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TENDON REPAIR IMPLANT AND SURGICAL INSTRUMENTS FOR
TENDON REPAIR

CROSS REFERENCE TO RELATED PATENT APPLICATIONS

This application claims priority to Uniled States Patent Application Serial Neo.
62/731,789 filed September 14, 2018 eatiled “Tendon Bepawr hoplant And Surgical
Instroments For Tendon Bepay™ by Constantinos Ketonis, the entire disclosuwre of winch is

incorporated herein by reference as permissible by national or regional laws.
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TECHNICAL FIELD

The present invention relates generally © madical devices, and more particularly to g

tendon repatr implant and surgical instoanents thereot.
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BACKGROUNIDY ARY

Tendon avelsion iguries of the finger often impede proper anatonscal functioning of
the finger and hand, frequently leading to long term sequacle such as boutonniere's defornuties,
swan-neck deformities as well as mallet fingers, Such seguarle typically resulls in significant
patient disability over time. Despite great advancements in medical technology, manolacturing
processes and available biocompatible materials, little progress has been made in the way that
we address these imuries of the finger and hand. The basic surgical corrective approach
{ypically involves passing locking/grasping sutures through the avudsed or lacerated tendon
edge with subsequent surgical re-approximation of the tendon edge to the bone, cither threugh
the use of bone wnmels, anchors or hottons,

Various combinations of the above surgical techniques have been described but no
knowa technigue hag emerged as the optimal Hxation technigue for these tendon avulsion
injuries,

During surgery, most strong focking suture configurations involve handling the tendon
aultiple times fo provent the sutwre from "cutting-through”™ when subjected to load. This
process is not only time conswming during surgery but also leads o injury and fraying of the
tendon, In addition, grasping sufures cannot span the whele width of the eadon, so whea the
tendon 1s bropght down o bone during such surgical repair, it typically does not lay flat onto its
msertion, bai rather,  ends up as a bulbous stump with limiied bone-iendon interface o
footprint, resulting in a promivent bulky repair,

For bone fixation of the tenden, one technigue that has been used for 8 very long time is
the button-over-nail technique using o surgical button and an offising nail or screw.
Unfortunately, this technigque and the associated surgical button has been associated with
numerous complications cluding nad detormitios, fixed flexion deformitics of the distal
mterphalangeal joint, infections and prolonged hypersensibivity. Allernatively, bong anchors
have been used for tendon reattachment and repair, but depending on bone guality, thewr pull-
out strength can be nadequate. Furthermore, in cases where the proximad aspect of a phalanx iy

conuninuted, such as in cases of a middle phalanx pilon fracture with an associated central slip

avalsion imjury. there is no bony support for anchor placement and therefore surgical repair
options are Hmited.
What is therefore needed is a surgical buplant that sims to render tendon o bone repairs

fast, reproducible, and robust while minimizing handling of the tendon during surgery and

i
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eliminating bulk at the repair site. Surgical instruments fo facilitate the proper implantation of

such a surgical implant are also needed and desirable,
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INSCLOSURE OF THE INVENTION

In sccordance with the present invention, there s provided a tendon repair maplant
comprising an clongated substrate having a convex side and a concave side; & plurality of
spikes protruding from the concave side; wherein each spike protrudes from the concave side of
the sphstrate at an angle in the range of zero degrees to 45 degrees with respect 0 a ling
perpendicular to the concave surface of the substrate where the spike origioates: a fisst
attachment for fastening the substrate to a3 mammalian bone with the concave side of the
substrate facing the mammalian bone: and a second attachment for fasteming the substrate to a
mammalian bone with the concave side of the subsirate facing the mammalian bone. A surgical

mstrument for retaining and releasing the tendon repaie mmplant during surgery and a surgical

instrument that provides a deill guide and facilitates the correct placement of a hone attachment
device (such as o surgieal serew) for the tendon repair implant ave also provided,

The foregoing paragraph has been provided by way of introduction, and i not intended
to Hmit the scope of the invention as described by this specification, claims and the attached

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described by reference to the following drawings, in which like nomerals

5 refer to like slements, and 1 which:

Figure 1 depicts a perspective view of the tendon repair implant;

Figure 2 is a Rurther perspective view of the tendon repaie implant;

it

Figure 3 is a profife view ot the tendon repair implant;

Figure 4 iy a concave side plan view of the tendon repair implant;
i3 Figure 3 1s an alfernate profile view of the tendon repair implant;

Figure 6 is a convex side view of the tendon repair iplant;

Figure 7 ix a cross sectional view of the tendon repair implant taken along lne A-A of Figure

20 4

Figure & is o firsi sitachment ond perspective view of the tendon repair implant;

Figure 9 is a second attachment end perspective view of the fendon repaly implant;

23
Figure 10 depicts 8 perspective view of the {endon repair implant with attached bone
attachment devices:
Figure 11 i3 a further perspective view of the tendon repuir implant of Figore 10;

30

Figure 12 iz 3 profile view of the tendon repair unplant of Figure 10;

Figure 13 is a concave side plan view of the tenden repair implant of Figure 18;

&
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Figure 14 15 an alternate profile view of the tendon vepadr implant of Figure 10

Figure 15 1s a convex side view of the tendon repair implant of Figure 10;

Figure 16 is a croys sectional view of the tendon repair implant of Figure 10 taken along line

A-A of Figure 13;

Figure 17 ix g first sttachment end perspective view of the tendon repair implant of Figure 10;

Figure 18 is a second attachment end perspective view of the tendon repair imiplant of Figure

IEEN

Figure 19 15 a perspective view of a surgieal retainer for the tendon repair implant of the

present vention;

Figure 20 is a side plan view of the surgical retainer of Figure 1%

Figure 21 15 an alternate side plag view of the surgical refainer of Figore 19;
Figure 22 is a rotated side plan view of the surgical retainer of Figure 19;

Figure 23 is an altornate rotated side plan view of the surgical retainer of Figurs 19;
Figure 24 is a top perspective view of the surgical retainer of Figure 19

Figure 28 15 3 bottom perspective view of the surgical retainer of Figure 19

Figure 26 is a perspective view of a drill guide for the tendon repair inplant of the present

invention;

Figure 27 is a side plan view of the drill guide of Figore 26;

Figure 28 is an alternate side plan view of the drill guide of Fiaure 26¢

-
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Figure 29 18 a rotated side plan view of the deill gurde of Figure 26;

~

Figure 38 15 an alternate rotated side plan view of the dell guide of Figure 26;
Figure 31 is a top perspective view of the drill guide of Figure 26; and

Figure 32 is a bottom perspective view of the drill guide of Figure 26.

Phe present mvention will be deseribed in connection with a preferred embodiment,
however, 1t will be understood that there is noe intent o Hunit the invention to the embodiment
deseribed. On the contrary. the intent is to cover all alternatives, modifications, and equivalents
as may be included within the spirit and scope of the vention as defined by this specification,

chums and drawings attached hersto.

b
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BEST MODE FOR CARRYING QUT THE INVENTION

A Tendon Reparr Implant and related surgical instruments are deseribed herem. The
Tendon Repatr lmplant provides a more untformn and less bulky repair stte, with improved
relention and strength of repair. Further, the Tendon Repair Implant doss wot reguire
immobilization, reducing the possibility of permanent stifthess and related complications,

Turning first to Figure 1, 8 perspective view of the Tendon Repair Implant 100 can be
seen. The tendon repair implant 100 is made from a biocompatible material such as a stainless
steel or similar metal, or a plastic. In some embodiments, the teadon repair implant 100 may be
made from a biodegradable or biomimetic material,  The tendon repair implant 100 has an
clongated substrate 101 with & convex side and & comcave side or other such geometry
facilitate placement on an anatomical structure such as 4 bone.  The substrate 101 has a
plurddity of spikes 103 protruding from the concave side, The spikes 103 serve to hold a tendon
to 3 bone without the risk of the tendon slipping out from the substrate 101, As will be more
fully appreciated after a complete review of this specification, the tendon repair implant Is
fastened 1o a bone with the endon under repair being frictionally engaged between the tendon
repatr implant and the bone, where the teadon repatr taplant 18 retained to the bone by way of
serews, anchors, or the like.  Hach spike protrudes from the coneave side of the substrade at an
angle i the range ol wero degrees o 43 degrees with respect © g hine perpendicular to the
concave surface of the subsirate where the spike originates. In a preferred embodiment of the
presemt invention, the anple of each spike is approximately 20 degrees with respect o a line
perpendicular © the concave surface of the substrate where the spike originates.  In an
exemplary embodiment, each spike 103 ix gpproximately 1 millimeter n fength,  In some
embodiments of the present wyvention, the spikes 103 are coated oy otherwise deposited with a
drog eluting material or laver.

The substraie 101 bas a first atlachment 103 for fastening the sobstraie 101 to 2
mammalian bone with the concave side of the substrate 101 facing the mammahan bone, and a
second attachment 107 for fastening the substrate 101 to 3 mammalian bone with the voncave
side of the substrate 101 facing the manumalion bone. Bach attachment may be, for example, a
hole for placement of a bong atachment or bone fixation device, or may include an anchor,
retainer, or the like.  The holes, for example. are capable of receiving a surgical serew, and

may, in some embodiments, have a tapered penmeter for securing a surgical serew.

B
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The substrate 101 may, for omample, have a rectangular form, and in some embodiments
of the present invention, each corner of this rectangular substrate has a radivs or is rounded or
otherwise curved. The clopgated substrate 101 may, W some embodiments of the presomt
tvention, be inthe range of 9 t¢ 16 millimeters in length.

Figure 2 is a Hurther perspective view of the tendon repair iraplant that shows the concave
side with spikes 103, The spikes 103 can be seen protruding from the subsirate 101 at an angle.
The spikes may be contcally tapered, or may be pins or other such protrusions that are sufficient
to grasp and retain 4 tendon.  The spikes 103 may also be of a uniform diameter with a point,
barh, or the like.

Figure 3 is g profile view of the tendon repaitr taplant where the concave side 301 and the
convex side 303 can be clearly seen along with the plurality of spikes 103, The concave side
301 of the substrate i some embodiments contorms to the phalanges of a patient, or the
substrate 101 and related spikes may be malleable or otherwise deformable to accommodate
various bone shapes and forms. In some embodiments, & surgical retainer such as the surgicad
retainer 1900 described herein provides the ability to shape or form the tendoy repair boplant
during surgical placement.

Figure 4 is a concave side plan view of the tendon repair implant 100 showing the spikes
103 protruding outwardly,

Figare 5 1s an aliernate profile view of the tendon repair implant showing the concave
side 301 and the convey stde 303 of the substrate 101

Figare ¢ is a convex side view of the tendon repair implant where 8 divectional indicator
GOT such as an arrow or similar svmbol can be seen. The divectional indivator 601 provides the
surgeon with the proper oricmtation of the tendon repair implant 100 such that the angled spikes
103 properdy and adequately grasp the tendon being repatred and affixed o the bone. The
directional indicator 601 may be formed with the substrate, etched or engraved on the substrate,
or the like.

Figure 7 is a cross sectional view of the tendon repair implant taken along hine A-A of
Figare 4. The angle 701 of each spike can be seen clearly in Figave 7, and 3¢ shown as an
example, and not a limitation.  Other angles oy alsoe be smploved as dexseribed herein,
Further, barbs, hooks, cleats or other retainers may be emploved © facilitate endon attachment,

Figare 8 is a first attachment 105 end perspective view of the tendon repalr implant 100
angd Figure 9 is g second aitachment 107 end perspective view of the tendon repair implant 100,
The tendon repair implant 100 thus comprises an clongated substrate comprising a convex

side and a concave sidel a phurality of spikes protruding from the concave sider whereln each

g
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spike protrodes from the concave side of the substrate af an angle in the range of zere degrees
to 43 degrees with respect to a Hoe perpendicular to the convave surface of the subsirate where
the spike originates; a first attachment for fastening the subsirate t0 3 munmalian bone with the
concave side of the substrate facmng the mansnalian bone: and a second attachiment for
fastening the substrate to & mammahian bone with the concave side of the substrate facing the
marmnatian bone,

In some embodiments of the tendon repalr uplant, the frst attachmeny and the second
attachment are holes capable of receiving a surgical serew. The holes, n sonwe embodiments,
may have a tapered or angled perimeter for securing a surgical screw.

In some embodimenty of the tendon ropar implant, the substrate has 3 rectangular form
witht cach corner of the rectangle having & radins.

In semie enbodiments of the tendon repaie inmplant, the tendon repatr taplant may further
comprise @ directional indicator that providex a visnal indication of proper ovientation of the
tendon repair implant during surgery.

in some embodiments of the tendon repair implant, the angle of each spike iz 20 degrees
with respect to a line perpendicular to the concave surface of the substrate where the spike
originates.

in some embodiments of the tendon repadr implant, each spike is 1 milluncter in longth,

In some embodiments of the tendon repair implant, the elongated substrate is in the range
of 9 millimeters to 16 millimelers n length.

In some embodiments of the tendon repaily implant, the concave surface of the sebstrate
conforms to a phalanges of a patient.

In some cmbodiments of the tendon repalr implant, the tendon repair implant further
comprises a drag cluting coating deposited on the spikes.

Figure 10 depicts a perspective view of the tendon repair implant with attached bone
attachment devices where the tendon repair implant 1000 has a sobstrate 1001 with spikes 1003
profruding outwardly. Fited {0 each attachyoent 15 2 bone attachment device. Figure 10 depieiy
a fust bone attachment device 1005 and a second bone attachment device 1007, In one
embodiment of the present invention, the bone attachment devices cach comprise an
expandable Sange joined with g hele in the substrate 1001 where the hole allows for placement
and entry of a surgical sorew inte the expandable flange of the bone attachment device. In
some gmbodiments of the present invention, the expandable flange of each bone attachment

device is segmented 1o allow for expansion of the flange when a surgical sorew is entered into

11
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the expandable flange. The boune attachment devices may be atfached fo the tendon repair
implant 100, or muay be integral or formed with the tendon repair implant 1600,

Figure 11 is a further perspective view of the tendon repair implant of Figure 10 that more
clearly shows the structare of the implant.

Figure 12 iy a profile view of the tendon repair smplant of Fipure 10 where the concav
side 1201 and the convex side 1203 can be seen.

Figure 13 s a coneave side plan view of the tendon repair implang of Figore 10 and Figure
14 13 an alternate profife view of the tendon repair tmplant of Figure 10,

Figure 15 is a convex side view of the tendon repair implant of Figure 10 where the first
attachment opening 1501 and the second attachment opening 1303 can be seen. A divectional
indicator 1503 such as an arrew or other symbol can also be seen to indicgte 1o the surgeon the
proper orlentation of the tendon repair inplant when bewng tnglanted w a patient.

Figure 16 is a cross sectional view of the tendon repair implant of Figure 10 taken along
fine A-A of Figuwre 13, The angle 1601 of the spikes 1003 can be clearly seen,

Figure 17 is a first attachment 1301 end perspactive view of the tendon repair implant of
Figure 10 and Figure 18 is a second attachment 1303 end perspective view of the tendon sepair
implant of Figare 10

Figures 10-17 thus depict a tendon repatr implant in accordance with the present invention

where the tendon repair implant comprises an elongated substrate comprising a convex side and
a concave sude; a plurality of spikes profrading from the concave wder wherein each spike
profrudes from the concave side of the sabstrate at an angle in the range of zero degrees to 43
degrees with respect 1o a line perpendicnar to the concave surface of the substrate where the
spike originates; a first bone attachment devige for fastening the substrate 1o & mammalian bone
with the concave side of the substiale facing the mammalisn bone; and 3 second bone
attachmoent device for fastomng the substrate to a mammalian bone with the concave side of the
substrate facing the mammalian bone,

In soame embodiments of the tendon repair implant, the fixst bone attachment device and the
second bone attachment device sach comprise an expandable flange joined with & hole w the
substrate where the hole allows for placenent and entry of a surgical serew into the expandable
flange of the bone attachment device,

In some embodiments of the tendon repair implant, the expandable flange of each bone
attachment device is segmented 1o allow for expansion of the flange when g surgical serew is

entered into the expandable flange.
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Iy some ernbodiments of the tendon repair mplant, the substrate has a rectangular form
with each corner of the rectangle having a radius.

In some cmbodiments of the tendon repatr implant, the tendon repair mplant further
comprises a directional indicator that provides a visual indication of proper onentation of the
tendon repair inplant during surgery.

In some embodiments of the tendon repair implant, the angle of each spike 13 20 degrees
with respeet to a line perpendicular to the concave surface of the substrate where the spike
originates.

in some embodiments of the teadon repa inyvant, cach spike is 1 millimeter in length,

i some embediments of the temdon ropair implant. the clongated substrate s i the range
of ¥ nullimeters 1o 16 millimeters in length.

fn some embodiments of the tendon repanr tmplant, the congave surface of the subsirate
conformy to 8 phalanges of a patient.

In some embodiments of the {endon repair hmplant, the tendon repair implant further
comprises a drug ehuting coating depostied on the spikes.

The tendon repair implant of the present invention requires not only skilled and precise
placement, but alse accurate placement of dill holes in the bone prior to implantation and
socuring. Surgical instruments to assist in the process of drilling, placenont and seouring are
extremely advaniageous ax they mininuze surgical time, allow for a smaller incision, and
reduce frauma of the swrgical area by providing efficient and sccurate tmplantation with
minimal movement of the implant, surgical tooly and related swrgieal devices,

What is therefore needed and bhighly desivable is both a deill guide instroment for
accurste placement of deilled boles in the bone, and also o surgical retainer for efficient and
accurate retention, placement, and release of the tendon repair implant diring surgerv. Both of
these instiuments will be further described herein by way of the following detailed desceription
and accompanying drawings.  As would be expecied, both of the surgical instruments are
manufaciored from a surgically acceptable material such as a stmuoless steel, titanium, or other
surgically acceptable metal or plastic. The surgical instruments may be made by machining,
casting, 3D printing, or the like

it should be noted that the surgical retainer may, i some embodiments, contain a pre-
togded or otherwise attached or retaimed tendon repaiy implant. This allows not only for
surgical convenienge, but reduces crrors in areas such as implant sizing, orientation, and the

tike, The surgical retainer and tendon repair implant may, in some instances. be considered as
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one Hem, In some embodiments of the present invention, the surgical retainer 15 sized along
with the tendon repair implant so that the two properly couple and work together as one.

A surgical retaaner for the tendon vepair implant disclosed herein wall be deseribed by
way of Figures 19«25,

Turning now to Figure 19, a perspective view of a surgical retainer 1900 for the endon
repair inplant of the present invention is depicted. The surgical retainer comprises an implant
backer 1903 of g shape similar to thet of the tendon repair implant to allow for close retention
of the tendon repair mmplant by the implant backer 19030 The tmplant backer has a concave
side and a convex side where the concave side is configured to receive a tendon repair implaot.
The mplart backer has retention prongs that releasably grasp a tendon repair implant that is
being placed doring surgery. The retention prongs are curled or tormed such that they grasp a
tendon repair mplant, but have some Hexibility to allow for the tendon repair implant o be

retained and also removed without difficulty. A fiest retention prong 1909 and a second

retention prong 1911 can be seen in Figwe 19 along with o third relention prong 1913 and &
fourth retention prong 1915, Two retention prongs may be adequate for retention and release of
the tendon repair implant, however, In some smbodiments of the present invention four or even
SIX oF more retention prongs may be emiployed. To facilitaie placement of a hone sarew or
stitar anchor with the surgical retainer 1900 still grasping the teadon repalr implant, a first
hone screw cutout 1903 and a second bone serew cutout 1907 are formed with the mnplant
hacker. Each bone serew cutout may be generally U - shaped or generally V-shaped, with distal
ends or corners forming or otherwise comprising refention prongs. A handle 1901 s also
attached to the implant backer 1903 fur surgical control and placement of the retained tendon
repair implant. A curve can also be seen in the handle 1901 1o allow for efficient and precise

-
'[

control of the surgical rotainer 1900, A sutures cleat 1917 can also be seen affized or
cthorwise formod with the handle 1901, In some cmbodiments of the present invention, the
sutpres cleat 1917 has s wedge for temporary frictional engagement and retention of a suture.

A fifth relention prong 2001 and a sixth retenfion prong 2003 way also be
employed along an elongate edge of the implant backer 1903, as seen wn the side plan view of
the surgical retaivner depicted in Figure 20,

Figure 21 is an alternate side plan view of the surgical retainer of Figure 19 that also
depiets the fifth retention prong 2001 and the sixth retention prong 2003 between the second

retention prong 1911 and the third retention prong 1913,

I
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Figure 22 18 4 rotated side plan view of the surgical retainer of Figure 19 that cleaddy
shows the curvature of the handle 1901, In some embodiments of the present invention, the
curvature may depart from that depicted, or the curvature may be absent altogether.

Figure 23 18 an alternate rotated side plan view of the surgical retamer of Frgure 19 that
also shows the placement of the sutwres cleat 1917, The cwled under form of the retention
prongs can also be seen clearly.

Figure 24 is a top perspective view of the surgical retainer of Figore 19, To also depiet
the placement of all six retention prougs (when so emploved), Figure 25 15-a bottom pergpective
view of the surgical refainer of Figure 19,

Figures 19-25 thus depict a surgical retainer for a tendon vepar unplant in accordance
witht the present invention that comprises an implant backer having a fivst retention prong and a
second retention prong: a first bone screw cutowt angd g seeond bone serew cutout formed with
the inplant backer: g handle attached to the maplant backer; wherein the implant backer has a
coneave side and a convex side where the concave side ts configured to receive g tendon repalr
implant; and whersin the first retention prong and the second retention prong are configured to
releasably grasp a tendon repair implant,

In some embodiments, the surgical retatner further comprises a third retention prong and
a fourth retention prong attached to the implant backer.

In some embodiments, the surgical refainer further comprises a sutures cleat affixed to
the handle. The sutures cleat may also have a feature or peometry such as a wedge fov

cagernent and refentton of a suture.

i e

terporary frictional en

In seane embodiments, the surgieal retainer further comprises a fifth retention prong and
a sixth retention prong attsched 1o the implant backer.

While the surgical retaingr 1900 has been herctofore described, a dnll guide instrument
for the tonden repair implant may be nsed 1 surgery prioy 1o the use of the surpival retamer.
The drill gotde instrument 2600 will now be described and depicted by way of Figures 26-32.

Figure 26 1s a perspechive view of a dull guide instrument 2600 for the tendon vepair
implant of the present Invention. A drill guide backer 2603 can be scen that conforms to the
shape of the tendon repair implant and provides for proper alignment of the first deill guide
2603 and the second drill guide 2607 when the drill guide instrument 2600 is placed in position
for subsequent surgical bone drilling prior 0 implamation of the tendon repair unplant. The
drill guide backer 2603 has a congave side gnd g convex side with the first drill goide 2608 and
the second drifl guide 2607 there through. While the drill puide instrment 2600 15 placed by

the surgeon, proper alignment on the bone 18 essential.. To accomplish that goal, a first {ab

-
L4
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2609 protruding from the deill guide backer 2603 and a second tab 2611 protruding from the
drill guide backer 2603 both have an alignment pin extending downward from each tab. The
first alignment pin 2613 and the second alignment pm 2615 extend down from their respective
tab and engage between finger bones doring surgery. The pins may be m the range of 1«10 mum
long, with 5 nun being a preferred length. A handle 2601 can also be seen affixed to the drill
guide backer 2603, In some embodiments of the present invention the handle 2601 s curved or
otherwise tapered or angled.

Figure 27 15 8 side plan view of the drill guide istrument of Figure 26, While the first
drill guide 2605 and the second drill guide 2607 are gencrally porpendicular to the deill guide
backer 2603, it is essential to account for the thickness of the tendon repair unplant when
drilling into the bone for fastening of the tendon repair implant.  To allow for this thickness,
spacer spikes ov proteusions are employed. In Figure 27, a fivst spacer spike 2701 and a second
spacer spike 2703 can be seen. Various shapes and guantities of spacers may be emploved.

¥ igure 28 s an aliernate side piﬁn view of the drill guid&: instrument of Figure 26, In this

}i'i,g_ure 29 43 a rotated side plan view of the deill guide instrument of Figure 26 and
Figure 30 1s an alternate rotated side plan view of the drill guide instrument of Figure 26, The
gurvature of the handle 2601 can be clearly scon as well as the protruding tabs 2609 and 20611
and their associated alignment pins 2613 and 2615,

Figure 3148 @ top perspective view of the deill guide msirument of Figure 26 that shows
the first drill goide 26035 and the second deill gaide 2607 affixed through the drill guide backer
2603, In one exemplary embodiment of the preseat invention, the inside diameter of the drill
guides is 1.1 millimeter to accommaodate a 1.0 millimeter drill bit,

Lastly, Figare 32 i3 a bottom perspective view of the dell guide instrament of Figure 26
that shows the spacer spikes 2701 and 2703 as well as the spacer spikes 2801 and 2803, The
first alignment pin 2613 and the second aligmment pin 2613 can also be seen profrading from
the tabs 2689 and 2611

Figures 26-32 thus depiet a deill guide instrament for a tendon sepair implant in
accordance with the present invention that comprises a drill guide backer having a concave side
amd 2 convex side; a frst dall guide and a second dill guide attached through the drill guide
backer; the drill guide backer having s concave side, a convex side, a first tab and a second tab

a first alignment pin protruding dowrpward from the fivsd tab; a second glignment pin protruding

downward from the second tab; and a handle attached to the drill guide backer.

18
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{n some embodiments, the dnll guide instrument further comprises 4 spacer spike
profriding from the deill guide backer.

To use the dall guide instrument 2600, the drill guide backer is placed on the subject
hone with the ahignment pns cneaging between finger bones doring surgery. Once the drill
putide instroment s placed in the proper location and orientation to facilitate fendon repair and
reattachment, & suitable deill bit s wserted through each dnll guide and a sutficiently deep hole
is drilled in the bone. Thus, two holes are drilled o accommaodate surgical screws that will be
adequate to anchor the tendon repair tmplant through sach attachment,

Onee the anchor holes are dilled, 8 tendon repaly implant is positioned through the
mncision and properly oriented such that the anchor holes align with the attachment holes or
featores of the tendon repair unplant, and the tendon 1o be repaired is also placed between the
tendon: repair implant and the bone for retention and seeure fastering. Bone screws or anchors
are then placed through the first attachwment and the second sttachment of the tendon vepair
implant, and the tendon repair implant is then fixed onto the bope such that the tendon is held
throngh the spikes of the tendon repair implant and the attachment of the tendon repair implamt
to the bone.  Surgical procsdures continue and the repair is then completed using known
surgteal technigues and procedures.

It 18, therefore, apparent that there has been provided, m accordance with the varions
obiects of the presemt invention, a Tendon Repair Tmplant as well as swgical instruments for
tendon repair using the Tendon Repair Implant.

While the varipus objects of this nvention have been deseribed in conjunction with
preferred embodiments thereofl it s evident that many altsrnatives, modifications, and
variations will be apparent to those skilled in the art. Accordingly, it is intended to smbrace all
such alternatives, modifications amd variations that fall within the spirlt and broad scope of this

speofication, claims and drawings appended herem.



)

14

23

P
T

WO 2020/056063 PCT/US2019/050702

What is olaimed is;

i,

=

Lk

Atendon repair implat and sargicsl retainer,

the tendon repatr implant comprising:
an elongated substrate comprising a convex side and a concave side;
a plurality of spikes protreding from the concave side;
wherein each spike protrudes from the concave side of the substrate at an angle in
the range of zero degrees to 45 degrees with respect 1o a line perpendicular to the
concave surface of the substrate where the spike originates;
a first attachment for fastening the sobstrate to g manunalian bone with the concave
side of the substrate facing the mammalian bone: and
a second attachment for fastening the substrate to 8 mammualian bone with the
concave side of the subsirate facing the marymalian bone;

the surgical retatper for the tendon repair implant comprising:
an implant backer having a first refention prong and a second retention prongs
a first bone serew cudont and g second bone serew cutowt formed with the mnplam
backer:
a handle aftached to the implant backer;
wherein the implant backer has a concave side and a convex side where the concave
side is configared to receive the fendon vepair ymplant; and
wherein the first retention prong and the second retention prong are vonfigured o

releasably grasp the eadon repair implant.

The tendon repair implant and surgical retainer of claim 1, wherein the first attachmoent
and the second attachment of the tendon repair implant are holes capable of recgiving a

surgical serew,

The tendon repair implant and surgical retainer of clainy 2, wherein the holes have a

tapered perimeter for securing g surgical serow,

The tendon repair implant and surgical retainer of claim L, wherein the substrate of the
tendon repair implant has g rectangular Torm with each comer of the rectangle having a

radius,
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6.

1§43

1l

12,

The tendon repair implant and surgical retainer of claim L. hurther comprising a
divectional indicator that provides a visual indication of proper orientation of the tendon

repair implant during sargery.

The tendon repair implant and surgical retainer of claim 1, wherein the angle of each
spilke of the tendon repair implant 1s 20 degrees with respect to a line perpendicalar to

the concave surface of the substrate where the spike onginates,

The tendon repatr mplant sd surgical retamner of claim 1, wherein cach spike of the

tendon repatr implant s 1 nullimeter w length,

The wendon repair mplagt and surgical retamer of claim 1, wherein the elongated
substrate of the tendon repair fraplant i3 in the range of 9 millimeters to 16 millimeters

i length

The tendon repair implant and surgical retainer of ¢ladm 1, wherein the concave sarfhee
of the substrate of the tendon repair implant conforms to a phalanges of a patient.
The tendon repair ynplant and surgical relatner of claim 1, fnther comapnising & drug

cluting coating depostied on the spikes of the tendow repair implant.

The tendon repalr implant and surgical retainer of claim 1, further comprising a third
retention prong and a fowth retention prong attached 1o the nplant backer of the

surgical retainer.

The fendon repair implant and surgical retainer of claim 1, further comprising a suiures

cleat affixed o the handle of the swgical retainer.

CThe tendon repair implant and sucgical retainer of glaim 12, wherein the sutures clewt of

the surgical retainer bas o wedge for temporary frictional engagement and retention of 4

suiure,

9
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14, The tendon repair fmplant and surgical retwiner of claim 1, further comprising o fifth

retention prong and a sixth refention prong attached to the implant backer of the surgical

retainer.
3 15, A tendon repair implant compristag:
an elongated substrate comprising a convex side and a concave side;
a plurality of spikes protreding from the concave side;
wherein each spike protrudes from the concave side of the substrate at an angle in
the range of zero degrees to 45 degrees with respect 1o a line perpendicular to the
10 concave surface of the substrate where the spike originates;
a first attachment for fastening the sobstrate to g manunalian bone with the concave
side of the substrate facing the mammalian bone: and
a second attachment for fastening the substrate to 8 mammualian bone with the
concave side of the substrate facing the maromalian bone.
N
16. The tendon repair implant of claim 13, wherein the first attachment and the second
attachment are holes capable of recarving a surgical screw,
17. The tendon repatr implant of claim 16, wherein the boles have a {apered perimeter for
20 securing a surgical sovew,
I8, The tendon repair implant of elaim 18, wherein the substrate has a rectangular form
with sach corner of the rectangle having a radius,
25 19, The tendon repatr implant of clatm 15, further comprising a directional indicator that
provides a visual indication of proper orientation of the fendon repatr implant doring
SUTEETY.
20. The tendon repair implant of claimy 15, wherein the angle of each spike is 20 degrees
30 with respect © a line perpendignlar 1o the concave surface of the substrate where the

spike originates,

21 The tendon repair implant of claim 13, wherein each spike is 1 millimeter in length,

20
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a4,

e

. The tendon repair implant of clatm 15, whergin the elongated substrate is in the range

of & mifhmeters to 16 millimeters in fength.

The tendon repair implant of claim 13, wherein the concave surface of the substrate

conforms o a phalanges of a patient.

The tendon repair implayt of claim 15, forther comprising a drug eluting coating

deposited ou the spikes,

A tendon repair implant comprising:
an clongated substrate comprising @ convex side and a concave side;
a plurality of spikes protruding from the concave side;
wherein each spike protrudes from the concave side of the substrate at an angle in
the range of zere degrees to 45 degrees with respect to a line perpendicular to the
concave surface of the substrate where the spike originates;
a first bone attachment device for fastening the substrate to @ manumalian bone with
the concave side of the sobstrate faging the mammalian bone; and
a second bone attachment device for fastoning the substrate to a mammalian bone

with the concave side of the subsirate facing the mammalian bone.

26. The tendon repair implant of claim 23, wherein the first bone attachment device and the

b
-3

second bone attachment device each comprise an expandable Hange joined with a hole
in the substrate where the hole allows for placoment and entry of & surgical serew into

the expandable flange of the bone attachment device.

. The tendon repair implant of claim 26, wherein the expandable Hange of each bone

attachment device iy segmented to allow for expansion of the Hange when a surgica

serew 1s entered into the expandable Bange.

. The tendon repalr implant of claim 23, wherein the substrate has @ rectangular form with

cach comer of the rectangle having a radius.
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The tendon repair implant of claim 23, further comprising a directional indicator that
provides a visual indication of proper orientation of the tendon repair implant during

surgery.

-

. The tendon repatr tuplant of claim 25, wherein the augle of each spike ix 20 degrees

with respect to a line perpendicalar 1o the concave surface of the substrate where the

spike originates,

. The tendon repair implant of elaim 25, wherein cach spike is 1 millimeter in length

. The tendon repatr implant of claim 235, wherein the elongated substvate 15 1 the range of

9 pullimeters fo 16 nulimeters in length.

-~

3. The tendon repaiy implant of claim 23, wherein the concave surfaee of the subsirate

conforms to a phalanges of a patient,

. The tendon repair implant of claim 23, firther comprising a drog oliting coating
fhe tendon repair tuplant of cladm 25, further comprising a drag oluting coating

deposited on the spikes.

- A surgical retataer for a tendon repair ftoplant, the surgical retainer comprising:

an implant backer baving a first retention prong and a second retention prong:

a first bone screw cutout and a second bone serew cutout formed with the implant
backer:

a handle attached 1o the implant backer;

wherein the implant backer has g concave side and g convex side where the concave
side is configured to receive a tendon repaiy implant; and

wherein the first retenfion prong and the second retention prong are configured to

releasably grasp a tendon repair implant.

. The surgical retainer of claim 33, further comprising a third retention prong and a

foarth retention prong attsched o the implant backer.

. The surgical rotainer of claim 35, Ruther comprising a sutures cleat affixed to the

handie.

22
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38, The surgical retaner of claim 37, wherein the sutures cleat has a wedge for temporary

frictional engagement and retention of a suture,
3 39, The surgical retatner of clanm 33, further comprising a fifth retention prong and a sixth
retention prong attached to the moplant backer.
40, A deifl guide Tor a tendon repatr toplant, the deill guide comprising:
a drill guide backer having a concave side and a convex side;
10 a first diill guide and a second deill guide attached through the deill pude backer:
the drill guide backer having a concave side, a conves side, a first tab and a second tab;
a fivst alignment pin protruding downward from the Hrstiab;
a second alignment pin protruding dowaward from the second tab: and
a handle attached 1o the drill guide backer.
1&
41, The drill guide for a tendon repair implant of claim 40, further comprising a spacer
spike protruding fron the drill guide backes.
20
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