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METHOD OF SECURING BODY TISSUE 

RELATED APPLICATION 

This application is a divisional of US. patent application 
Ser. No. 09/789,621, ?led Feb. 21, 2001 now US. Pat. No. 
6,635,073. The aforementioned application Ser. No. 09/ 789, 
621 is a continuation-in-part of US. patent application Ser. 
No. 09/556,458, ?led May 3, 2000 now US. Pat. No. 
6,592,609 by Peter M. Bonutti and entitled “Method and 
Apparatus for Securing Tissue”. The bene?t of the earlier 
?ling dates of the aforementioned applications is hereby 
claimed for all subject matter common to this application 
and the aforementioned applications. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of securing 
tissue in a body of a patient. The method may be utiliZed to 
secure soft body tissues, hard body tissues, or to secure both 
soft and hard body tissues. 
Many different devices have previously been utiliZed to 

secure body tissues. Many of these devices have utiliZed 
anchors Which engage either soft body tissue or hard body 
tissue to hold a suture in a desired location relative to the 
body tissue. Various methods and devices for use in posi 
tioning anchors relative to either soft or hard body tissues are 
disclosed in US. Pat. Nos. 5,403,348; 5,464,426; 5,534,012; 
5,593,425; 5,718,717; and 5,948,002. The devices and meth 
ods disclosed in these patents have been generally satisfac 
tory in securing either soft, hard, or hard and soft body 
tissues. Other devices and methods for securing body tissues 
are disclosed in US. Pat. Nos. 4,235,238; 4,448,194; 4,669, 
473; 5,085,661; and 5,372,146. 

SUMMARY OF THE INVENTION 

The present invention relates to a neW and improved 
method of securing a ?rst body tissue With a second body 
tissue. The ?rst body tissue may be a soft body tissue and the 
second body may be a hard body tissue. Alternatively, the 
?rst and second body tissues may both be soft body tissues. 
It is also contemplated that both the ?rst and second body 
tissues could be hard body tissues. 
When the ?rst and second body tissues are to be inter 

connected, a ?rst anchor is moved into the second body 
tissue. If desired, the ?rst anchor could be moved into and 
through the second body tissue. A second anchor is also 
moved into the second body tissue. If desired, the second 
anchor could be moved into and through the second body 
tissue. The ?rst body tissue may be pressed against or 
otherWise secured With the second body tissue under the 
in?uence of force transmitted from the suture to the ?rst 
body tissue. 

The suture Which extends betWeen the anchors may be 
tensioned by moving at least one of the anchors into the 
body tissue along a path Which extends transverse to a path 
along Which the other anchor is moved into the body tissue. 
The paths along Which the anchors move into the body tissue 
may extend toWard each other. The transverse paths of 
movement of the anchors into the body tissue promotes 
gripping of body tissue With the anchors and suture and 
promotes tensioning of the suture as the anchors move into 
the body tissue. Although it is believed that it may be desired 
to move the anchors into the body tissue along transverse 
paths, it is contemplated that the anchors could be moved 
into the body tissue along parallel paths if desired. 
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2 
A desired tension may be established in the suture by 

moving the anchors into the body tissue. Alternatively, a 
desired tension may be established in the suture by applying 
force to portions of the suture and then interconnecting the 
portions of the suture. A retainer or a knot may be utiliZed 
to interconnect portions of the suture. 

Regardless of hoW the tension is established in the suture, 
it may be desired to establish a predetermined tension in the 
suture. This may be done by determining the tension in the 
suture as the anchors are moved into the body tissue. 
Alternatively, the tension in the suture may be determined 
during movement of a retainer relative to portions of the 
suture prior to gripping of the suture With the retainer. 
The suture may be a continuous loop Which extends 

betWeen the tWo anchors. The tension in the loop may be 
determined as one or more of the anchors are moved into the 
body tissue. Alternatively, the suture may be formed by a 
pair of separate portions Which are tensioned after the 
anchors are moved into the body tissue. 

One or more guides may be utiliZed to facilitate position 
ing of the anchors for movement along paths disposed in a 
desired spatial relationship With the body tissue. The guides 
may have tubular guide surfaces With central axes Which 
extend transverse to each other. 

Leading end portions of the anchors may be utiliZed to 
initiate the formation of openings in the ?rst and/or second 
body tissue. The leading end portion of each of the anchors 
may be utiliZed to pierce soft body tissue, a hard outer layers 
of bone, and/or cancellous bone as the anchor is moved into 
the body tissue. If either or both of the anchors are associated 
With body tissue Which is bone, one or more of the anchors 
may be supported in a spaced apart relationship With a hard 
outer layer of bone by cancellous bone Which is enclosed by 
the hard outer layer of bone. If desired, passages for the 
anchors may be formed With a drill or similar tool. 

The anchors may advantageously be interconnected While 
they are disposed in the body tissue. When this is done, the 
anchors may be moved along transverse paths Which inter 
sect in the body tissue. The anchors may be interconnected 
at the intersection betWeen the tWo paths. 

There are a plurality of embodiments of the invention. 
Each embodiment of the invention has one or more features 
Which may be advantageously utiliZed With one or more of 
the other embodiments of the invention. It is contemplated 
that the various features of the embodiments of the invention 
may be utiliZed separately or combined in any one of many 
different combinations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the invention Will 
become more apparent upon a consideration of the folloWing 
description taken in connection With the accompanying 
draWings Wherein: 

FIG. 1 is a fragmentary schematic illustration depicting 
the relationship betWeen a plurality of anchors and body 
tissue prior to movement of the anchors into the body tissue; 

FIG. 2 is a fragmentary schematic illustration depicting 
the manner in Which one of the anchors of FIG. 1 is 
positioned relative to body tissue prior to initiation of 
formation of an opening in body tissue With a leading end 
portion of the anchor; 

FIG. 3 is a fragmentary schematic vieW illustrating the 
manner in Which the anchor of FIG. 2 is moved through ?rst 
body tissue into second body tissue; 
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FIG. 4 is a fragmentary schematic illustration illustrating 
the manner in Which the anchor of FIG. 3 is moved deeper 
into the second body tissue; 

FIG. 5 is a fragmentary schematic illustration depicting 
the manner in Which the orientation of the anchor of FIG. 4 
is changed relative to the body tissue after the anchor has 
been moved to a desired depth in the body tissue; 

FIG. 6 is a schematic fragmentary illustration, generally 
similar to FIG. 3, illustrating the manner in Which a second 
one of the anchors of FIG. 1 is moved through ?rst body 
tissue into second body tissue; 

FIG. 7 is a fragmentary schematic illustration, generally 
similar to FIG. 4, depicting the manner in Which the anchor 
of FIG. 6 is moved deeper into the body tissue; 

FIG. 8 is fragmentary schematic illustration, generally 
similar to FIG. 5, depicting the manner in Which the orien 
tation of the anchor of FIG. 7 is changed after the anchor has 
been moved to a desired depth in the body tissue; 

FIG. 9 is a fragmentary schematic illustration depicting 
the relationship betWeen the anchors of FIG. 1 and a suture 
extending betWeen the anchors after the anchors have been 
moved into the body tissue; 

FIG. 10 is schematic illustration, generally similar to FIG. 
9, depicting the manner in Which the suture extending 
betWeen the anchors is tensioned With a predetermined force 
and in Which a retainer is deformed to grip portions of the 
suture; 

FIG. 11 is a fragmentary schematic illustration, generally 
similar to FIGS. 1 and 9, depicting the manner in Which a 
pair of anchors interconnected by a continuous loop of 
suture are positioned relative to body tissue and the loop is 
tensioned during positioning of the anchors relative to the 
body tissue; 

FIG. 12 is a fragmentary schematic illustration, generally 
similar to FIG. 6, illustrating the relationship betWeen an 
anchor of FIG. 11 and an apparatus Which is utiliZed to effect 
movement of the anchor into body tissue and to measure 
tension in the continuous loop of suture extending betWeen 
the anchors of FIG. 11; 

FIG. 13 is a schematic illustration, generally similar to 
FIG. 11, illustrating the manner in Which a guide assembly 
is utiliZed to position anchors relative to body tissue; 

FIG. 14 is a schematic illustration depicting the manner in 
Which a thin elongated member is utiliZed to guide move 
ment of an anchor into body tissue; 

FIG. 15 is a fragmentary schematic illustration depicting 
the manner in Which a second thin elongated member is 
utiliZed to guide movement of a second one of the anchors 
of FIG. 14 into the body tissue; 

FIG. 16 is a fragmentary schematic illustration, similar to 
FIG. 13, of another embodiment of a guide assembly Which 
is utiliZed to position anchors relative to body tissue and 
depicting the manner in Which tubular guide members 
extend through ?rst body tissue into second body tissue; 

FIG. 17 is a fragmentary schematic illustration depicting 
the manner in Which anchors are utiliZed to repair a fracture 

in a bone; 
FIG. 18 is a schematic illustration of another embodiment 

of the anchor; 
FIG. 19 is an illustration of still another embodiment of 

the anchor; 
FIG. 20 is a fragmentary schematic illustration, generally 

similar to FIG. 9, illustrating the manner in Which anchors 
are interconnected at an intersection betWeen transverse 

paths along Which the anchors are moved into body tissue; 
FIG. 21 is an enlarged fragmentary vieW of a portion of 

FIG. 20 and illustrating hoW the anchors are interconnected 
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4 
at the intersection of the paths along Which the anchors are 
moved into in the body tissue; 

FIG. 22 is a fragmentary schematic illustration, generally 
similar to FIG. 21, illustrating the manner in Which another 
embodiment of the anchors are interconnected at the inter 
section betWeen the paths along Which the anchors are 
moved into the body tissue; and 

FIG. 23 is a fragmentary sectional vieW, generally similar 
to FIG. 12, illustrating the manner in Which another embodi 
ment of the anchors may be utiliZed to secure body tissues. 

DESCRIPTION OF SPECIFIC PREFERRED 
EMBODIMENTS OF THE INVENTION 

General Description 
An apparatus 10 (FIG. 1) is used to secure ?rst human 

body tissue 12 With second human body tissue 14. In the 
illustration of FIG. 1, the ?rst body tissue 12 is soft body 
tissue and the second body tissue 14 is hard body tissue. 
HoWever, it should be understood that both the ?rst body 
tissue 12 and the second body tissue 14 could be soft body 
tissue if desired. Alternatively, both the ?rst body tissue 12 
and the second body tissue 14 could be hard body tissue. 
The apparatus 10 includes a plurality of suture anchors 18 

and 20. Although only tWo suture anchors 18 and 20 have 
been illustrated in FIG. 1, it should be understood that a 
greater number of suture anchors could be provided if 
desired. For example, it is contemplated that three anchors 
could be provided if desired. 
The apparatus 10 also includes a suture 24 Which extends 

betWeen the suture anchors 18 and 20. Although the illus 
trated suture 24 is integrally formed as one piece and extends 
betWeen the anchors 18 and 20, it is contemplated that the 
suture 24 could be formed by a plurality of separate portions 
each of Which is connected With one of the anchors. Thus, 
a ?rst segment of a suture could be connected With the left 
suture anchor 18 and a second segment of a suture could be 
connected With the right suture anchor 20. 
When the ?rst and second body tissues 12 and 14 are to 

be interconnected, the suture anchors 18 and 20 are moved 
through the ?rst body tissue 12 into the second body tissue 
14. If desired, the suture anchors 18 and 20 could be moved 
into and through the second body tissue 14. 
When the anchor 18 is to be moved into the body tissue 

12, the anchor may be positioned in an inserter 28 and 
pressed against the body tissue 12 by a pusher member 30 
(FIG. 2). A trailing end portion 32 of the anchor 18 is 
positioned in the inserter 28 and is engaged by the pusher 
member 30. A pointed leading end portion 34 of the anchor 
18 extends from the inserter 28. 

In the embodiment illustrated in FIG. 2, the inserter 28 has 
a tubular con?guration and the pusher member 30 is tele 
scopically inserted into the inserter. HoWever, if desired, the 
inserter 28 could have a different con?guration and could be 
constructed in such a manner as to perform the function of 
the pusher member 30. For example, the inserter 28 could be 
constructed could be a solid rod With a gripper at one end of 
the rod. This inserter Would grip and apply axial force 
against a trailing end portion 32 of the anchor 18. 
When the anchor 18 is to be moved into the body tissue 

12, the leading end portion 34 of the anchor 18 initiates the 
formation of an opening in the body tissue 12. Force applied 
against the trailing end portion 32 of the anchor 18 by the 
pusher member 30 causes the anchor to pierce the body 
tissue 12. As the anchor 18 moves through the body tissue 
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12, the leading end portion 34 of the anchor moves into 
engagement With the body tissue 14. 

The leading end portion 34 of the anchor 18 initiates the 
formation of an opening in the body tissue 14. Force applied 
against the trailing end portion 32 of the anchor 18 by the 
pusher member 30 moves the leading end portion of the 
anchor into the body tissue 14 (FIG. 3). Continued axial 
movement of the pusher member 30 relative to the inserter 
28 moves the anchor 18 deeper into the body tissue 14 (FIG. 
4). As the anchor 18 moves into the body tissue 14, the 
leading end portion 34 of the anchor pierces the body tissue. 
The anchor 18 may be moved along a linear or nonlinear 
path in the body tissues 12 and 14. 

In the embodiment of the invention illustrated in FIGS. 
1*10, the anchor 18 is utiliZed to form its oWn passage in the 
body tissues 12 and 14. HoWever, a drill or other tool could 
be utiliZed to form a passage for the anchor 18 in either the 
body tissue 12 or 14 or in both of the body tissues. 

Once the anchor 18 has moved into the body tissue 14, the 
anchor may be toggled from the orientation shoWn in FIG. 
4 to the orientation shoWn in FIG. 5 relative to the body 
tissue 14. Changing the orientation of the anchor 18 relative 
to the body tissue 14 increases the ability of the anchor to 
Withstand pull out force applied against the anchor by the 
suture 24. 
The anchor 20 (FIG. 1) is inserted into the body tissue in 

the same manner as previously described in conjunction 
With the anchor 18. Thus, the anchor 20 is positioned in an 
inserter 38 (FIG. 6) and is engaged by a pusher member 40. 
The pusher member 40 engages a trailing end portion 42 of 
the anchor 20. 

The pusher member 40 presses a pointed leading end 
portion 44 of the anchor 20 against the body tissue 12 to 
initiate the formation of an opening in the body tissue. The 
anchor 20 then moves through the body tissue 12 and moves 
into engagement With the body tissue 14. The continued 
application of force against the trailing end portion 42 of the 
anchor 20 by the pusher member 40 causes the leading end 
portion 44 of the anchor to initiate the formation of an 
opening in the body tissue 14. 
As the anchor 20 moves deeper into the body tissue 14, 

the anchor pierces the body tissue in the manner illustrated 
in FIG. 7. The anchor 20 may be moved along a linear or 
nonlinear path in the body tissue 14. 

Once the anchor 20 has moved into the body tissue 14, the 
orientation of the anchor relative to the body tissue is 
changed With a toggling action. Thus, the orientation of the 
anchor 20 is changed from the orientation illustrated in FIG. 
7 to the orientation illustrated in FIG. 8. Changing the 
orientation of the anchor 20 relative to the body tissue 
increases the ability of the anchor to Withstand pull out 
forces transmitted through the suture 24. 
Once both anchors 18 and 20 have moved through the 

body tissue 12 into the body tissue 14, the pusher members 
30 and 40 (FIGS. 4, 5, 7, and 8) are WithdraWn from the body 
tissue. It is contemplated that the anchors 18 and 20 may be 
either sequentially moved into the body tissue 12 and 14 or 
simultaneously moved into the body tissue 12 and 14. If the 
anchors 18 and 20 are sequentially moved into the body 
tissue 12 and 14, the same inserter and pusher member may 
be utiliZed to move both of the anchors into the body tissue. 
If the anchors 18 and 20 are simultaneously moved into the 
body tissue 12 and 14, separate inserters 28 and 38 and 
pusher members 30 and 40 may be used to move the anchors 
into the body tissue. If desired, the inserters 28 and 38 and 
pusher members 30 and 40 may be interconnected and form 
portions of an inserter assembly. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Although it is believed that it Will be desired to pivot the 

anchors 18 and 20 from the orientations illustrated in FIGS. 
4 and 7 to the orientations shoWn in FIGS. 5 and 8, the 
anchors 18 and 20 may be left in the orientations shoWn in 
FIGS. 4 and 7 if desired. It is believed that pivoting the 
anchors 18 and 20 to the orientations shoWn in FIGS. 5 and 
8 Will enable the anchors to remain stationary relative to the 
body tissue 14 When relatively large tension forces are 
transmitted to the anchors through the suture 24. 
The suture 24 (FIG. 9) is integrally formed as one piece 

and includes a connector portion 48 Which extends betWeen 
the tWo anchors 18 and 20. In addition, the suture 24 
includes a leg portion 50 Which extends from the anchor 18. 
The suture 24 also includes a leg portion 52 Which extends 
from the anchor 20. A suture retainer (crimp) 54 is utiliZed 
to interconnect the leg portions 50 and 52 of the suture 24. 
Alternatively, the leg portions 50 and 52 may be tied 
together in a knot to interconnect the leg portions. If desired, 
the leg portions 50 and 52 could be bonded together by the 
application of ultrasonic vibratory energy directly to the leg 
portions. 
When the leg portions 50 and 52 of the suture 24 are to 

be interconnected With the retainer 54, the suture 24 may be 
tensioned With a force application assembly 60 (FIG. 10). 
The force application assembly 60 applies a predetermined 
force, indicated schematically by an arroW 62 in FIG. 10, to 
the leg portions 50 and 52 of the suture 24. The predeter 
mined force 62 has a magnitude Which is a function of the 
siZe and strength of the suture 24. 
The suture retainer 54 is pressed against the body tissue 

12 by a force application member 66. Forces, indicated 
schematically at 70 and 72 in FIG. 10, are transmitted 
through the force application member 66 to the suture 
retainer 54 to press the suture retainer against the body tissue 
12. The magnitude of the forces indicated by the arroWs 70 
and 72 and applied to the suture retainer 54 by the force 
application member 66, are a function of the siZe and 
strength of the suture 24. 
While the suture 24 is being tensioned under the in?uence 

of force 62 and While the suture retainer 54 is being pressed 
against the body tissue 12 under the in?uence of forces 70 
and 72, the suture retainer 54 is plastically deformed to 
?rmly grip the suture 24. To plastically deform the suture 
retainer 54, a pair of force application members 76 and 78 
are pressed against opposite sides of the suture retainer 54. 
The force With Which the force application members 76 and 
78 are pressed against the suture retainer 54 is indicated 
schematically by arroWs 80 and 82 in FIG. 10. The force 
applied against the suture retainer 54 by the force applica 
tion members 76 and 78 plastically deforms the material of 
the suture retainer While the suture retainer is being pressed 
against the body tissue 12 by the force application member 
66 and While the suture is being tensioned by the force 
application assembly 60. 

In the embodiment of the invention illustrated in FIGS. 
1*10, the anchors 18 and 20 are embedded in the body tissue 
14 (FIG. 10). HoWever, the anchors 18 and 20 could be 
moved through the body tissue 14 if desired. This Would 
result in the anchors 18 and 20 engaging an outer surface of 
the body tissue 14. 
When the body tissue 12 and 14 are both soft body tissues, 

it is contemplated that the body tissues could be placed in 
apposition. Once the soft body tissues 12 and 14 have been 
approximated, the anchors 18 and 20 Would be moved 
through the body tissue 12 into the body tissue 14. If desired, 
the anchors 18 and 20 could be moved through the body 
tissue 14. 




































































