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TRANSOSSEOUS ATTACHMENT METHOD AND INSTRUMENTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of US Provisional Patent Application No.
61/706,921, filed 28 September 2012, and US Provisional Patent Application No. 61/837,713,

filed 21 June 2013, both of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates to techniques and instruments for surgical transosseous

attachments.

[0003] This invention pertains to the attachment of, for example, ligaments, tendons,
fascia, and muscle to an adjacent bone to effect a repair of a joint. Typical joints of a patient’s
body subjected to repair are the hands and feet, ankle, wrist, knee, elbow, hip, shoulder and spine.
As a primary example, it is necessary to pass a suture through a portion of a bone to form a
transosseous attachment to the bone. This invention is especially useful in arthroscopic surgical
procedures for attaching a tendon of a rotator cuff muscle to the humerus bone for repairing a

damaged shoulder joint, and is therefore described hereinafter with respect to such a procedure.

[0004]  The tunneler instruments of the prior art are at a disadvantage in that they

require excessive procedural steps to form the intersecting tunnels and transosseously pass suture
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through the intersecting tunnels. In addition, the prior art tunneler instruments cannot assure
quick and effective transosseous placement and passing of the suture each and every attempt, and
in addition, the prior art tunneler instruments are generally single use instruments which cannot

be readily disassembled, disinfected and reused.

SUMMARY OF THE INVENTION

[0005] The present invention provides a method and apparatus for forming first and
second transverse, intersecting bone tunnels and transosseously placing or passing a suture
through the tunnels. A suture retriever spike having a window therethrough is inserted into one
of the tunnels and aligned such that the window is aligned with the bore of the other of the
tunnels. Suture is passed into the other tunnel with a suture passer and on through the spike
window and there deposited. The spike is then removed from the one tunnel with the suture

passed through the spike window, thereby transosseously retrieving the suture.

[0006] The first tunnel, normally a medial tunnel, may be formed by driving the suture
retricver spike as an awl into the bone. The other or second tunnel, generally referred to as the
lateral tunnel, may be created by driving a suture passer awl carrying suture into the bone and
through the suture retriever spike window, thereby eliminating extra steps in the procedure by
eliminating the need for first drilling the lateral tunnel. The suture passer awl is thereafter
withdrawn while depositing the suture in the other or second tunnel, including the window of the

suture retriever spike.
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[0007] The tunneler instrument for accomplishing the method of the present invention
includes a guide handle having a proximal end for manual grasping and a distal end for
engagement with the bone to which a suture is to be attached. The instrument further includes
an independent suture retriever spike having a window therein, and the spike is received in the

first or medial tunnel, preferably by driving the spike into the bone as an awl to thereby form the

medial tunnel and minimize procedural steps.

[0008] A guide arm is carried at the distal end of the guide handle and the guide arm
has a distal tip spaced from the outer surface of the distal end of the guide handle. The distal tip
of the guide arm is configured for guided and oriented connection with the exposed proximal
head of the suture retriever spike. This locks the suture retriever spike with the guide handle and
thereby aligns the window of the spike with a central guide bore passing through the guide
handle. This central bore is provided for receiving a bone tunneling implement to form a second
or lateral tunnel in the bone which passes through the window of the implanted suture retriever

spike.

[0009] The distal end of the guide handle is intended for engagement with the bone and
is adjustably extendable relative to the remainder of the handle. This distal end of the handle is
preferably provided with sharp teeth for securely engaging the bone surface. This adjustably
extendable distal end of the guide handle is biased under spring pressure in or to a forward
position or direction relative to the remainder of the guide handle. Thus once the suture retriever
spike is engaged with the guide arm, the forward bone engaging tip of the distal end of the guide
handle snugly engages the bone’s surface to prevent slippage, and it is assured that the handle

guide bore is aligned with the window of the suture retriever spike.
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[0010] The guide arm secured to the spike head is pivotally connected to the forward
end of the guide handle so that the guide arm may pivot in a plane which incorporates the
transverse intersecting axis of the spike and the axis of central guide bore of the handle, or in the
plane of the first and second or medial and lateral tunnels. This permits the surgeon to position
the lateral tunnel at a desired angle with respect to the medial tunnel as desired, yet insures that

the lateral tunnel will properly intersect with the medial tunnel and the suture retriever window.

[0011] To assist in retaining the passed suture in the suture retriever spike window, a
suture engaging device or membrane may be provided and retained in the spike window. This
ensures engagement and retention of the suture within the spike window as the suture passer is

withdrawn from the spike window.
BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Other objects and advantages appear hereinafter in the following description
and claims. The accompanying drawings show, for the purpose of exemplification, without
limiting the scope of the present invention and the appended claims, certain practical

embodiments of the invention wherein:

[0013] FIG. 1 is a perspective view of a set of instruments which comprise the tunneler

according to the present invention;

4-



WO 2014/051930 PCT/US2013/057485

[0014] FIG. 2 isanenlarged perspective view of the forward tip portion of the tunneler,
illustrated in FIG. 1 without the inclusion of the suture retriever spike and the suture pusher awl

instruments;

[0015] FIG. 3 is an enlarged perspective view of the forward tip portion of the tunneler

instrument assembly shown in FIG. 1;

[0016] FIG. 4 is an enlarged perspective view of the rearward face of the suture

retriever spike instrument utilized in the combination shown in FIG. 1;

[0017] FIG. 5 is anenlarged perspective view illustrating the forward face of the suture

retriever spike instrument shown in FIG. 4;

[0018] FIG. 6 is an enlarged top view of the suture retriever spike instrument shown

in FIG. 4;

[0019] FIG. 7 is a perspective view of the driver instrument utilized to drive and insert

the attached suture retriever spike shown in FIG. 4 into bone to create a first or medial tunnel;

[0020] FIG. 8 is an enlarged perspective view of the forward end of the driver
instrument shown in FIG. 7 with the suture retriever spike instrument shown in FIG. 4 attached

to the forward end thereof;
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[0021]  FIG. 9 is an enlarged perspective of the forward tip portion of the driver

instrument shown in FIG. 7 without the suture retriever spike attached;

[0022] FIG.10is a perspective view of the suture pusher awl instrument utilized in the

combination shown in FIG. 1;

[0023] FIG.11 is an enlarged perspective view of the forward tip portion of the suture

pusher awl instrument shown in FIG. 10;

[0024] FIG. 12 is an enlarged perspective view of the forward tip portion of the suture

pusher awl of FIG. 10 shown from the bottom side thereof and with the suture removed; and

[0025] FIG. 13 is a side view in partial section illustrating the application of the

instruments of the present invention to a humeral head.

DETAILED DESCRIPTION OF THE DRAWINGS

[0026] The following illustrated example depicts instruments and techniques to pass
a suture through a portion of the head of the humeral bone at the shoulder of a human patient to
repair damaged soft tissue associated with the shoulder joint. However, instruments and
techniques according to the present invention may be used to pass a suture through any bone, at

surgical sites anywhere in a patient’s body, and for any purpose.
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[0027]  Referring to the drawings, the tunneler instrument 10 is a combination of
instruments used for the creation of converging tunnels in bone (transosseous tunneling), both
arthroscopically or with open techniques. For illustration purposes only, the tunneler 10 of the

present invention is illustrated in the creation of tunnels in the humeral head 11 as shown in FIG.

13 to allow for the repair of a torn rotator cuff.

[0028]  The tunneler instrument 10 consists of three primary components, a suture
retriever spike 12 (which serves as a guide reference for the tunneler instrument 10), a guide
handle 13, and a suture pusher awl 14. These three instruments work together to create two
converging tunnels of different length and angles within bone and transosseously pass suture
through the tunnels, with fewer steps and greater reliability and repeatability than is possible

through the use of current techniques.

[0029] The suture retriever spike 12 is used to create the first or medial tunnel 15 (FIG.
13) in the humeral head 11. The suture retriever spike 12 is comprised of a rigid cylindrical body
16 constructed of surgical stainless steel or other suitable material, with a sharp distal tip 17
provided for piercing bone as an awl, and a flat proximal head 18 meant to sit on the outer
surface 19 of bone 11. A window 20 is provided in the mid section of spike 12 to allow passage
of the complimentary suture pusher awl 14, which is used to create the second converging lateral

tunnel 21, as well as for passing suture 22 through the lateral tunnel.

[0030] The head 18 of suture retriever spike 12 is cannulated axially as indicated at 23
and slotted radially at 24 to allow for mounting of the spike 12 onto the distal connecting end 25

of driver 29 (FIGS. 7, 8 and 9) for driving spike 12 into the bone 11. A tooth 26 is provided on
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the distal connecting end 25 of driver 29 which cooperatively fits into the slot 24 of spike 12 to
prevent rotation of the spike 12 relative to the driver 29. The same slot 24 also, after the suture
retriever spike 12 is imbedded in bone 11, receives the rigid guide arm 27 of guide handle 13 and
thereby orients and aligns the spike 12 as desired and prevents yaw and roll of the guide handle
13 relative to spike 12, but allows for vertical pivotal rotation or pitch of the guide handle relative
to the spike as indicated by arrow 28. This coupling arrangement between guide arm 27 and
spike 12 also aligns the window 20 of spike 12 with the axis of the guide bore 42 for receiving
suture pusher awl 14 in guide handle 13 so that the tip of suture pusher awl 14 aligns with and

will pass through window 20 of spike 12.

[0031] A long loop 30 of suture or wire is secured via passages 43 to head 18 of spike
12 and permits the surgeon or assistant to pull the spike 12 out of the bone 11 when desired to
retrieve suture 22. The end of this loop 30 stays well outside of the body at all times, allowing

the surgeon or assistant to readily grab it with their hand and pull.

[0032] The window 20 in the middle section of spike 12 is filled with a suture engaging
membrane 35 (FIG. 3) which may be silicone or a similar semi-solid substance, or alternatively
may be a mechanical device such as a spring or trap door which permits the spike 12 to actively
grasp suture 22 that is passed by suture pusher awl 14 through the window 20. Such a trapdoor
would consist of two or more hinged door elements which are spring loaded to engage the sides
of the forward shaft of suture pusher 14, and to thereby engage and grip suture 22 on the exterior
side surfaces of the pusher shaft, so that when the pusher shaft of suture pusher 14 is withdrawn

from lateral tunnel 21, suture 22 is forced to remain within lateral tunnel 21.
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[0033] The membrane 35 in the form of silicone, in a manner similar to the afore-
described mechanical trap door, compresses against the shaft of suture pusher awl 14 and engages
suture 22 with resistance while permitting the smooth surfaces of the shaft portion of suture
pusher 14 to be withdrawn from window 20 of spike 12. As another alternative to a semisolid
substance, such as silicone, membrane 35 may be a pierceable sheet or membrane of plastic or
metal, retained within window 20 of spike 12, so that the edges of the puncture opening made
by the suture pusher awl 14 in the semirigid sheet or membrane engage and retain the suture 22

as the shaft of suture pusher awl 14 is withdrawn from the membrane or sheet through window

20.

[0034] Returning to FIGS. 7, 8 and 9, the spike driver 29 consists of a shaft 31 with
a handle 32 on the proximal end and a small round post 33 and tooth 26 on its distal end. A slot
34 is provided on handle 32 to grip the suture or wire loop 30 attached to spike head 18, thereby
preventing the spike from falling off of the tip of the driver 26 after the spike 12 has been
positioned on the tip 25. Relief slots 38 on the forward end of shaft 31 permit egress of suture
22 leading from passages 43 of spike head 18. A mallet is then used on the distal end 36 of
driver 26 to drive spike 12 into the bone 11 until the head 18 is flush with the bone’s surface 19
(see FIG. 13). At this point the retrieval loop 30 of wire or suture is removed from the slot 34
of the handle 32 of driver 29, and the driver 29 is removed from the spike 12, leaving the spike
12 in the bone 11 to act as both a reference point for the guide handle 13 and for suture capture

and passing of a tunneling mechanism and suture 22 through the second or lateral tunnel 21.

[0035]  After spike 12 is set, the guide handle 13 is then used to create the second

transverse converging lateral tunnel 21. The tip of inner guide 41 of guide handle 13 is provided
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with teeth 40 to securely engage the bone 11. Inner guide 41 is cannulated to provide guide bore
42 to allow for passage of a drill bit, an awl and/or a suture pusher, or any combination thereof.
The tip of guide arm 27 of guide handle 13 is precisely machined to fit snugly into the slot 24 of
the head 18 of spike 12, thereby preventing yaw and roll of the guide handle 13 relative to the
implanted spike 12, but allowing for free pivoting or pitch of the guide arm 27 as indicated by
arrow 28. This restriction of motion along two axes, but free motion along the third axis, allows
the user to place the converging lateral tunnel 21 anywhere within the “range” of the guide handle
13 along the aspect of the bone surface 19. The pivoting of guide arm 27 allows for the second
or lateral tunnel 21 to have an entry point on surface 19 closer to or farther from the head of spike
12 as desired, and concomitantly provides a more acute or obtuse angle of the second lateral
tunne] 21 relative to the first medial tunnel 15. When the guide arm 27 is engaged in the head
18 of spike 12, the guide handle 13 is able to rotate the spike 12 within its tunnel 15 to change
the lateral position of the entry point of the second tunnel 21 relative to the spike 12, while still

maintaining and ensuring alignment of the guide bore 42 with the spike window 20.

[0036] The suture pusher awl 14 is preloaded with suture 22 so that one can deliver
mallet strikes to the proximal end of pusher awl 14 and thereby deliver suture and punch out

lateral tunnel 21 at the same time without drilling.

[0037] After the desired position of the second or lateral tunnel 21 is achieved, the user
is able to advance the inner guide 41 toward the bone under the forward bias of compression
spring 34, thereby engaging the teeth 40 on the distal tip of inner guide 41 into the bone, thus
“setting” the position of the second tunnel 21. Handles 39 are utilized to pull back the tip of

inner guide 41 against the forward urging of spring 50 to adjust the position of inner guide 41.

-10-



WO 2014/051930 PCT/US2013/057485

After the position is set, the second tunnel is created by driving the suture passer awl 14,
preloaded with the endless passing suture loop 22, after sliding the combination through the
guide bore 42 of the inner guide 41, and driving awl 14 into the bone and through the window
20 of spike 12. The suture pusher awl 14 is then removed, but the passing suture 22 is left behind

in the bone tunnel 21 and extending through the window 20 of the spike 12.

[0038] To further assist in ensuring that suture 22 is left behind in window 20 of spike
12, the width of window 12 is dimensioned for a tight fit whereby the side walls of window 20
will slidingly engage suture 22 as éuture passer awl 14 is passed through into window 20. Upon
removal of suture passer awl 14, the sharp rear edges 36 of window 20 will engage suture 22 as
another example of the suture engaging device to ensure that it slips off of suture pusher awl 14
as it is removed such that the suture 22 remains within the passage of window 20 of spike 12.
To further assist in ensuring that the forward tip of suture pusher awl 14 will find the opening of
spike window 20, a beveled edge 37 is provided about the perimeter edge of window 20. The
bottom of spike window 20 is provided with a narrowing passage 46 so that when spike 12 is

withdrawn, the suture 22 will be wedged into and thereby retained in passage 46.

[0039] If the bone 11 is too hard for use of the pusher awl 14, a backup drill bit or
standard awl can be used to create the second tunnel 21 through which a passing suture can then

be pushed.

[0040] After the suture 22 is passed through the window 20 of spike 12, suture pusher
awl 14 is withdrawn leaving suture 22 behind and the guide handle 13 is then removed from the

spike 12 and the remaining suture 22, so that only the suture 22 and the spike 12 remain in the

-11-



WO 2014/051930 PCT/US2013/057485

bone 11. The retrieval loop 30 of spike 12 is then pulled, removing the spike and the passing
loop of suture 22 from the first tunnel 15, thereby allowing the passing loop of suture 22 to be

used to pass any number of functional sutures through the completed tunnel configuration.

[0041] The suture pusher awl 14 hasa special “shark mouth” geometry such thata slot
48 is created in the distal tip (see FIGS. 10, 11 and 12), allowing it to passively capture the suture
22 in slot 48 and side grooves 47 while creating the tunnel, but release the suture 22 as it is

withdrawn from the tunnel 21.

[0042]  The tunneler instrument 10 of the present invention accordingly provides a
highly accurate guidance system insuring that the second intersecting lateral tunnel 21 is
accurately aligned with the first medial tunnel 15 and carries out the procedure with less steps

than required by the instruments of the prior art and also assures complete suture passage on the

first attempt.

[0043] All of the instrument parts of the tunneler instrument 10 may be disassembled
in large sections so that the assembly may be readily broken down, sterilized, and reused and
reassembled easily by hand. For example, inner guide 41 unscrews from outer guide 49 and outer
guide 49 in turn may be threadably uncoupled in a conventional manner from the handle portion
of guide handle 13. Also, handles 39 may be unscrewed and removed so that spring 50 and its
associated assembly may be removed, along with inner guide 41 and outer guide 49 for

sterilization.
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We claim:

1. A method of placing a suture transosseously through first and second transverse,
intersecting bone tunnels, the method comprising;
inserting a suture retriever spike having a window therethrough into one of said
tunnels and aligning said window with the bore of the other of said tunnels;
passing a suture into said other tunnel and on through said spike window and there
depositing said suture; and
removing said spike from said one tunnel with said suture passed through said

window and thereby transosseously retrieving said suture.

2. The method of claim 1, wherein the step of inserting said spike is accomplished

by driving said spike into the bone and thereby creating said one of said tunnels.

3. The method of claim 1, wherein said other tunnel is created by driving a suture
passer awl carrying suture into the bone and through said spike window, and thereafter
withdrawing said suture passer awl while depositing said suture in said other tunnel and said

window.

4. The method of claim 1, wherein the step of depositing said suture includes
withdrawing the suture passer awl carrying said suture through a suture engaging membrane
retained in said spike window for engaging said suture and thereby assisting the removal of said

suture from said suture passer awl as said suture passer awl is withdrawn from said window.
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5. A medical instrument for placing a suture transosseously through first and second
transverse, intersecting bone tunnels, the instrument comprising;

a guide handle having a proximal end for manual grasping and a distal end for
engagement with a bone to which a suture is to be attached, said bone provided with a first
tunnel;

a suture retriever spike having a window therethrough, said spike received in said
first tunnel,. and

a guide arm carried at the distal end of said guide handle and having a distal tip
spaced from an outer surface of said distal end and configured for a guided and oriented
connection with an exposed proximal head of said spike for thereby aligning said window with
a central guide bore passing through said handle for receiving a bone tunneling implement to

form a second tunnel in the bone which passes through said window.

6. The medical instrument of claim 5, wherein said distal end of said guide handle

is adjustably extendable relative to the remainder of said handle.

7. The medical instrument of claim 6, wherein said distal end of said guide handle

has sharp teeth for engaging a bone surface.

8. The medical instrument of claim 6, wherein said adjustably extended distal end

of said guide handle is biased in a forward direction relative to said guide handle.
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9. The medical instrument of claim 5, wherein said guide arm is pivotally connected
to said guide handle to pivot in a plane incorporating the transverse intersecting axes of said

spike and said central guide bore.

10. The medical instrument of claim 5, including a suture engaging membrane

retained in said spike window.

11. The medical instrument of claim 10, wherein said suture engaging membrane

is a semisolid substance.

12. The medical instrument of claim 5, wherein said spike window is dimensioned
in width to engage suture exposed on side surfaces of a suture passer to assist in retaining said

suture in said window as said suture passer is withdrawn from said window.

13. The medical instrument of claim 12, wherein said spike window is provided

with a beveled face edge on the side of said spike window facing said second tunnel.

14. The medical instrument of claim 5, wherein said spike window includes a
narrowing recess at the bottom thereof for wedgingly engaging suture placed in said spike

window.
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