as 1in treating a recurrent shoulder dislocation

condition.

According to the present invention, there is provided a
staple and thread assembly for use in medical suturing,
comprising a staple having a head section with a
longitudinal axis, LAa, and a shank section with a
longitudinal axis, LAs. The head section is at the staple's
forward end, and is formed with a pointed tip for
penetrating a bone when driven into the bone. The shank
section 1s located immediately rearwardly of the head
section. The LAa of the head section is laterally offset
from the LAs of the shank section such that the head section
asymmetrically overhangs the shank section when the staple
1s driven into the bone. The shank section further
comprises suture holding means comprising at least one
transverse hole through which a thread is secured.

Another aspect of the present invention relates to a
staple and thread assembly for use in medical suturing,
comprising a staple having a head section, a shank section,
and a thread. The head section is at said staple's forward
end, and is formec with a pointed tip for penetrating a bone
when driven into the bone. The shank section is located
rearwardly of the head section. The thread extends from the
staple, and has two free ends. The shank section is
provided with a suture holding means. The suture holding
means comprises a pair of transverse holes separated by a
web portion of the shank section. The pair of transverse
holes comprises a first hole and a second hole. The thread
passes through the first hole of the pair of transverse
holes, extends over the web portion, and passes through the
second hole of the pair of transverse holes, such that the

thread 1s secured to the shank by the web. The staple is
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made from a shape memory alloy which is straight at room
temperature and curved when subjected to human body heat.

According to further features in the preferred
embodiment of the invention described below, the shank
section is formed with a closely-spaced pair of the
transverse holes separated by a web, the thread being passed
through one of the holes, looped around the web, and passed
out through the other hole such that it is secured to the
shank by the web and extends outwardly therefrom
perpendicularly to the longitudinal axis of the staple while
1ts point of securement to the staple is shielded by the
head section of the staple. 1In addition, the point of
securement of the thread to the staple is closer to the
pointed tip of the head section than to the rear end of the
shank section.

Many metal alloys are known possessing shape memory
characteristics, i.e., the ability of being deformed from an
original, heat-stable configuration to a second, heat-
unstable configuration such that application of heat alone
wlll cause the article to revert, or to attempt to revert,
from its heat-unstable configuration to its original heat-
stable configuration. This "memory" characteristic is a
consequence of the alloy undergoing a reversible
transformation from a martensitic state at room temperature

to an austenitic state when heated to the body temperature.

One material known for this purpose is a

nickel/titanium/vanadium alloy described, for example, in

Uu.S5. Pat. No. 4,505,767; other materials having this

characteristic are also known.

According to still further features in the described

preferred embodiment, the staple is made of a shape memory
alloy which 1s formable, non-elastic, and straight at room

temperature, and 135 curved and elastic when heated by a

3
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person's body temperature. Preferably, the shape memory
alloy is in the martensitic state at about room temperature
and reverts to the austenitic state when heated to about the
body temperature.

It will thus be seen that when a staple and thread
assembly constructed in accordance with the foregoing
features 1s driven into the object (e.g., the pubic bone
when used for treating a female subject for urinary-stress
incontinence in accordance with the method of the above-
cited patent application), the protective shroud formed by
the recess at the point of attachment of the thread to the
staple protects the thread from damage at the time it is
driven into the bone by the power-driven stapler. In
addition, after the staple has penetrated the pubic bone,
pody heat transforms the staple from its original straight
form (at the time it was driven into the bone) to a curved
form, thereby securely fixing the staple and thread within
the pubic bone. This manner of fixing the thread is further
enhanced by securing the thread to the shank section of the
staple at a point closer to the pointed tip, rather than to
the rear end of the staple, since, by securing the thread
nearer to the pointed tip, a pull-out force would tend to
rotate the staple and thereby to more securely anchor it to
the bone. This feature, as well as the use of a shape
memory alloy for the staple causing it to assume a curved,
elastic condition in the body, also decreases the
possibility that a pull-out force might sever the thread by
bringing it into contact with the edges of the staple.

The invention further provides a power-driven stapler
including the novel staple and thread assembly, and also a
method of treating a female subject for urinary stress

incontinence by the use of such a staple and thread

assembly.

T OO il el P b S L b A DR AR A AT AN S Mt nd S s R, M e il B0 e AT IR GAREE S W ST S A B SN Y ST Sl i AT AW e B - . . v - . el gemge BN wOu ebahoamlodl - allde



10

20

30

T e o i L SEIAMICCT T LI 4 N WO L A Y AT K e e MY adita L g

CA 02207739 1999-11-19

Further features and advantages of the invention will
be apparent from the description below. The invention 1S

further described, by way of example only, with reference to

the accompanying drawings, wherein:

FIG. 1 1llustrates a side view of one form of power

stapler device useful for ejecting the novel staple and

thread assembly of the present invention:
FIG. 2 1s a side elevational view, partly in cross

section, illustrating one form of staple and thread assembly

constructed 1in accordance with the present invention, the
assembly being shown in its condition at room temperature;

FIG. 3 1s a top plan view of the staple and thread
assembly of FIG. 2;

FIG. 4 1s a side elevational view 1llustrating the
staple of FIGS. 2 and 3 in its curved condition after having
been driven into the pubic bone of a subject and heated by
the subject's body heat;

FIGS. Sa-5e 1llustrate the various stages of the
stapler used for ejecting the staple and thread assembly of
FIGS. 2-4, the staple and a bone. The figures show the
driving of the staple and thread assembly into the pubic
bone of a subject; and,

FIGS. 6 and 7 are side plan views illustrating possible
variations in the construction of the staple and thread
assembly.

The stapler device illustrated in FIG. 1 is of
substantially the same construction as described in our U.S.
patent 5,520,700. It comprises a housing, generally
designated 2, including a handle 4 which is manually
grippable by the user. The illustrated stapler device is
pneumatically powered, and therefore includes a connector 6
at the bottom of the handle 4 for attaching thereto a tube 8

connectible to a source of pressurized air. Housing 2
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further includes an elongated barrel 10 having a straight
gulde 12 at its end for the staple 20 to be ejected.
Ejection of the staple 20 is effected by an ejector pin 16
which is driven into sharp impact against the base of the

staple 20 by the air pressure supplied through the

pressurized air tube 8. Handle 4 includes a trigger 18
which, when depressed, applies an air pressure pulse to
ejector pin 16 to cause it to impact against the base of
staple 20 and thereby to eject the staple out through the
end of straight quide 12.

As also described in the above-cited United States
patent, the staple 20 ejected from the guide at the end of
parrel 10 has a suture thread 30 secured to the staple and
ejected with it. When the power-driven stapler, and the
staple and thread assembly driven thereby, are used for
treating urinary stress incontinence, the staple is driven
through the patient's vaginal wall and into the pubic bone.
The thread 30 is then used for securing the bladder neck and
the proximal urethra of the subject to the posterior or
upper wall of the pubic bone.

FIGS. 2-4 1llustrate one form of novel assembly
including a staple 20 and a thread 30 secured thereto
constructed 1n accordance with the present invention and
providing important advantages when used in the above-
described technique, as will be set forth more particularly
below.

Thus, the staple 20 illustrated in FIGS. 2-4 includes a
head section 21 at its forward end formed with a pointed tip
22 for penetrating the object (e.g., the pubic bone) into
which 1t 1s driven, and a shank section 23 rearwardly of the
head section. In the construétion 1llustrated in FIGS. 2-4,

the longitudinal axis LAs of the shank section 23 is offset

from the longitudinal axis LAa of the head section 21 such
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that the shank section is offset at one side 23a from the
corresponding side of the head section 21, whereas the
opposite side 23b of the shank section is flush with the
other side of the head section.

The shank section 23, adjacent to its juncture with the
head section 21, is formed with a palr of closely-spaced
holes 24, 25 extending perpendicularly to the axis LAs of

the shank section. The two holes are separated by a web

portion 26 which is recessed at one side, namely side 23b of

the shank section, as shown at 27 in FIG. 2. Thils recess
accommodates the thickness of the thread so that the thread
does not extend bevyond side 23Db.

The suture thread 30 is passed through hole 24, looped
around the recessed end of web 26, and exits from hole 25,
as shown particularly in FIG. Z2.

The staple 20 illustrated in FIGS. 2-4 1is preferably
made of a shape memory alloy which is formable, non-elastic
and straight at room temperature (as shown in FIGS. 2 and 3)
and which becomes elastic and curved when heated to a higher
temperature, e.g., the subject's body temperature (as shown
in FIG. 4). Preferably, the shape memory alloy 1is 1n the
martensitic state at room temperature (FIGS. 2, 3) and
reverts to the austenitic state when heated by the body
temperature (FIG. 4). Such shape memory alloys are known,
as described for example in U.S. Pat. No. 4,505,767.

FIGS. 5S5a-5e illustrate how the staple and thread
assembly of the present invention is driven by the stapler
device of FIG. 1 into the pubic bone (or other bone) of a
subject, e.g., during a treatment for urilnary stress
incontinence as described in the above-cited U.S. patent.

Thus, FIG. 5Sa illustrates the staple in its original
straight condition as illustrated in FIGS. 2 and 3, 1.e., in

the martensitic state at room temperature wherein 1t 1s
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formable and non-elastic so that i1t can be inserted and
retained in the straight guide 12 of the power-driven
stapler of FIG. 1. While the staple is in its straightened
condition, and with the thread 30 looped around the web
portion 26, the staple is power-driven by ejector pin 16
(FIG. 1) through barrel 10 and straight guide 12 such that
the pointed end 22 of the staple penetrates through the
pubic bone PB (FIGS. 5a-5e). After it penetrates the pubic
bone, the body heat transforms the staple 20 from 1its

10 martensitic state to 1ts austenitic state, wherein it
becomes curved. (FIG. 5d). The thread 30 is then pulled in
an outward direction with respect to the pubic bone,
whereupon the staple rotates to the position illustrated in
FIG. 5e, thereby firmly anchoring the staple in the bone.

The thread 30 may then be used for securing the bladder neck

and proximal urethra to the pubic bone.
This construction for securing thread 30 to the staple
20 provides a number of important advantages. Thus, the
offset construction of shank 23 at the point of securement
20 of the thread thereto results in the head section 21 forming
a protective shroud which shields the thread 30,
particularly its point of securement via the two holes 24,
25 and the web 26, to the shank 23, thereby protecting the
thread and its point of attachment against damage at the
time the staple and thread assembly are driven by the power
stapler through the bone. The looped end of the thread 30
is also protected by the recessed configuration of the web
26 as shown at 27. .
In addition, using a shape memory alloy for the staple
30 as described above enables the staple to be in its straight
form when driven through the bone, and causes the staple to

assume its curved form as shown in FIG. 4, a consequence of

the body temperature effecting the martensite to austenite
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change. The change of staple shape occurs after it 1is
driven into the borie, thereby securely anchoring the staple
to the bone. In addition, by forming the point of
attachment of thread 30 to the staple, at a point closer to
the pointed tip 22 of the staple than the rear end of the

shank, a pull-out force turns the staple within the bone, as

shown in FIGS. 5d and 5e, thereby further securely anchoring
the staple to the bone. 1In addition, the described
structure decreases the possibility that a pull-out force
will cause the thread to engage an edge of the staple such

that it may become accidentally severed.

FIGS. 6 and 7 illustrate variations in the construction

of the staple, therein designated 120 and 220, respectively.
In the modification illustrated in FIG. 6, the staple 120,
when subjected to body heat and therefore when 1n 1ts
austenitic state, becomes curved such that the recess
shrouded by the head section 121 is on the concave face of
the shank section 123, rather than on its convex face as in
FIG. 4. In the modification illustrated in FIG. 7, the
recess defined by the head section 221, for producing the
protective shroud shielding the thread 230 at its point of
attachment to the shank section 223, is formed on both sides
of the shank section, rather than on only one side as 1in
FIG. 4. In all other respects, the staple and thread
assemblies illustrated in FIGS. 6 and 7 are otherwise
constructed and usaed in the same manner as described above
with respect to FIGS. 1-5e.

While the invention has been described with respect to
several preferred embodiments, it will be appreciated that
these are set forth merely for purposes of example, and that
many variations may be made. For example, the stapler could
be spring-loaded, in which case the spring would be first

manually compressed and then released by pressing a trigger
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to eject the staple. Other ways may be used, as known in
the art, for converting energy stored in a spring or in a

compressed gas to drive the staple. In addition, the barrel

of the stapler could be pre-curved, or could be flexible
enabling it to be curved, as may be desired or required for
specific applicat:ions. While the invention is particularly
useful for treating urinary stress incontinence in the
manner described above, the invention could also be used in
other applications, e.g., for treating a recurrent
dislocation of the shoulder.

Having described this invention with regard to specific
empbodiments, 1t 1s to be understood that the description is
not meant as a limitation since further variations or
modifications may be apparent or may suggest themselves to
those skilled in the art. It is intended that the present
application cover such variations and modifications as fall

within the scope of the appended claims.

10
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A staple and thread assembly for use in medical
suturing, comprising:
a staple having a head section with a longitudinal axis,
LAa, and a shank section with a longitudinal axis, LAs, said
head section being at said staple's forward end and being
formed with a pointed tip for penetrating a bone when driven
into the bone, said sharnk section being located immediately
rearwardly of said head section, said LAa of said head
section being laterally offset from said LAs of said shank
section such that said head section asymmetrically overhangs
sald shank section when said staple is driven into the bone,
sald shank section further comprising suture holding means
comprising at least one transverse hole through which a

thread 1s secured.

2 . The staple and thread assembly claimed in claim 1,
wherein sald suture holding meahs comprises a pair of
transverse holes separated by a web, said thread being
passed through the first hole of said pair of transverse
holes, looped around said web, and passed out through the
second hole of said pair of transverse holes, such that said
thread is secured to said shank by said web and extends at

an angle to the longitudinal axis of said staple.

3. The staple and thread assembly claimed in claim 2,
whereln said web is recessed from one side of said shank

section.

4 . The staple and thread assembly claimed in claim 3,
wherein said web is recessed by about the thickness of said

thread.
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5. The staple and thread assembly claimed in any one
of claims 1 to 4, wherein said shank section is offset with

respect to sald head section on only one side of said shank

section.

6. The staple and thread assembly claimed in any one
of claims 1 to 5, wherein one side of said shank section of
said staple is flush with the first side of said head
section, and the opposite side of said shank section is
offset with respect to the opposite side of said head

section to thereby define said protective shroud shielding

sald thread.

7. The starle and thread assembly claimed in any one
of claims 1 to 6, wherein said thread is secured to said
shank section by said suture holding means located at a
position closer tc the pointed tip of said head section than

to said rear end cf said shank section.

8. The starle and thread assembly claimed in any one
of claims 1 to 7, wherein said staple is made of a shape
memory alloy which 1is Substantially straight at room

temperature, and curved when heated by human body heat.

9. The staple and thread assembly claimed in claim 8,
whereilin said shape memory alloy 1s in the martensitic state
at approximately room temperature and transforms to the

austenitic state when heated to approximately human body

temperature.

10. A staple and thread assembly for use in medical

suturing, comprising:
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a staple having a head section, a shank section, and a

thread, said head section being at said staple's forward end
and being formed with a pointed tip for penetrating a bone
when driven into the bone, said shank section being located
rearwardly of said head section, said thread extending from
sald staple, said thread having two free ends, said shank
section being provided with a suture holding means, said
suture holding means comprising a pair of transverse holes
separated by a web portion of said shank section, said pair
Oof transverse holes comprising a first hole and a second
hole, sald thread passing through said first hole of said
palr of transverse holes, extending over said web portion,
and passing through said second hole of said pair of
transverse holes, such that said thread is secured to said
shank by sald web, said staple being made from a shape
memory alloy which is straight at room temperature and

curved when subjected to human body heat.

11. The staple and thread assembly claimed in claim
10, whereln said shape memory alloy is in the martensitic
state at approximately room temperature and is in the
austenitic state when heated to approximately human body

temperature.

12. The staple and thread assembly claimed in claim 10
or 11, wherein said heac section has a longitudinal axis,
LAa, and sailid shank section has a longitudinal axis, LAs,
salid LAa of said head section being laterally offset from
sald LAs of said shank section such that said head section
asymmetrically overhangs said shank section when said staple

1s driven into the bone.

13. The staple and thread assembly claimed in claim

10, 11 or 12, wherein said shank section is formed with at
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least one transverse hole 1n which said thread is secured
such that said thread exits from said transverse hole at an

angle to the longitudinal axis of said shank section.

14. The staple and thread assembly claimed in any one
of claims 10 to 13, wherein said head section forms a
protective shroud shielding said thread when said staple is

driven into a bone.

1>. The staple and thread assembly claimed in any one

of claims 10 to 14, wherein said shank section has a recess

for accommodating the thickness of said thread.

l6. The staple and thread assembly claimed in any one
of claims 10 to 15, wherein said shank section is flush with

one side of said head section.

17. The staple and thread assembly claimed in any one
of claims 10 to 1€, wherein the longitudinal axis of said
head section is offset from the longitudinal axis of said

shank section.

18. The staple and thread assembly claimed in any one
of claims 10 to 17, wherein said shank section is convex

with respect to the free ends of said thread after the

application of human body heat.

19. The staple and thread assembly claimed in any one
of claims 10 to 17, wherein said shank section is concave
with respect to the free ends of said thread after the

application of human body heat.
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