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FIG. 1

(57) Abstract: An implant assembly for a human sternum and ribs can include a sternal implant and a rib link. The sternal implant can
be couplable to a sternum. The rib link can include a distal portion, a proximal portion, and a strut. The distal portion can be couplable
to arib. The proximal portion can be couplable to the sternal implant. The strut can connect the distal portion to the proximal portion.
The strut can be configured to flex so that the distal portion can be aligned with the rib.
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ADJUSTABLE RIB AND STERNAL IMPLANT

BACKGROUND
[0001] For patients with a sternal tumor, congenital sternal disorder, or
various sternal injuries surgeons sometimes remove an affected sternum or
sternal portion. Depending on the location and size of the tumor, adjoining rib
segments can be disconnected from the sternum as part of the procedure.
[0002] For regaining the anatomical integrity between the sternum and rib
cage and for protecting the organs that are directly behind the sternum, surgeons
can use a muscle flap to provide coverage and protection of the affected rib
segments and sternum. In cases where a large section or the total sternum is
removed, these muscle flaps may not offer the protection and support needed for

maintaining the anatomical integrity.

OVERVIEW
[0003] In cases where a large section of a sternum is removed or
missing, the inventors have recognized, among other things, that a sternal
implant to replace a patient’s sternum and/or manubrium can offer several
advantages over a muscle flap or single plate method. In some examples, the
implant can include removable rib links that are individually couplable to ribs. In
some examples, the implant can also include superior bores for securing the
sternal implant to remaining sternum bone and/or manubrium. The implant can
also include cartilage connectors for securing the implant to costal cartilage. This
design can provide structural rigidity and organ protection not provided by a
muscle flap method. This design can also provide flexibility, adaptability, and
modularity not provided by a single-plate method.
[0004]  To further illustrate the apparatuses and systems disclosed herein, the

following non-limiting examples are provided:

Date Regue/Date Received 2020-12-10
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10005} Example | is an implant assembly for a human sternum and ribs, the
implant assembly comprising a sternal implant couplable to a sternum; and a
first rib link comprising a distal portion couplable to a rib; a proxmal portion
couplable tothe sternal implant; and a strut connecting the distal portion to the
proxinal portion, the strut configured to flex so that the distal portion can be
aligned with therib.

[0606]  In Example 2, the subject matter of Example 1 optionally includes a
plurality of rib links including the first rib link, each of the plurality of rib links
releasably couplable to the sternal implant.

[6607]  In Example 3, the subject matter of any one or more of Examples 1-2
optionally include wherein the sternal implant further comprises: a superior
portion securable tothe sternum; an inferior portion securable to costal cartilage;
and a matrix portion disposed between the superior and nferior portions, and
configired toreceive the proximal portion of the first rib link.

{0008} In Example 4, thesubject matter of Example 3 optionally includes a
plurality of rib links ncluding the first rib link, each of the plurality of 1ib links
releasably couplable to the matrix portion.

9609}  In Example 53, the subject matter of Example 4 optionally includes
wherein thematrix portionis configured to receive a proximal portion of each of
the plurality of tib links.

[0619] In Example 6, the subject matter of Example 5 optionally includes
wherein the matrix portionis configured to receive the proximal portionsin
various locations as desired.

[0811} In Example 7, the subject matter of any one or more of Examples 3-6
optionally include wherein the distal portion of the sternal implant further
comprises: a tirst cartilage link extending from the interior portion, the cartilage
tink including a plurality of suture bores.

10612}  In Example 8§, thesubject matter of Example 7 opticnally includes
wherein theinferior portion of the sternal implant further comprises: a plurality
of cartilage links mncluding the first cartilage link, each of the plurality of
cartilage links extending from the inferior portion and including a plurality of
suture bores.

[0013]  In Example 9, thesubject matter of any one or more of Examples 1-8

optionally include wherein thestrut comprises a cylindrical geometry.

2
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10014}  In Example 10, the subject matter of any one or more of Examples 1-9
optionally include wherein the distal portion comprises: an alignment tab
extending from thedistal portion configured toat least partially engage the rib to
align the distal portion with therib.

{0615}  In Example 11, thesubject maiter of any one or more of Fxamples 1
10 optionally include wherein the distal portion comprises: a posterior surface
mateable to therib and comprising a patient-matched topography.

{0616}  In Example 12, the subject matter of any one or more of Examples 1-
11 optionally include wherein the distal portion comprises: a plurality of bores
configured toreceive bone fasteners, the plurality of bores staggered across the
distal portiontodistribute stress transferred between the rib and the distal
portion.

0817} Example 13 1s a sternal and nib replacement sy stem comprising a
sternal implant couplable to a sternum; and a plurality of rib links, each rib link
comprising a distal portion couplable toa rib; a proximal portion couplable to
the sternal implant; and a strut connecting the distal portion to the proximal
portion, the strut configured toflex sothat the distal portion can be aligned with
the rib.

(0618} In Example 14, thesubject matter of Example 13 optionally includes
wherein the sternal implant further comprises: a superior portion securable to the
sternum; an inferior p ortion securable to costal cartilage; and a matrix portion
disposed between the superior and inferior portions, and configured toreceive
the proximal portion of the first rib link.

[061%]  In Fxample 15, thesubject matter of Bxample 14 optionally includes
wherein thematrix portionis configured to receive a proximal portion of each of
the plurality of rib hinks n vartous locations as desired.

10628]  In Example 16, thesubject matter of any one or more of Examples 14—
15 optionally include wherein theinferior portion of the sternal implant further
comprises: a plurality of cartilage links including the first cartifage link, each of
the plurality of cartilage links extending from thedistal portionand including a
plurality of suturebores.

(8621} In Example 17, thesubject matter of any one or more of Hxamples 13-

16 optionally include wherein the strut comprises a cy lindrical geometry .
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10022}  In Example 18, thesubject matter of any one or more of Examples 13—
17 optionally include wherein thedistal portion comprises: an alignment tab
extending from thedistal portion and configured to partially engage thernb to
align the distal portion with therib.
106231  In Example 19, thesubject matter of any one or more of Examples 13-
18 optionally include wherein the distal portion comprises: a posterior mating
surface mateable tothe rib and comprising a patient-matched topography.
{0624}  In Example 20, the subject matter of any one or more of Examples 13-
19 optionally include wherein the distal portion comprises: a plurality of bores
configured toreceive bone fasteners, the plurality of bores staggered across the
distal portionto distribute stress transferred between the rib and the distal
portion.
[0625}] In Example 21, thesubject maiter of any one or more of Examples 1-
12 optionally include a fastener securing the proximal portiontothe sternal
tmplant.
[0626]  In Example 22, the subject matter of any oie or more of Examples 1-
2 and 21 optionally wherein the fastener is a locking screw.
96277  In Example 23, the subject matier of any one or more of Examples 1-
12 and 21-22 optionally wherein thefastener comprises an anti-rotation cap
configured toprevent the fastener from backing out of theproximal portion.
{6628}  In Example 24, the subject matter of any one or more of Examples 1-
12 and 21-22 optionally inciude an anti-rotation tab adjacent a head of the
fastener, the anti-rotation tab configured to prevent the fastener from backing out
of the proximal portion.
10029}  In Example 24, the subject matter of any one or more of Examples 1-
12 and 21-24 optionally include a plasma coating applied to one or more of the
sternal implant and the first rib link.
[0630]  In Example 25, thesubject matter of any one or more of Examples 13-
20 opticnally include a fastener securing the proximal portiontothe sternal
implant.
{0031} In Example 26, the subject matter of any one or more of Examples,

13-20 and 25 optionally wherein thefastener is a locking screw.
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10032}  In Example 27, the subject matter of any one or more of Examples 13-
20 and 25-26 optionally wherein the fastener comprises an anti-rotation cap
configured toprevent the fastener from backing out of theproximal portion.
[8633]  In Example 28, the sabject maiter of any one or more of Examples 13-
20 and 25-26 optionally include an anti-rotationtab adjacent a head of the
fastener, the anti-rotation tab configured to prevent the fastener from backing out
of the proximal portion.

{0634}  In Example 29, the subject matter of any one or more of Exanples 13-
20 and 25-28 optionally include a plasma coating applied to one or more of the
sternal implant and the first rib link.

106357  Example 30 15 an implant assembly for a human sternum and ribs, the
implant assembly comprising

[0836}]  asternal implant couplable toa stermum; and a first rib link
comprising a distal portion couplable toa rib; a proximal portion couplable to
the sternal implant; and a strut connecting the distal portion to the proximal
portion, the strut configured toflex sothat the distal portion can be aligned with
the 11b; and a lag tool comprising a proximal end and a distal end, the distal end
threadably engageable withthe sternal implant.

(86377  In Example 31, thesubject matter of Example 30 optionally includes
wherein thedistal end is sized to pass through a bore of the distal portion tolag
the distal portiontothe sternal implant

[0638]  In Example 32, the subject matter of anv one or more of Examples 30-
31 optionally includes a collar disposed at a termination of the threading and
configured tocontact the proximal end and force the proximal end towards the
sternal implant as thelag tool threadably couples to the sternal implant.

[063%]  In Example 33, the sabject matter of any one or more of Examples 30-
32 optionally includes atool interface disposed near the proximal end of the lag
tool and coupleable toa driver.

[0046] In Example 34, thesubject matter of any one or more of Examples 30-
33 optionally includes wherein the tool interface comprises a circumferential
groove.

(9641}  These and other examples and features of the present apparatuses and
sy stems will be set forth in part in the following Detailed Description. This
Overview is intended toprovide non-limiting examples of the present subject

-

>
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matter and 1t is not intended to provide an exclusive or exhaustive explanation.
The Detailed Description below is included to provide further information about

the present apparatuses and methods.

BRIEF DESCRIPTION OF THE DRAWINGS
[0¢42]  In the drawings, which are not necessarily drawn to scale, like
numerals can describe similar components in different views. Like numerals
having different letter suffixes can represent different nstances of simular
components. The drawings illustrate generally, by way of example, but not by
way of lnitation, various examples discussed in the present document.
[0643] FIG. 1 shows an isometric view of arib and sternal implant coupled to
a 1ib cage of a patient, in accordance with an example of the present disclosure.
j0844} FIG. 2 shows an isometric view of arib and sternal implant from an
anterior perspective, in accordance with an example of the present disclosure.
10045}  FIG. 3 shows an isometric view of a sternal implant from an anterior
perspective, in accordance withan example of the present disclosure.
[0046] FIG. 4 shows an isometric view of a rib and sternal implant from a
posterior perspective, in accordance with an example of the present disclosure.
(9647} FIG. 5 shows an isometric view of a rib and sternal implant and a tool
for installing a rib and sternal implant, in accordance with an example of the
present disclosure.
(6648} FIG. 6 showsa flow chart of a surgical procedure performed using a
rib and sternal implant and tool, in accordance with an example of the present

disclosure.

DETAILED DESCRIPTION
10642}  The present ap phcation relates to devices and sy stems for sternal
replacement procedures. For example, the present ap plication discloses a sternal
and rib implant sy stem configured to secure to a sternum, manubrium, and/or
ribs of a patient. Details are discussed further below.
[0650] FIG. | shows an isometric view of implant 10 secured torib cage 100
of 3 patient, in accordance with an example of the present disclosure. Rib cage

100 generally includes ribs 102, sternum {or body ) 104, manubrium (or upper
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sternuin) 106, and cartilage {or costal cartilagey 108 Rib cage 100 generally
includes other components not labeled or shown, such as a xyphoid process.
[0651]  In some patients, a sternum, such as sternum 100 can become
compromised, such as with 3 tumor. In some of these cases, the sternum,
manubrivm, xyphoid process, ribs, and/or cartilage may need tobe removed or
disconnected by a surgeon. In many of such cases, implant 10 can be used to
replace theremoved structural components, such as sternum 104 and manubrium
106,

[0652]  In some examples, implant 10 can be a sternal implant coupledtoa
resected or partial sternum 104 and/or manubrium 106 at a sup erior portion and
coupled tocartilage 108 at an inferior and/or distal portion, or at any location of
a patient where cartilage is presentin a patient. Implant 10 can also include rib
finks coupled to a matrix of the implant, where the rib links can be further
coupled toribs 102

10653}  Once connected, in some examples, implant 10 can provide some of
the structure and functions lost as a result of resecting or removing sternum 104,
manubrium 106, and/or ribs 102, such as protecting vital organs. Though other
implants exist in the prior art, implant 10 provides the benefit of modularity as
tib links can be installed in many configurations. Implant 10 also offers the
benefit of customization, as implant 10 can be patient-matched in many ways.
These details and more are discussed further below.

(6654}  FIG. 2 shows an isometric view of implant 10 from an anterior
perspective FIG. 3 shows an isometric view of implant 10 with rib links
removed. FIGS. 2 and 3 are discussed concurrently .

[0635]  bmplant 10 can include stemnal iroplant 12, vib links 145, 14b, 14¢, 144,
14e, and 141, and fasteners 16. Sternal implant 12 can include superior portion
18, mairix 19, and inferior portion 20. Inferior portion 20 can include cartilage
finks 22a, 22b, 22¢, and 22d, which can each include suturebores 24. Superior
portion can include superior bores 26. Each of rib links 14a-14f can include
proximal portion 28, strut 30, and distal portion 32. Each of proximal portions 28
can include proximal bores 34. Each of distal portions 32 can include distal
bores 36, and alignment tabs 38 Matrix 19 can include matrix bores 40,

Fasteners 16 can include cap 42 in some examples and can mclude tang 44 in
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some other examples. Also shownin FIGS. 2 and 3 are orientation identifiers
superior, inferior, proximal, and distal.

[0656]  Sternal implant 12 and rib links 14 can be comprised of a rigid
material, such as any waterial suitable for iroplant in 2 human body, for example,
stainless steel alloy s, titanium alioy s, poly etherketoneketone (PEKK), and
cobalt/chromium alloys. In one example, sternal implant 12 and rib link 14 can
be comprised of titanium A4V,

[0657]  Sternal implant 12 can be of a geometric shapeof a sternum and/or a
manubrium. In some examples, sternal implant 12 can have a shape that s
matched toa native anatomy, such as a sternum, of a patient. This can improve
the overall fit and comfort of implant 10, and can simplity installation of tnaplant
10.

[0858] In some examples, superiorportion 18 can extend superiorly from
matrix 19 of sternal implant 12 In other examples, superior portion 18 can
extend in other directions from matrix 19, such as distally or mferiorly,
depending on anatomical requirentents of a patient. Further, superior portion 18
can be placed at any location on sternal implant 12, as required by the anatomy
of a patient.

(06591  Superior portion 18 can be coupled toa sternum, such as sternum 104
of FIG. 1, or a manubrium, such as manubrium 106 of FIG. 1. Inferior portion 20
can extend inferiorly and/or distally from matrix 19, in some examples, and can
extend in any direction from matrix 19 in other examples. In some examples,
each of cartilage links 22 can extend inferiorly and/or distally from inferior
portion 20, with suture bores 24 spaced along each of cartilage links 22 Suture
hores 24 can be sized and spaced toaccept sutures, allowing cartilage links 22 to
be coupled to costal cartilage. such as cartilage 108 of FIG 1. In some examples,
suture bores 24 can be sized toaccept bone screws or other fasteners, for
securing one of cartilage links 22 toa bone, such as a rib or other bone,
depending on the anatomy of a patient. In some examples, cartilage links 22 can
be separate pieces, securable tosternal implant 12 with fasteners. This can
provide additional modularity, similar tothat provided by nib links 14, as
discussed below.

[66606]  Superior bores 26 can be sized to accept bone screws or other bone

fasteners, so that superior portion 18 can be coupled to a sternum and/or a

&
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manubrium. Superior bores can be placed about superior portion 18 to optimize
fastening as a function of the remaining anatomy . In some examples, superior
bores 26 can be sized to accept sutures, depending on theanatomy of a patient.
(8661}  Rib links 14a-14f can be attached and removed from sternal implant
12, as shown in FIG. 3. Rib links 14a-14f can have a length and curvature
configured tomatch a natural anatomy of a given patient. In some examples, rib
links 14a-14f can be modified in shape during a procedure for improved fitment,
as described further below. Though six of rib links 14a-14f are shown, other
quantitics, such as 1, 2, 3,4, 5, 10, and the like can be used. In some examples, a
quantity of rib links can be selected pre-operatively orintra-operatively tomatch
patient anatomy or surgical needs.

[6662] Proximal portions 28 of rib links 14a-14f can each removably couple
tomatrix 19 of sternal implant 12 using matrix bores 40 of sternal implant 12
and proximal bores 34 of proximal portions 28. In some examples, fasteners,
such as fasteners 16, which can be metallic or polymeric screws or bolts having
a machine thiead ty pe, can pass through proximal bores 34 to threadably engage
matrix bores 40. In some examples, fasteners 16 can be bone screws or other
suitable fasteners. Heads of fasteners 16 can apply aforce to proximal portion 28
tosecure proximal portion 28 tomatrix 19, In some examples, cap 42 can be
coupled toa head of one or more of fasteners 16 toprevent fasteners 16 from
backing out of matrix bores 40 and proximal bores 34 and toprovide a smooth
surface on top of fasteners 16. Additionally or aiternatively, tang 44 can spanthe
heads of two of fasteners 16 1o prevent backing out.

[0663]  In some other examples, snap connections can be used to connect
proxumal portion 28 tomatrix 19 The snap connections can compiise various
geometric shapes configured tomate tobores of various geometric shapes. In
one example, one or more metal or plastic prongs can extend from proximal
portion 28 and extend into a matrix bore 40 and once the prong(s) has extended
partiatly through a matrix bore 40, a protrusion on the end of the prong(s) can
snap into a recess in the matrix bore 40, Alternatively, a protrusion on the end of
the prong(s) can extend all the way through matrix bore 40 and snap outwardly
once theprong(s) has penetrated all the way through matrix bore 40. In some
other examples, the one or more prongs or snap connections can extend from
matrix 19 and penetratebores 34, toyield a snap connection similar to that

9
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described above. In some of these examples, a cap can be installed on thetop or
the bottom of the snap and/or its mating bore to create a smooth anterior surface
of proximal portion 28 or posterior surface of matrix 19. In some of these
examples, the snaps can be comprised of a temp erature dep endent shapememory
alioy, such as Nitinol, so that rib links 14a-14f can be placed on matrix 19 as
desired during suigery, and provide a provisional connection which can be
adiusted during surgery, but can take a different shapeto secure proximal
portion 28 to matrix 19 as the surgery proceeds or ends and as the temp erature of
the snap reaches thebody temperature of thepatient.

[0664]  In some examples, fasteners 16 or snaps, can be integrated or
captivated to one or more of proximal portion 28 and/or matrix 19. In some
examples, fasteners 16 can be captivated to proximal portion 28 such that
fasteners 16 are pre-installed in proximal portion Z8 but are not able toback out
of proximal portion 28, vet are able to be rotated and thereby advance through
proximal bores 34 and intomatrix bores 40. In an example, fasteners 16 can be
partially threaded into proximal bores 34 and thereby be housed in proximal
bores 34 priorto surgery, and be ready for advancement into matrix bore 40
during surgery, for exaraple. In an example, fasteners 16 can be retained in
proximal bores 34 using, for examuple, an o-ring Fasteners 16 can be captivated
such that fasteners 16 do not extend past a posterior surface of proximal portion
28 where a force directed towards matrix 19 is required to release fasteners 16
for engagement with matrix bores 40. In this way, fasteners 16 may not interfere
with the placement of proximal portion 28 on matrix 19.

[0665]  In some examples, portions of matrix 19 and/or proxamal portion 28,
and/or thefasteners 16 themselves can comprise a magnetized material. In
operation of some of these examples, magnetic portions of matrix 19 and/or
proximal portion 28 can attract fasteners 16, preventing {asteners from falling
into a patient’s thoracic cavity during a surgical operation.

[0066] In some examples, matrix bores 40 can be of a quantity that is equal to
a quantity of all of proximal bores 34, providing a predetenmined configuration
for attaching rib links 14 tosternal implant 12, which can save time in
procedures. In some other examples, matrix bores can be of a quantity that is
larger than a quantity of all of proximal bores 34, sothat proximal portions 23

can be coupled tomatrix 19 in various configurations. This variation offers intra-

10
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sternal implant 12 in a configuration that matches anatomy of a patient, as
desired.

(86677  Distal portions 32 of each of rib links 14a-14f can couple toribs, such

L

as ribs 102 of FIG. 1, using distal bores 36, Distal bores 36 can be sized to

accept bone screws or other bone fasteners to secure rib finks 14a-14f to ribs. In

some examples, distal bores 36 can be configured toaccept sutures. In some

examples, distal bores 36 can be staggered about distal portions 32 so that

stresses or forees transterred between distal portions 32 and ribs can be

10 distributed throughout the ribs and distal portions 32, This can help prevent
fracturing of distal portions 32 and can help prevent fracturing of ribs.
[0668]  Alignment tabs 38 (or locating tabs or positioning tabs) can be integral
todistal portions 32 and can be disposed at a distal termination along a superior
edge of distal portions 32. In other examples, alignment tabs 38 can be located

15 along any other edge of distal portions 32. Alignment tabs 38 can extend
superiorly from the distal portions 32 and can curve superiorly and posteriorly.
In this manner, alignment tabs 38 can be curved to partially engage arib, helping
to position distal portion 32 in parsllel or coaxial alignment with the rib.
(96691  Strut 30 can connect distal portion 32 to proximal portion 28 for each

20 of rib links 14a-14f Strut 30 can have a cylindrical geometric shape, in some
examples, and can have other geometric shapes, such as a rectangular prism, and
the like, in other examples. Struts 30 can be holiow or solid in cross-section. In
some examples, thecylindrical geometric shape of strut 30 can allow for distal
portion 32 and proximal portion 28 to he moved relative to each other. The

25  cylindrical geometry of struts 30 can allow for bending of strut 3010 any
direction or any plane, for example using a rod bender. This can enable surgeons
to make minor adjustments in locating distal portions 32 relative tothe ribs
during a procedure, or proximal portions 28 relative to matrix 19, This flexibility
and adjustability can overcome the disadvantage of having to fracture ribs to

30 align ribs witha single piece plate that is not adjustable.

[0676]  Though matrix bores 40, suture bores 24, and superior bores 26 are

shown in specific locations on sternal implant 12, these bores can be placed in

any location on sternal wnplant 12 to align with a patient’s anatomy .

1t
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10071}  FIG. 4 shows an isometric view of irnplant 10 from a posterior
perspective, in accordance withan example of the present disclosure. Tmplant 10
can include sternal implant 12, rib links 14a, 14b, 14c¢, 14d, 14e, and 14f. Sternal
implant 12 cav include superiorportion 18, matrix 19, and inferior portion 20,
Inferior portion 20 can include cartilage links 22, which can include suture bores
24. Superior portion can include superior bores 26. Each of rib links 14a-141 can
include proximal portion 28, strut 30, and distal portion 32. Each of distal
portions 32 can include distal bores 36, and alignment tabs 38. Also shownin
FIG. 4 are onentation identifiers superior, inferior, proximal, and distal,

[6672]  The components of FIG. 4 can be conuected and operate consistently
with FI(GS. 123, However, FIG. 4 shows additional details of implant 10, such as
rib mating surface 46 of rib links 14a-14f, superior mating surface 48 of superior
portion 18, cartilage mating surface 50 of cartifage links 22, and sternal mating
surface 51 of matrix 19. Tothe extent there is a portion of sternum remaining,
the sternal mating surface 51 may be attached tothe portion of the sternum using
fasteners 16 and matrix bores 40, for example.

[0673] Rib mating surface 46 can be a posterior surface of distal portion 32 of
cach of rib links 14a-14f. Superior mating surface 48 can be a posterior surface
of superiorportion 18 of sternal implant 12, Cartilage mating surface 50 canbe 2

posterior surface of each of cariilage links 2

o)

[

[0674]  Each of rib mating surface 46, superior mating surface 48, and
cartilage mating surface 50 can have a surface topography that is matched tothe
bones and tissues of a patient sothat the bone can conform to the mating surface
of the bone and/or tissue. This can provide better fit, adhesion, ingrowth, a
higher friction interface, and comfort of iraplant 10,

[9675]  Additionally or alternatively, cach of rib mating surface 46, superior
mating surface 48&, cartilage mating surface 50, and/or sternal mating surface 51
can receive a porous titamium plasma spray coating This coating can promote
ingrowth and provide a higher friction interface between the components of
implant 10 and the mating bone and/or tissue. These benefits can provide
secondary benefits such as better stability and can reduce a load on fasteners 16
and bone fasteners, which can prevent future procedures, saving cost and
improving quality of life. Additionally or alternatively, each of rib mating
surface 46, superior mating surface 48, cartilage mating surface 50, and/or

12
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sternal mating surface 51 can comprise a textured surface, including concave
dimples, convex protrusions, or small pin-like protrusions, for example, toaid in
attachment and/or adhesion to bone and tissue.

[8676] FIG. 4 also shows how alignment tabs 38 can curve superiorly and
posteriorly, suchthat alignment tabs 38 can engage a superior surface of ribs to
position and align distal portions 32 relative to ribs 102

[0677]  FIG. 5 shows an isometric view of implant 10 and tool 100, in
accordance with an example of the present disclosure.

{0678}  Implant 10 can mclude sternal implant 12, and rib link 14d. Sternal
implant 12 can include superior portion 13, matrix 19, and inferior portion 20.
Inferior portion 20 can include cartilage hnks 22, Rib link 144 can include
proximal portion 28, strut 30, and distal portion 32. Each of proximal portions 28
can include proximal bores 34. Matiix 19 can include matrix bores 40. Tool 100
{lag tool) can include threaded portion 102, collar 104, and tool interface 106.
Also shownin FIG. 5 are orientation identifiers superior, inferior, proximal, and
distal.

[0679] Tmplant 10 can be connected and can operate consistently with FIGS.
1-4. However, FIG. 5 shows how tool 100 can interface with iroplant 10, Tool
100 can have a generally elongate body comprising a oylindrical geometric
shape, in one example, and can have other geometric shapes in other examples.
In one example, tool 100 can have a geometric shape of a hexagonal cylinder
{apart from threaded portion 102}, configured to engage a standard hex coupler
or driver. Tool 100 can be comprised of any rigid material capable of
transmitting torque, such as metals, plastics, and the like. In one example, tool
100 can be comprised of a stainless steel alloy.

[0688]  Tool 100 can include collar 104 disposed near a distal termination of
tool 100. Threaded portion 102 can extend from collar 104 toa distal termination
of tool 100, Threaded portion 102 can be threaded toallow engagement with
matrix bores 40 of matrix 19. Toolinterface 106 can be a circumferential groove
or channel disposed toward a distal termination of tool 100. Tool interface 106
can be used to secure tool 100 to a driver or other tool to transmit a torque totool
100,

[6681]  In operation of one example, rib link 14d can be placed near matrix

19. Then, threaded portion 102 can be inserted into one of proximal bores 34.

13
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Threaded portion 102 can thereafter be threaded into any selected bore of matrix
bores 40. Agtool 100 is threaded into an initial matrix bore 40, collar 104 will
contact an anterior surface of proximal portion 28. As tool 100 is threaded
further into the itial matrix bore 100, collar 104 will force or lag proximal
portion 28 toward matrix 19 and will align proximal bores 34 with matrix bores
40 sp that fasteners 16 can be inserted through the other proximal bores 34 and
threadably engaged with the other matrix bores 40 to secure proximal portion 28
tomatrix 19. Afteroneg, two, or three of fasteners 16 have been threaded through
proximal bores 34 and into matrix bores 40, tool 100 can be unthreaded from the
initial matrix bore 40 and removed, allowing another of fasteners 16 tobe
secured intothe initial matrix bore 40 that received tool 100, Tool 100 can then
be used to lag another of rib links 14 tomatrix 19. Tool 100 can provide the
benefit of easily lagaing and aligning proximal portions 28 with matrix 19,
which can save time and energy during an operation or procedure.

{0082}  In some examples, adistal end, and/or other distal portion, of tool 100
can include a permanent magnet configured to magnetically couple toone or
more of matrix bores 40 and proximal bores 34. This can allow proximal portion
28 tobe more quickly lagged to matrix 19.

(06831 FIG. 6 showsa flow chart of a surgical procedure performed using
implant 10 and tool 100, in accordance with an example of the present
disclosure.

[0684]  The steps or operations of the method of FIG. ¢ are iilustrated in a
particular order for convenience and clarity; many of the discussed operations
can be performed in a different sequence or in parallel, and some op erations may
be excluded, without materially impacting other operations. The method of FIG.
6, as discussed, includes operations performed by multiple different actors,
devices, and/or systems. It is understood that subsets of the operations discussed
in the method of FIG. 6 attributable toa single actor, device, or system could be
considered a separate standalone process or method.

[0685]  In operation of one example, a sternum, such as sternum 104 can be
removed or resected in a procedure at step 602, Ribs 102 can also be resected or
detached from sternuwm 104 at step 604. In some examples, manubriunt 104 can
be partially or fully removed from rib cage 100 at step 602, Also, cartilage 108
can be detached from sternum 104 at step 604

14



[0086]  After anatomical components have been removed, resected, and/or
detached, step 606 can be performed, where sternal implant 12 is positioned to
replace sternum 104. At step 608, sternal implant 12 can be secured at superior
portion 18 to sternum 104 and/or manubrium 106 using bone fasteners. Also, at
5  step 608, cartilage links 22 can be sutured to cartilage 108 and rib links 14 can

be secured to ribs 102. Alternatively, cartilage links 22 can be sutured to
cartilage 108 after rib links 14 are secured to sternal implant 12 and ribs 102. Rib
links 14 can alternatively be secured to ribs 102 in later steps, as described
below.

10 [0087] Atstep 610, tool 100 can be used to lag one of rib links 14 to matrix
19, so that fasteners 16 can be used to secure the rib link 14 to matrix 19. Tool
100 can then be removed so that fastening or securing can be completed for that
rib link at step 612. The process of steps 610 and 612 can be repeated until all of
1ib links 14 are secured or coupled to sternal implant 12.

15 [0088] Step 614 can then be performed, where rib links 14 are aligned with
ribs 102. In some cases, rib links will need to be bent at strut 30 to align rib links
14. In some other cases, alignment tabs 38 can be used to align rib links 14 with
ribs 102. In some examples, steps 614 and 616 can be performed prior to steps
610 and 612, as desired by a physician. At step 616, distal portions 32 of rib

20  links 14 can be secured to ribs 102 using bone fasteners that engage an anterior
face of distal portions 32. At step 618, the procedure can be completed, which
can include connecting other soft tissues, such as muscles, ligaments, cartilage,

tendons, and bones, and can include closing the opening.

15
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Additional Notes

[0089] The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the
disclosure can be practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of
those elements shown or described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof) shown or described herein.
[0090] In this document, the terms “a” or “an”™ are used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one™ or “one or more.” In this document, the
term “or” is used to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In this
document, the terms “including” and “in which™ are used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising™ are open-ended, that
1s, a system, device, article, composition, formulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the
terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects.

[0091] The above description is intended to be illustrative, and not restrictive.
For example, the above-described examples (or one or more aspects thereof) can
be used in combination with each other. Other examples can be used, such as by
one of ordinary skill in the art upon reviewing the above description. Also, in
the above detailed description, various features can be grouped together to
streamline the disclosure. This should not be interpreted as intending that any

disclosed feature is essential. Rather, inventive subject matter can lie in less

16

Date Regue/Date Received 2020-12-10



than all features of a particular disclosed example. The scope of the invention
should be determined with reference to the appended claims, which are to be

purposively construed.
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CLAIMS:

1. An implant assembly for a human sternum and ribs, the implant assembly
comprising:
a sternal implant couplable to a sternum and including a matrix portion
comprising a plurality of matrix bores; and
a first rib link comprising:

a distal portion couplable to a rib;

a proximal portion including a plurality of rib link bores alignable with
any of the plurality of the matrix bores, the rib link bores and the
matrix bores together configured to receive a fastener
therethrough to secure the proximal portion to the matrix portion
of the sternal implant at a desired position of the rib link on the
sternal implant; and

a strut connecting the distal portion to the proximal portion.

2. The implant assembly of claim 1, further comprising:
a plurality of rib links including the first rib link, each of the plurality of rib links

releasably couplable to the sternal implant.

3. The implant assembly of any one of claims 1-2, wherein the sternal implant further
comprises:
a superior portion securable to the sternum;
an inferior portion securable to costal cartilage; and
wherein the matrix portion is disposed between the superior and inferior
portions, and configured to receive the proximal portion of the first rib

link.

4. The implant assembly of claim 1, further comprising:

18
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a plurality of rib links including the first rib link, each of the plurality of rib links

releasably couplable to the matrix portion.

5. The implant assembly of claim 3, wherein a distal portion of the sternal implant
further comprises:
a first cartilage link extending from the inferior portion, the cartilage link

including a plurality of suture bores.

6. The implant assembly of claim 5, wherein the inferior portion of the sternal implant
further comprises:
a plurality of cartilage links including the first cartilage link, each of the plurality
of cartilage links extending from the inferior portion and including a

plurality of suture bores.

7. The implant assembly of any one of claims 1-6, wherein the strut comprises a

cylindrical geometry.

8. The implant assembly of claim 1, wherein the distal portion comprises:
an alignment tab extending from the distal portion configured to at least partially

engage the rib to align the distal portion with the rib.

9. The implant assembly of claim 8, wherein the distal portion comprises:
a posterior surface mateable to the rib and comprising a patient-matched

topography.

10. The implant assembly of claim 9, wherein the distal portion comprises:
a plurality of bores configured to receive bone fasteners, the plurality of bores
staggered across the distal portion to distribute stress transferred between

the rib and the distal portion.

19
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11. The implant assembly of claim 9, wherein the strut is configured to flex so that the

distal portion can be aligned with the rib.

12. The implant assembly of any one of claims 1 to 11, wherein the fastener comprises

an anti-rotation cap configured to prevent the fastener from backing out of the proximal

portion.

20
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