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(57) Abstract: A mandibular bone plate (10) can
include a body (40) that defines a bone facing
surface (44), an outer surface (48) that 1s oppos-
ite the bone facing surface, and a plurality of
bone anchor holes (52) that extend through the
body from the bone facing surface to the outer
surface. The body can include a chin portion
(56) and first (60) and second (64) extension
portions that extend from the chin portion such
that the bone facing surface of the chin portion
faces the mferior surtace of the mandible when
the mandibular bone plate 1s attached to the
mandible and the bone facing surfaces of the
first and second extension portions at least par-
tially face the lingual surface of the mandible
when the mandibular bone plate 1s attached to
the mandible.
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MANDIBULAR BONE PLATE

CROSS REFERENCE TO RELATED APPLICATIONS

{0611 This application claims priority to ULS. Provisional Application Serial No,
61/783,4872, filed on March 14, 2013, and to LIS, Apphcation Serial No. 13/827,184, filed on
March 14, 2013, the contents of cach of which are hereby mcorporated by reference as if set

forth 1n their entirety herein.

-

BACKGROUND

{0621 An mdividual may requare a mandible reconstruction duc to trauma, atrophy, oF
a tumor. To remove a tumor, the surgeon may cut the mandible on either side of the tumor
thereby separating the tumor from the mandible. Once the tumor 1s removed, the mandible 1s
scparated into a first part and a second part. H needed, the first part and/or the second part may
be repositioned and screws and plates are used to fix the first part and the second part together
until natural bone healing takes place.

{883} The mandibular bone plates carrently used are shaped so as to be attached {0 a
buccal surtace, and i some cases on an inderior surface of the mandible. As a resuli, these plates
have relatively high protiles which may cause wrritation to the surroundmg soft tissue such as for
example to the surrounding blood vessels, muscles, nerves, and skin, and may also cause
palpable cosmetic deformities. Furthermore, the adaptation of these plates to facilitate an

anatomical placement may result in degraded performance and/or reduced fatigue iife.

SUMMARY

{3064]  In an embodiment, 8 mandibular bone plate that 1s configured to be attached t0 a
mandible that defines a buccal surface, a lingual surface, and an mferior surface that joins the
buccal surface to the hingual surface, can inchude a curved chin portion having a first end and a
second cnd and a first extension portion that extends from the first end along a first axis and 18
elongate along the first axys 50 as to defme a proximal end that 1s proxymate the first end and a
distal end that 1s spaced from the proxamal end along the first axis. The first extension portion
can defme a first bone facing surface, a first outer surface that 18 opposite the first bone facing
surtace, and a plurality of bone anchor holes that extend from the first bone facing surface to the
first outer surface. The first bone facing surtace can have an mferior end and a superior end that

is spaced from the micrior end along a first direction that 1s perpendicular to the first axis.  And,
21
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the first extension portion can be onented such that a hine that 1s tangential to the mierior end and
to the supertor end of the first bone facing surtace along the first direction at a distal portion of
the first extension porfion 1s rotated about the first axis relative 1o a line that 1s tangential to the
mferior end and 1o the supernior end of the first bone facing surtace along the first direchon at a
proxumal portion of the first extension portion so that the first bone facing surtace 1s configured
to abut at lcast a portion of at least two of the buccal, lingual and mferior surfaces of the
mandible when the mandibular bone plate 15 attached to the mandibie.

[#385] In another embodiment, a mandibular bone plate can mnclude a body that defines
a bone facing surface, an outer surtace that s oppostte the bone facing surface, and a plurality of
bone anchor holes that extend through the body from the bone facing surtace to the outer surface.
The body can mclude a chin portion and first and second extension portions that extend from the
chin portion such that the bone facimg surface of the chin portion faces the miterior surface of the
mandible when the mandibular bone plate 18 attached to the mandibie and the bonge facing
surfaces of the first and sccond extension portions at icast partially face the hingual surface of the
mandible when the mandibular bone plate 1s attached to the mandible.

{386]  In another cmbodiment, a method of atfixing a bonge plate to a mandible having
a buccal surtace, a ingual surface, and an miferior surtace that extends from the lingual surface to
the buccal surface, can mclude the steps of exposing the mierior and hingual surtaces of the
mandible; positioning a bone plate against the mandible such that portions of the bone plate abut
the lingual surtace of the mandible; and atfixing the bonge plate (o the mandiblc with a plurality

of bone anchors.

BRIEF DESCRIPTION OF THE DRAWINGS

{00671 The foregomg summary, as well as the following detatled description of the
preferred embodiments of the application, will be better understood when read 1n conjunction
with the appended drawings. For the purposes of illustrating the present disclosure, there 1s
shown 1 the drawmgs preferred cnibodiments, ft should be understood, however, that the
appiication 15 not inuted to the specific embodiments and methods disclosed, and reference 1s
made to the claims for that purpose. In the drawings:

{BBOR]  Fig. 1A 1s a perspective view of an example mandible that detines a buccal
surface, a hingual surface, and an mierior surface that extends from the lingual surtace 1o the

buccal surface:
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{BB88] Fig. 1B 15 a perspective view of a mandibular bone plate i accordance with an
cmibodiment attached to the mandible shown m Fig. 1A, the mandibular bone plate being
contigured to abut portions of the hngual surface of the mandibic when attached {0 the mandible;

{00108]  Fig. 2ZA 15 atop perspective view of the mandibular bone plate shown m Fig. 1B,
the mandibular bone plate including a body that has a chin portion, a first extension portion that
extends from the chim portion along a first axis and a second extension portion that extends from
the chin portion along a second axis, the body detining a bone facmg surface, an outer surface
that 15 opposite the bone tacmg surface, and a plurahity of bone anchor holes that extend through
the body from the bone facing surface to the outer surface;

G011} Fig. 2B 15 a side clevation view of the mandibular bone plate shown in Fig. 2A;

00121 Fig. 2C s a front elevation view of the mandibular bone plate shown o Fig. 2A;
[0013] Fig. 2D s a rear elevation view of the mandibular bone plate shown 1in Fig. 2A;
[G¢14] Fig. 2E 15 a bottom plan view of the mandibular bone plate shown 1n Fig. ZA;
[B815]  Fig. 2F 15 a top plan view of the mandibular bone plate shown mm Fig. ZA;
[#016] g 2G 18 a cross-sectional view of the chin portion of the mandibular bone

plate shown m Fig. 2F through the line 2G-2G;

{30171 Fig. 2H 15 a cross-sectional view of the first extension portion of the mandibular
bone plate shown m Fig. 2F through the line 2H-2H;

[G018] Fig. 2115 a cross-sectional view of the second extension portion of the
mandibular bone plate shown in Fig. 2F through the line 21-21;

[B18] Fig. 3A 15 a cross-sectional view showing an embodiment of a bone anchor hole
of the mandibolar bone plate shown i Fig. 2A, the bone anchor hole bemng configured as a
variabic angle non-locking bone anchor hole;

{0261 Fig. 3B 15 a top plan view showing another emibodument of a bone anchor hole
of the mandibular bone plate shown in Fig. 2A, the bone anchor hole being contigured as a
variable angle locking bone anchor hole;

G821} Fig. 3C 15 a top plan view showing vet another embodiment of a bone anchor
hole of the mandibular bone plate shown n Fig. 2A, the bone anchor hole being configured as a
variable angle lockmg bone anchor hole;

{0221 Fig. 4A 15 an example embodiment of a bone anchor that may be used to attach
the mandibular bone plate to the mandible, the bone anchor being configured as a locking scrow;

{00231 Fig. 48 15 another example embodiment of g bone anchor that may be used 1o

attach the mandibular bone plate to the mandible, the bone anchor being contigured as an
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expandable fixation member having a cannulated shaft and an expansion member that 13
contigured to expand the shaft;

130241 Fig. 4C 15 the expandablc fixation member of Fig. 4B 10 an expanded
contiguration;

[0025] Fig. 5A 18 a bottom perspective view ¢of the mandibular bone plate shown m Fig.
2A attached to the mandible shown m Fig. 1A;

[B826]  Fig. 5B 1s a sude elevation view of the mandibular bone plate shown mn Fig. 2A
attached to the mandible shown in Fig. 1A;

{BO271  Fig. SC 15 a front elevation view of the mandibular bone plate shown 1 Fig. ZA
attached to the mandible shown m Fig. 14

{00281 Fig. 5D 15 a top plan view of the mandibular bone plate shown m Fig. 2A
attached to the mandible shown in Fig, 1A;

[G428] Fig. 53E 15 a bottom plan view of the mandibular bone plate shown 1n Fig. ZA
attached to the mandible shown in Fig. 1A;

{B038] g, SF1s a cross-sectional view of the mandibular bone plate attached to the
mandibic shown in Fig, S through the line SF-SF;

{0311 Fig. 615 2 schematic of an example drill guide configured to be used 1o form
holes i the mandible;

[$032] Fig. 7 15 a cross-sectional view of a bone anchor being inserted through the
buccal surface of the mandible and mto the mandibular bone plate {0 therchy attach the bone
plate to the mandible; and

{B033] g, 8 18 a cross-sectional view of a bone anchor bemng mserted through the bone
plate and into the miterior surface of the mandible and a bone anchor being nserted through the

bone plate and mio the bingual surface of the mandible,

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[3034] Coertam terminelogy 18 used m the followmg descnption {or convemence only
and 1s not himrting, The words "right”, "left”, "lower” and "upper” designate directions n the
drawings to which reference 1s made. The words “proximally” and “distally” refer to directions
toward and away from, respectively, the surgeon using the surgical device., The words,

39 ax

“anterior”, “posterior’”, “superior”, “miterior” and related words and/or phrases designaic

»
&

preferred positions and orientations m the human body to which reference 18 made and are not

- L -
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meant to be imiting. The termunology mceludes the above-hsted words, dertvatives thereot and
words of similar import,

130351 As shown in Figs. 1A and 18, a mandibular bone plate 10 can be configured to
be athixed to a mandible 14 to thereby correct certain conditions of the mandible related to
structure, growth, Temporomandibular Joint Disorder {TMJ disorder) or to correct orthodontic
problems. As shown in Fig. 1A, the mandible 14 detines an outer or buccal surface 1€, an mner
or fingual surface 22, and a lower or mierior surface 26 that extends from the hingual surface 22
to the buccal surface 18, As shown i Fig. 1B, the mandibular bone plate 10 1s configured to be
attixed to the mandibie 14 such that portions of the mandibular bone plate 10 abut the lingual
surface 22 of the mandibie 14, As shown 1 Fig. 1B, the mandibular bone plate 10 can be
further configured to be attixed to the mandible 14 such that portions of the mandibular bone
plate 10 also face the mifenor suriace 26 of the mandible 14 to thereby avoid certam tissue such
as for example a throat portion 15, 1t should be appreciated, however, that the mandibular bone
plate 10 can be configured to be positioned to abut both the buccal and mierior surfaces 18 and
26 or all three surtaces 18, 22, and 26 of the mandibic 14 as desired. Because of the positioning
and geometry of the mandibular bone plate 10, at least the palpability of the bone plate 10 can be
reduced, as compared 10 bone plates that are attached solely to the buccal or inferior surfaces 18
and 26 of the mandible 14, It should be appreciated, that the mandible 14 1s for illustration
purposes only and that the mandibular bone plate 10 can be attached to any type of mandible m
any type of condition. For exampie, the mandibular bone plate 10 can be configured to be
attached 10 an atrophic mandible. It should further be appreciated that the mandibular bone plate
10 can be configured to be affixed to the mandible 14 for any desired reason and/or to
correct/treat any tyvpe of condition, fracture, or reconstruction.

{30361 Referning to Figs. 2A-21, the mandibular bone plate 10 and various components
of the bone plate are described herein extending horizontally along a longitudinal divection “L”
and lateral direction “A”, and vertically along a transverse direction *“T7. Unless otherwise
spectiicd berein, the terms “lateral,” “longitudinal,” and “transverse” are used {0 describe the
orthogonal directional components of vartous components. When the mandibular bone plate 10
15 implanted onto a mandible, such as the mandible 14, the fransverse direction T extends
vertically generally along the superior-mnferior (or cramal-caudal) direction, while the planc
defined by the longitudinal direction L and lateral direction A extends horizontally, generally in
the anatomical plane detined by the medial-lateral divection and the anterior-postenior direction.

Accordingly, the directional terms “vertical” and “horizontal” are used to describe the
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mandibular bone plate 10 and 1ts components as ihustrated merely for the purposes of clanty and
ithustration,

{0371 As shown n Fig. 2A, the mandibular bone plate 10 can mciude a substantially
v-shaped body 40 that defines a proxumal end P and a distal end D, The v-shaped body can
further detime a bone facimg surface 44, an outer surtface 48 that 15 opposite the bone facing
surface 44 at least partially along the transverse direction T, and a plurality of bone anchor holes
52 that extend through the body 40 from the bone facing surface 44 to the outer surface 48, The
mandibular bone plate 10, and in particalar, the v-shaped body 40 can include a chin portion 56,
a first extension portion 60 that extends from the chin portion 56 gencrally along the lateral
direction A, and a second exiension portion 64 that extends from the chin portion 56 generally
along the lateral direction A, The chin portion 56, first extension portion 60, and the second
extension portion 64 are onented such that the bone facing surface 44 of the chin portion 36
taces the mferior surface 26 of the mandible 14 when the mandibular bone plate 10 1s attached o
the mandibie 14 and the bone facing surfaces 44 of the first and second extension portions 60
and 64 at least partially face the lngual surface 22 of the mandibie 14 when the mandibular bong
plate 10 15 attached to the mandibie 14, It should be appreciated, however, that the chin portion
56, the first extension portion 60, and the sccond extension portion 64 can be oriented such that
the bone plate 10 abuts or otherwise faces at feast two of the buccal, hingual, and mnferior surfaces
18, 22, and 26. It should further be appreciated, that the body 40 can have any general shape as
desired. For example, the body 40 could be substantially U-shaped as desired, or substantially J-
shaped as destred. Theretore 1t should further be appreciated, that the bone plate 10 can be
conhigured as one J-shaped plate or as a pair of J-shaped plates each having a chin portion and a
respective extension. The orientation of the bone facing surface 44 can be anatomically derived.
For example, the ortentation of the bone tacing surface 44 can be derved by taking statistics of a
plurality of mandibles 14 10 thereby dernve an onentation that would correspond to a majority of
mandibles. it should be appreciated, however, that the orientation of the bone facing surface 44
can be dertved using any method as desired. The mandibular bone plate 10 can be formed from
a variety of biocompatible materials, such as cobalt chromium molvbdenum (CoCrMo), titanium,
and titanium alioys, stamless steel, ceramics, of polymers such as polyetherctherketone (PEEK),
polyetherketoneketone (PEKK), bioresorbable and/composite materials. A coating may be
added or applied to the mandibular bone plate 10 to waprove physical or chenucal propertics or
to provide medications. Examples of coatings mchude plasma-sprayed fitanuum, Hydroxvapatite,

or antibacterial coatings.
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{30381  With contimued reference to Figs. 2ZA and 2C-2F, the chin portion 56 can be
curved along the longitudmal direction L and has a first end 72a and a second end 72b that is
spaced from the first end 7Z2a along the longitudmal duection L. As shown m Figs. ZA-2F, the
chin portion 56 can define a chuin bone facing surface 76 of the bone facing surface 44, an outer
surface 80 that 1s opposite the chin bone tacing sartace 76, and at least one bone anchor hole 84
of the bone anchor holes 52, such as a plurality of bone anchor holes 84, that extend through the
chun portion 56 from the chin bone facmg surtace 76 to the outer surface 84, As shown m Fig.

i B, the chan portion 56 ¢an be flat such that the chin bone facing surtace 76 faces and 15 spaced

=

from the mferior surface 26 of the mandible 14 when the mandibular bone plate 10 15 attached to
the mandible 14. 1t should be appreciated, however, that the chin portion 56 can have any
configuration as desired. For example, the chin portion 56 can mclude undulations or otherwise
be configured such that at least a portion of the chin bone facing surtace 76 faces the hngual
surface 22 of the mandibie 14 when the mandibular bong plate 10 15 attached to the mandibie 14
and/or such that at least a portion of the chin bone tacing surtace 76 abuts the inferior surface 26
of the mandible 14,

{0381  As shown in Figs. 2A, 2F and 26, the chin portion 56 can further detine a furst
side surface 88 that exiends from the outer surface 80 to the chin bone facing surface 76 and a
second side surface Y2 that 1s opposite the first side surface 88 and extends from the outer
surface () to the chin bone facing surface 76. As shown in Fig. 20, the first and second side
surfaces 88 and 92 can be convex or otherwise curved. As shown tn Fig. 2F, the chin portion 56
can further mmchude a plurality of weakened portions 96 between adjacent bone anchor holes 84,
The weakened portions 96 are configured to allow the chin portion 56 to be bent during
implantation of the mandtbular bone plate 10, In particular, cach weakened portion 96 1s defined
by at least a furst recess 100 that extends mnto the first side surface 8% and a second recess 102
that extends nto the second side surface 92 opposite the first recess 100, In the ulustrated
cmbodiment, the chin portion 56 mchudes six bone anchor holes 84 and tour weakened portions
96. It should be appreciated, however, that the chin portion 56 can mclude any number of bone
anchor holes 24 as desired and any number of weakened portions 96 as desired. 1t should be
further appreciated, that the weakened portions 96 can be detined by other structure. For
example, the weakened portions 96 can be defined by recesses tormed 1 the chin bone facing
surface 76 and/or the outer surface 80.

130481 In some embodiments, the first and second recesses 100 and 102 can also be
configured as suture retention recesses. For example, a sature that 15 used to approximate tissue

that 1s overlying the mandible can be wrapped around the chin portion 56 within the first and

- i -
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second recesses 100 and 102, The tirst and second recesses 100 and 102 can help prevent
migration of the suture atter approximation. It should be appreciated, that the suture can be
wrapped around the chin portion 56 such that the suture is looped around the chin portion once
or such that the suture 1s wrapped around the chin portion 56 multiple fimes, as desired.

[G041]  With continued reference to Fig. 2, at least a portion of the chim portion 56, up
to the entirety of the chin portion 56 can be substantially triangular shaped n cross-section. That
15, the chin portion 56 can taper from the first side surface 82 to the second side surface 92.
Therctore a thickness of the chim portion 56 at the second side sarface Y2 ¢an be less than that of
the chin portion 56 at a center of the chin portion 56 between the first and second side surfaces
2% and Y2, It should be appreciated, however, that the chun portion 56 can have any shape mn
cross-section as desired. For example, the chan portion 56 can be rectangular shaped m Cross-
section as desired. It should be further appreciated, that substantially triangular shaped means to
have either a triangular shape or the general appearance of a triangie. For exampie, while the
chin portion 56 has first and second side surfaces 8% and 92, because of the taper, the chin
portion 56 substantially defines a triangle m cross-section.

{8421 Now m reference to Figs. 2A-2F, the first extension portion 60 generally
cxtends from the first end 72a along a first axis A and 15 clongate along the first axis Ay, and the
second extension portion 64 generally extends from the second end 72b along a second axis A;
and 15 ¢longate along the second axis A;. The first extension portion 6{ defines a proximal end
73a that 1s proximate the first end 72a and a distal end 73b that s spaced from the proximal end
73a along the first axis A;. The second extension porfion 64 defines a proximal end 74a that 1s
proximate the second end 72b and a distal end 74b that 1s spaced from the proximal end 74a
along the first axis A».  As shown m Fig. 2C, the first exiension portion 60 defines a first bone
facing surface 106 of the bone facmg surface 44, a first outer surface 110 that s opposite the first
bone facing surtace 106, and a plurahty of bone anchor holes 114 of the plurality of bone anchor
holes 532 that extend from the first bone facing surface 106 to the first outer surface 11, The
second exicnsion portion 64 defines a second bone facing surface 118 of the bone facmg surtace
44, a second outer surtace 122 that 15 opposiic the first bone facing surface 118, and a plurality of
bone anchor holes 128 of the plurality of bone anchor holes 52 that extend from the second bone
tacing surface 1138 to the second outer surtace 122, The chin bone facing surface 76, the first
bone facing surface 106, and the second bone facing surface 11€ are comcident so as to define
the bone facing surface 44 of the body 40 such that the bone tacing surface 44 1s continuous.
Stmtlardy, the outer surtaces 3{), 110, and 122 are comcident so as to defime the outer surface 43

of the body 40 such that the outer surface 48 1s continuous. 1t should be appreciated, however,
-8 -
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that the surfaces 76, 106, and 1 I¥ and/or the surfaces 80, 110, and 122 can be interrupled 50 as to
provide minimal or reduced contact with the bone. For cxample, any of the surfaces 76, 80, 106,
P10, 118, and 127 can detine a scallop or recess that mterrupis the contuuity of the surfaces.

100431 As shown m Fig. 2A, the first bone facing surface 106 defines an inferior end
106a and a superior end 106b that 1s spaced from the mierior end 106a along a first direction that
ts perpendicuiar to the first axis Ay, Simtlarly the second bone facing surtace 118 defines an
miferior end 1183 and a superior end 118b that 1s spaced from the mierior end 1064 along a
second direction that 1s perpendicular to the second axas A,. The first and second directions
should be taken along the shortest distance between the respective miertor and superior ends. H
should be appreciated, that the first and second directions will change along the length of the first
and second extension portions 60 and 64 because the orientation of the first and second extension
portions 60 and 64 changes along their lengths, That s the first and second directions will be a
direction that takes the shortest path from the inferior end to the superior end that is
perpendicuiar to the respective axes at any point along the first and second extension portions 60
and 64.

{3844} As shown m g, 2F, the first and second extension portions 60 and 64 are
generally spaced from cach other along the longitudinal direction L. and the first and second axes
Ay and A; are angularly offset from cach other such that an angle 815 defined between the first
and second axes A and Ay, Theretore, the first and second extension portions 64 and 64 diverge
as they extend distally from the chin portion 36, It should be appreciated that the angle 8 can be
any angle as desired.

[B045]  As shown m Figs. 2B-2D, the first extension portion 60 s twisted
counterclockwise about the first axis Ay relative to the curved chin portion 56 such that the first
bone facing surtace 106 is configured to abut at least a portion of the lingual surface 22 of the
mandibie 14 when the mandibular bone plate 1015 attached to the mandible 14, That 15, the first
extension portion 60 is rotated counterclockwise about the first axus Ay relative to the chin
portion 56 from the proximal end 73a and toward the distal end 73b so as to define a twisted
shape such that portions of the first bone facing surface 106 face laterally outward relative 1o the
chin bone facing surface and away from the second bone facing surface {18, For example, the
first bone facing surface 106 can face away from the second bone facing surtace 118 such that a
line that 1s normal to the first bone facing surtace 106 has at least a directional component that
cxtends away from the second bone facing surface 118 along the longitudinal direction L.

[0046] Theretore it can be sard that the first extension portion 6{ 18 ortented such that a

line N, that 18 normal (o the first bone tacing surface 106 at a distal portion of the {irst exiension
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portion 60 1s rotated about the first axas A, relative to a line Ny that 15 normal 1o the first bone
tacing surface 106 at a proxmmal portion of the first extension portion 106 so that the first bone
facing surface 60 is configured to abut at least a portion of at least two of the buccal, lingual and
mterior surfaces of the mandible when the mandibular bone plate 10 15 attached to the mandible.
It can also be said that the first extension portion 60 15 oriented such that a hine M, that 1s
tangential to the mtertor end 106a and to the superior end 106b of the first bone facing surface
§06 along the first durection at a distal portion of the first extension portion 60 1s rotated about
the first axis A relative to a hine M, that 15 tangential to the mtenor end 106a and to the superior
end 106b of the first bone facing surface along the first direction at a proximal portion of the first
cxtension portion 106 so that the first bone facing surface 60 is configured to abut at {cast a
portion of at least two of the buccal, hngual and mterior surfaces of the mandible when the
mandibular bone plate 10 15 attached {0 the mandible. It should be appreciated, that the proximal
portion can be at the proximal end 73a or some portion between the proximal end 73a and distal
end 73b, and the distal portion ¢can be any portion between the proximal end 73a and the distal
enicd 73b that 18 distal to the proxamal portion. It should further be appreciated, that the first
extension portion 6{ can be twisted along a portion of a length of the first extension portion 60
and up to the entive length of the first extension portion 64, It should also be appreciated, that
twisted 18 used to describe the onentation of the first extension portion 60 and does not
necessarily mean that the first extension portion 68 was actually twisted to torm the disclosed
oricntation. For example, the first extension portion 60 ¢an be molded or nulled to defme the
twisted oricntation.

{#847] As shown m Figs. 2B and 2D, the first bone facing surface 106 mclhudes a
plurality of non-lincar undulations 140 that correspond o respective surface portions of the
mandtbie 14 such as the Lngual surface 22 when the mandibular bone plate 10 15 attached to the
mandible 14, 1t should be appreciated, that the first extension portion 60 can be twisted
counterciockwise or otherwise rotated about the first axis A; such that the first bone facing
surface 106 1s configured {o also abut at least a portion of the mierior surface 26 of the mandible
{4 or any two of the when the mandibular bone plate 10 18 attached to the mandible 14,

[B048]  As shown m Figs. ZA, 20, 2F and 2H, the first extension portion 60 can further
define a thurd side surface 150 that extends from the first outer surface 110 to the first bone
facing surface 106 and a fourth side surface 154 that 1s oppostie the third side surtace 150 and
cxtends from the first outer surface 110 to the first bone facmg surface 106. As shown m Fig,
2H, the thard and fourth side surfaces 106 and 11{ can be convex or otherwise curved. As shown

i Fig, 2A, the first extension portion 60 can further include a phurality of weakened portions 138
- 10 -
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between adjacent bone anchor holes 114, The weakened portions 1538 are contigured to allow
the first extension portion 60 to be bent during mmplantation of the mandibular bone plate 10
and/or 10 be shortened. For example, the weakened portions 158 are proximate to the distal end
[ of the first extension portion 60 such that the first extension portion 60 can be cut or otherwise

broken at one of the weakened portions 138 to thereby shorten the first extension portion 60,

Each weakened portion 158 15 defined by at least a first recess 162 that extends into the third side
surface 150 and a second recess 166 that extends mio the fourth side surtace 154 opposite the
first recess 162, In the illustrated embodiment, the first extension portion 60 mchides nine bone
anchor holes 114 and three weakened portions 158, It should be appreciated, however, that the
first exiension portion 60 can mclude any number of bone anchor holes 114 as desired and any
number of weakened portions 5% as desired. It should be further appreciated, that the weakened
portions 155 can be defined by other struchure., For example, the weakened portions 1538 can be
defmed by recesses formed in the first bone facimg surface 106 and/or the outer surface 110,

{049 With continued reference to Fig, 2H, at least a portion of the first extension
portion 60, up to an entirety of the first extension portion 60 can be substantially triangolar
shaped 1n cross-section. That 1s, the first extension portion 6{ can taper from the third side
surface 150 10 the fourth side surface 134, Thercfore a thickness of the first extension portion 60
at the fourth side surface 154 can be less than that of the first extension portion 60 at a center of
the first extension portion 60 between the third and fourth side surfaces 150 and 154, It should
be appreciated, however, that the first extension portion 60 can have any shape 1n Cross-section,
as desired. For example, the first extension portion 60 can be rectangular shaped in cross-section
as desired.

{B0S8]  Wiuh contimued refercnce to Fig. 2H, the first bone facing surface 106 can be
convex from the third side surface 150 to the fourth side surface 134, The convex shape can heip
conform the mandibular bone plate 10 to at least one of the surfaces 1§, 22, and 26 of the
mandible 14. It should be appreciated, however, that the first bone facing surface 106 can have
any shape as desired. For example, the first bone facing surface 106 can be substantially flat as
desired.

[B051] Referring back to Fags. 2B-2D, the second extension portion 64 15 twisted
clockwise about the second axis Aj relative to the curved chin portion 56 such that the second
bone facing surtace 118 1s configured to abut at least a portion of the lingual surface 22 of the
mandibie 14 when the mandibular bone plate 1015 attached to the mandible 14, That 15, the
second extension portion 64 1 rotated clockwise about the second axis A, relative to the chin

portion 56 from the proximal end 74a and toward the distal end 74b so as to define a twisted
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shape such that portions of the second bone facing surface 118 face laterally outward relative to
the chin bone facing surface 76 and away from the first bone facing surface 106. For example,
the second bone facing surface 118 can face away from the first bone facing surface 106 such
that a ling that 15 normal to the second bone facing surface 1R has at least a directional
component that extends away from the first bone facimyg sartace 106 along the longmudinal
direction L.

{3052}  Therefore 1t can be said that the second extension portion 64 1s oricnted such
that a line Nj that 15 normal to the first bone {acing surface 118 at a distal portion of the second
extension portion 64 1s rotated about the sccond axis Ay relative to a linge Ny that 15 normal to the
second bone facing surface 118 at a proxumal portion of the second extension portion 64 so that
the second bone tacing surface 118 18 contigured to abut at least a portion of at least two of the
buccal, Iingual and mferior surtaces of the mandible when the mandibular bone plate 10 18
attached to the mandible. It can also be said that the second extension portion 64 1s oriented such
that a ine M1 that 1s tangential to the mferior end 118a and to the supenor end 118b along the
second direction at a distal portion of the second extension portion 64 is rotated about the second
axis Ay relative to a hine My that 15 tangential to the infenor end 113a and o the superior end
1 18b along the second direction af a proxumal portion of the second extension portion 64 so that
the second bone tacing surface 11§ 18 contigured to abut at least a portion of at least two of the
buccal, Imgual and inferior surtaces of the mandible when the mandibular bone plate 10 18
attached 1o the mandible. It should be appreciated, that the proximal portion can be at the
proximal end or some portion between the proximal end 74a and distal end 74b, and the distal
portion can be any portion between the proxamal end 74a and the distal end 74b that s distal to
the proximal portion. 1t should further be appreciated, that the second exiension portion 64 can
be twisted along a portion of a length of the second exiension portion 64 and up to the entirg
length of the second extension portion 64, [t should also be appreciated, that twisted 1s used 1o
describe the onentation of the second extension portion 64 and does not necessarily mean that
the second extension portion 64 was actually twisted to torm the disclosed orientation. For
example, the second extension portion 64 can be moided or milled 0 define the twisted

arientation.

{BBS3]  As shown m Figs. 2B and 2D, the second bone facmg surface 118 also meludes
a phurahity of non-lincar undulations 140 that correspond o respective surtace portions of the
mandible 14 such as the lingual surface 22 when the mandibular bone plate 10 15 attached to the
mandible 14. It should be appreciated, that second extension portion 64 can be twisted

clockwise about the second axis Aj such that the second bone facmg surtace 118 1s contigured {0
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als abut at least a portion of the mterior surtace 26 of the mandibie 14 when the mandibular
bone plate 10 1s attached o the mandible 14,

{3054]  As shown i Figs. 20, 2F and 21, the scecond extension portion 64 can further
detine a fifth side surface IR0 that extends from the second outer surface 122 to the second bone
facing surtace 118 and a sixth side surface 184 that 15 opposite the fitth side surface 180 and
extends from the second outer surface 122 0 the second bone facimg surface 118, As shown in
Fig, 21, the fifth and sixth side surfaces 118 and 122 can be convex or otherwise curved., As
shown in Fig. 2F, the second extension portion 64 can turther include a plorality of weakened
portions 188 between adjacent bone anchor boles 128, The weakened portions 188 are
contigured 1o allow the second extension portion 64 to be bent during implantation of the
mandibular bone plate 10 and/or to be shortened. For example, the weakened portions 158 are
proxumate 1o the distal end D of the second extension portion 64 such that the second extension
portion 64 can be cut or otherwise broken at one of the weakened portions 188 to thereby shorien
the second extension portion 64, Each weakened portion 188 18 defined by at least a first recess
192 that extends mito the fitth side surface 150 and a second recess 196 that extends mto the sixth
stde surface 184 oppostic the first recess 192, In the illustrated embodiment, the second
cxtension portion 64 mncludes mime bone anchor holes 122 and three weakened portions 188, It
should be appreciated, however, that the second extension portion 64 can mcelude any number of
bone anchor holes 128 as desired and any number of weakened portions 188 as desired. It
should be further appreciated, that the weakened portions 188 can be defined by other structure.
For example, the weakened portions 188 can be defined by recesses formed 1 the second bone
tacing surface 118 and/or the outer surtace 122,

{OSS]  With continued reference to Fig. 21, at lcast a portion of the second cxtension
portion 64, up to an entirety of the second extension portion 64 can be substantially thiangular
shaped m cross-section. That is the second extension portion 64 can taper from the hifth side
surface 13{} to the sixth side surface 184, Therctore a thickness ot the second extension portion
64 at the sixth side surface 184 can be less than that of a center of the second exiension portion
64 between the fifth and sixth side surfaces 180 and 184, It should be appreciated, however, that
the second extension portion 64 can have any shape 1 cross-section. For example, the second
extension portion 64 can be rectangular shaped in cross-section as desired. 1t should be further
appreciated, that substantially triangular shaped means to have the general appearance of a
triangle.

[$856] With continued reference to Fig. 21, the second bone facing surtace 118 can be

convex from the fifth side surtace 180 1o the sixth side surface 184, The convex shape can help
213 .-
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conform the mandibular bone plate 10 o one of the surfaces 1§, 22, and 26 of the mandible 14,
it should be appreciated, bowever, that the second bone facing surface 118 can have any shape as
destred. For example, the sccond bone facmg surtace 118 can be substantially fiat as desired.

{30571 Now m reference to Figs. 3A-3C, the bone anchor holes 52, such as the bone
anchor holes 84 of the chin portion 56, the bone anchor holes 114 of the first extension portion
64, and the bone anchor holes 128 of the second extension portion 64 can be configured as
tocking or compression holes and as fixed axis or variable angle boles. As shown in Fig. 2C,
cach bone anchor hole 114 and 128 of the first and second extension portions 60 and 64 defines a
respective central axis Ag, and at least some of the contral axes Ay are angular offset with
respect to the other central axes Ay, Therefore, the bone anchors that are received within the
holes 114 and 128 will bave different trajectories as they pass through the holes 114 and 128, It
should be appreciated that the bone anchor holes 52 can all or 1 part have central axes Ay that
arc paralicl or that converge on one or more points that define a trajectory origin or destination.

[GOS8]  As shown m Fig. 34, all of, some of, or none of the bone anchor holes 52 can be
configured as a variable angle compression hole 210, As shown in Fig. 3A, the vanable angle
compression hole 21 can be defined by an interior surface 214 of the bone plate body 40, An
upper portion ot the mterior surtace 214 can be tapercd radially mward toward the central axis
Ag trom the bone facmg surtace 44 toward the outer surtace 4% and a lower portion of the
interior surface 214 can converge away from the central axas Ay, The mterior surface 214 can be
unthreaded and configured to engage an unthreaded head of a compression bone anchor of screw
that provides a compressive foree against the bone plate 10 1n a direction toward the mandible
f4. As shown m Fig. 3A, an outer region 222 of the upper portion of the miterior surface 2§14 can
be curved such that a diameter of the hole 210 decreases variably along the central axas Ay, an
mterior region 228 of the upper portion of the mterior surface 214 can be lingar such that the
diameter of the hole 210 decreases hinearly along the central axis Ay,

{3659  As shown i Figs. 3B and 3C, all of, some of, or none ¢t the bone anchor holes

44 can be contigured as a variable angle locking hole 310z or 310b. As shown in figs. 3B and
3C, each variabic angle bole 310a and 310b 1s defined by an mienor surface 314 of the bone
plate body 40, The mtenor surface 314 mcludes a plurality of columms 3 IR that extend between

the bone facing surface 44 and the outer surface 48. In accordance with the embodiment

hasirated m Fig, 3B, three columns 318 can be equudistantly spaced circumicrentially about the
hole 310a and mn accordance with the embodiment dlustrated m Fig. 3C, four columms 318 can
be equidistantly spaced circamiferentially about the hole 310b. It should be appreciated,

however, that the holes 310a and 310b can alternatively mclude any number of columns as
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desired, spaced circumiterentially equidistantly as llustrated, or at cwrcumicrentially variable
distances as desired. Each cohumn 318 presents mnternal threads 322 that face the respective
holes 310a and 310b such that, if the columns 318 were expanded 10 join cach other (f.e. if
cxtended compietely around the mterior surface 3145, the colunms 318 would form a continuous
helical thread that extends about the central axis Ay of the respective holes 3108 and 310b. Thus,
it can be said that the threads 322 of adjacent colummns 318 are operatively aligned with ¢cach
other.

{#068] 1t should be appreciated that while the columns 3138 present mternal helical
threads 322 as illusirated, the columus 318 alternatively can defme threads that are provided as
teeth formed thereon. The columns of tecth, if expanded o join each other (1.¢., if extended
completely around the interior surface 3145, will not form a hehcal thread, but a series of
concentric ridges and grooves perpendicular to the central axis Ay of the bone anchor hole 52.
Thus, 1t can be said that the tecth can be operatively aligned with each other. The columng 318
are circumicrentially spaced from cach other so as to define corresponding axes that are angled
with respect to the fransverse central axis Ag, such that a screw can extend through the holes
310a and 310b at any of a variety of angled axes while threadedly fixed to the threads 322.

{30611 Wiuth contimued reference to Figs. 3B and 3, the mtenior surfaces 314 that
detime the holes 310a and 310b each further mcludes a plurality of arcuate pockets 330 that
project into the plate body 40 at a location circumierentially between the adjacent columns 318,
The pockets 330 cach presents an arcuate surface 334 that is concave with respect 10 a direction
rachally outward from the central axis Ag of the respective hole 310a and 310b. The vanable
angle holes 310a and 310b can be contigured to aliow the bone anchor or screw to engage the
threads 318 at any angular ortentation as desired, up to /- 15° {e.g., within a 30 ° range} with
respect to the cenitral axis Ay

100621 It should be appreciated that while the bone plate 10 1s tlustrated as meluding
variable angle holes 214, 3104, and 310b extending through the bone plate body 40, the bone
plate 10 can alternatively include any type of bone anchor hole 52 as desired. For example, all of
or some of the bone anchor holes 32 can be configured as fixed axis holes.

[B063]  As shown m Fig. 44, a bone anchor such as a screw 410 can be used to affix or
otherwise attach the mandibular bone plate 10 o the mandible 14, As shown, the screw 410 can
mclude a shaft 414 and a head 418 that extends from the shaft 414, The shaft 414 can carry a
thread 4272 that s configured to engage bone to thereby attach the bone plate 10 1o the mandible
14, The head 418 can also carry a thread 426 that 18 configured to engage the threads 322 of the

hoics 310z or 310b to thereby lock the bone screw 410 to the bone plate 10, The screw 41{} can
S 15 -
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be configured as a variable angle screw so that the screw 410 can be inserted through the holes
310a and 310b at a variety of angles. It should be appreciated, bowever, that the screw 41{) can
be configured as a fix angic screw as desired. It should further be appreciated, that the screw 410
can be configured as a compression screw. For example, the serew 410 can inchude a head 4138
that 1s void of threads 426 such that the head 418 defines a surtace that abuts agamnst the outer
region 222 of the bone anchor hole 210 when the screw 410 18 passed through one of the holes
210 and mto the mandible 14. It should be even further appreciated, that the mandibular bone
plate 10 can be athixed or otherwise attached 1o the mandible 14 with any type of bong anchor ot
screw as deswred.  For example, pins, rivets, k-wires, cic.

1{3064] As shown m Figs. 4B and 4C, a bone anchor such as an expandable fixation
mermber STO can be used to afhix or otherwise attach the mandibular bone plate 10 to the
mandible 14. As shownin Figs. 4A and 4B, the expandable fixation member 510 can mclude a
cannulated or annular shaft 514 and an expansion member 518 that extends through the
cannuiated shatt S14. The shaft 514 can include a body 52{ that define an expandabie region
522 at its distal end. The shaft 514 can turther include a shoulder 524 that extends radially out
from the body 320 at the cxpandable region 522. The expansion member 518 can include a
head 526 at a proximal cnd and 2 mandrel 528 at a distal end. When the cxpansion member 518
is pulled proximally relative to the shaft 514, the mandrel 525 will enter the cannulation of the
shatt 514 {0 thereby cause the expandable region 522 to expand radially cutward as shown mn
Fig. 4C. The expanded expandable region 522 places the shoulder 524 turther radially outward.
It should be appreciated, that the expandable fixation member 510 can have a varicty of
configurations. For example, the expandabie fixation member 510 can have any of the
contigurations disclosed mn United States Publication No 2011/0046682, assigned to Synthes
USA, LLC, the contents of which are hereby imcorporated by reference in their entirety herem.

{0065 Now n reference to Figs. SA-5F, the mandibular bone plate 10 can be attached
to the mandible 14 such that portions of the bone plate 10 face the mierior surface 26 of the
mandible and portions of the bone plate 10 face the hingual surface 22 of the mandible 14, In
particular, the infenior 26 and Imgual 27 surfaces of the mandible 14 can be exposed and the
bone plate 10 can be positioned against the mandible such that portions of the bone plate 10 abut
the lingual surface 22 of the mandible 14. The bone plate 10 can then be attached to the
mandible 14 with a plurahity of bone anchors such as screws 410, In this way the mandibular
bone plate 10 can be positioned agamst the mandible 14 from a submandibular surgical
approach. It should be appreciated, however, that the mandibular bone plate 10 can be

positioned from any desired approach.
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[{#366]  As shown m Figs. 5B-SF, the mandibular bone plate 10 can be posttioned such
that portions of the bone plate 10 abut the lingual surface 22 and at least one portion of the bone
plate 10 faces the mierior surface 26 of the mandible 14, As shown i Fig. 3B, the chin portion
56 ¢can face the mienor surtace 26 such that the chin bone facing surtace 76 1s spaced from the
inferior surtace 26 by a distance di. It should be appreciated, however, that the chin bone facing
surface 76 can abut the mienior surtace 26 as desired.

[BO067]  As shown mn Figs. 5D-5F, the first and second bone facmg surtaces 106 and 118
can abut both the hngual surtace 22 and the mniferior surface 26, As shown in Fig. 3F, the bone
plate 10 1s positioned such that the exiension portions 60 and 64 taper as they extend from the
Imgual surtace 22 and toward the buccal surface 18, Because of the positionimg of the first and
second extension portions 60 and 64 and because of the taper of the first and second extension
portions 60 and 64, the palpability of the mandibular bone plate 10 can be reduced. It should be
approciated, however, that the mandibular bone plate 10 can be configured so as to abut the
buccal and mierior surfaces 18 and 26 or ¢an be configured 1o abut all three surfaces 12, 22, and
26 such that the taper of the extension portions 60 and 64 achieves the reduced palpability.

{068]  Prior to or during the positioning of the bone plate 10, the bone plate 10 can be
shortencd by cutting the first and second extension portions 64 and 64 at the weakened portions
1538 and 188, Further prior to or during the positioning of the bone plate 10, the bone plate 10
can be bent or otherwise manipulated at any of the weakened portions 96, 158, and 133 of the
chin portion 36, first extension portion 60, and second extension portion 64 1o thereby better
conform the bone plate 10 {0 the mandible 14,

{#068] Now mreference to Fig. 6, a dndl guide 610 can be used to torm holes 614 1n
the mandible 14. The drill ginde 610 can be configured as a bi-directional drili guide that 18
capable of aligning a drill bit such that the holes 614 can be drilled wto the buccal surface 18 of
the mandibie 14 and toward erther the hmgual surface 22 or the mfenor surface 26 or such that
holes 614 can be drilled into the limgual or miterior surfaces 22 and 26 and toward the buaceal
surface 18, As shown in Fig. 6, the drill guide 610 can include a C-shaped body 616 having a
first end 618 and a second end 6272 spaced from the fivst end along a first divection. The drili
cuide 610 can further mciude a fivst guide portion 630 coupled to the first end 618 and a second
guide portion 634 coupled to the second end 622, The first and second guide portions 630 and
634 can ¢ach define a respective gurde path 638 that extends through the first and second guide
portions 630 and 634 along the first direction such that the gunde paths 638 of the fivst and

sccond guide portions 630 and 634 are aligned along the first direction.
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{B078] As shown m Fig. 6, the drill guide 610 can be positioned such that the first guide
portion 630 15 aligned with a bone anchor hole 52 of the mandibular bone plate 10 and the
second guide porfion 634 15 ahigned with the buccal surface 12 of the mandible 14, A drill bit
can then be moved through either the guide path 638 of the first guide porfion 630 or through the
owide path 638 of the second guide portion 634 {o thereby form a hole 614 m the mandible 14,
In this way the dridl bit can have a first trajectory TR through the first guide portion 630 and a
second frajectory TRz through the second guide portion 634 that 1s oppostie the first trajectory
TRy. The guide paths 638 are oriented so that when the drill guide 610 13 posttioned adjacent the
bone plate 10 and the mandible 14 a drill bit boring 1nto the mandiblie 14 will avoid nerves or
other sott tissue.

{0071} As shown m Fig. 7, the mandibular bone plate 10 can be attached 1o the
mandible 14 by mserting a bone anchor such as a screw 410 through the buccal surface 18 and
into one ot the bone anchor holes 52 of the bone plate 16, Therefor it should be appreciated,
that the bone plate 10 can be attached to the mandible 14 from a variety of trajectories meluding
from the ingual surface toward the buccal surface or mienor surtace, the buccal surtace toward
the lingual surface or the inderior surface, and the wferior surface toward the ingual surface or
buccal surface.

{00721 As shown m Fig. 8, the bone anchor holes 52 of the mandibular bone plate 10
can be configured to provide an mterstitially spaced hole pattern. For example, a first bone
anchor hoele such as hole 52a can be positioned such that a bone anchor recerved within the first
bone anchor hole extends mto the mtenor surface 26 of the mandible and a sccond bone anchor
hole such as hole 52b can be positioned such that g bone anchor recetved within the second bone
anchor hole extends mto the ingual surface 22, Because the trajectory of the bone anchors
through the first and second holes 524 and 52b are different the prospect of the plate 10 backing
ot o1 otherwise movimg from its desired position 1s reduced. It should be appreciated that the
holes 532 can be positioned such that the bone anchors have any trajectory as desired and extend
into any surtace of the mandibie as desired.

[G873] Once the bone bone plate 10 has been attached to the mandible 14, suture can be
used to attach soft tissue to the bone plate 10, For example, the soft tissue can be attached to the
bone plate by wrapping a suture around the chin portion 56 within the first and sccond recesses
100 and 102. It should be appreciated, however, that the soft tissue can be attached to the bone
plate i other ways. For example, the suture can be threaded through one of the bone anchor

holes 84 as desived.
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{8874} The mandibular bone plate 10 along with at least one such as a plurality of bone
anchors, and/or the drill guide 610 can be provided as a kit. Theretore, the bone plate 10, along
with any of the bone anchors 410 and/or 510, and/or the drill guide 610 can be provided as a kit
It should be appreciated, however, that the bone plate 10 or drill gunde 610 can be provided as a
kit with any desired components.

[G875]  While the foregoing description and drawings represent the preferred
crabodiments of the present mnvention, 1t will be understood that vartous additions, modifications,
combinations and/or substitutions may be made therem without departing from the spint and
scope of the mvention as defined m the accompanying claims. In particular, 1t will be clear to
those skilled 1 the art that the wmvenfion may be ermbodied m other specttic forms, structures,
arrangements, proporfions, and with other elements, matenials, and components, without
departing from the spirtt or essential characteristics thereot. One skilled m the art will appreciate
that the vention may be used with many modifications of structure, arrangement, proportions,
maternials, and components, which are particularly adapited to specific environments and
operative requirements without departing from the primciples of the invention. In addition,
features described herem may be used singularly or in combination with other features. For
cxampic, features deseribed m connection with one cmbodiment may be used and/or
mterchanged with features described in another embodument. The presently disclosed
cmbodiments are therefore to be considered mn all respects as illustrative and not restrictive, the
scope of the invention bemg mdicated by the appended clamms, and not limited to the foregoing
description.

[B076] It will be appreciated by those skilled n the art that vanious modifications and
altcrations of the wmvention can be made without departing from the broad scope of the appended
clamms. Some of these bave been discussed above and others will be apparent 1o those skilled

the art.
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What 15 Claimed:

. A mandibular bone plate contfigured to be attached to a mandible that defines a buccal
suriace, a bnguaal surface, and an ndenor surface that joins the buccal surface to the lingual
suriace, the mandibular bone plate comprising:

a curved chin portion having a first end and a second end; and

a first extension poriion that extends from the first end along a first axis and 1s elongate
along the first axis so as to define a proximal end that 1s proximate the first end and a distal end
that 1s spaced from the proximal end along the first axis, the first extension portion defining a
{irst bone facing surface, a {irst outer surface that 15 opposite the first bone facing surface, and a
phirality of bone anchor holes that extend from the first bone facing surface to the first cuter
surface, the first bone facing surface having an inferior end and a superior end that 1s spaced
from the inferior end along a first direction that is perpendicular to the first axis, the first
cxtension porfion being ortenied such that a line that 15 tangential to both the wienor end and the
supcnor end of the first bone facing surface along the first direction at a distal portion of the furst
sxtension portion is rotated about the Divst axis relative to a bine that 1s tangential to both the
mferior end and the superior end of the first bone facing surface along the fwrst direction at a
proximal portion of the hirst extension portion so that the first bone facing surface 1s configured
o abut at {east a portion of at least two of the buccal, lingual and inferior surfaces of the mandible

when the mandibular bone plate is atfached to the mandible.

2. The mandibular bone plate of claam 1, further comprising a second extension portion that
extends from the second end along a second axis and 1s elongate along the second axis so as to
define a proxumal end that 1s proximate the second end and a distal end that 1s spaced from the
proxinial end along the second axias, the second extension portion defining a second bone facing
surface, a second outer surface that 1s opposite the first bone facing surface, and a plurahity of
bone anchor holes that extend from the second bone facing surface to the second outer surface,

the second bone facing surface having an inferior end and a supernior end that 1s spaced {from the
inferior end along a second direction that 1s perpendicular to the second axis, the second extension
portion being orented such that a line that 1s tangential to the mnferior end and the supernior end of
the second bone facing surface along the second direction at a distal portion of

the second extension portion is rotated about the second axis relative {0 a line that 1s tangeniial (o
the 1infenor end and the supenor end of the second bone facing surface along the second direction

at a proximal portion of the second extension portion so that the second bone facing surface is
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configured to abut at least a portion of af least two of the buccal, lingual, and inferior surfaces of

the mandible when the mandibular bone plate 1s attached to the mandible.

3. The mandibular bone plate of claim 2, wherein the curved chin portion defines a chun
bone facing surface, an outer surface that is opposite the chin bone facing surface, and af feast
one bone anchor hole that extends through the curved chur portion from the chin bone facing

surtace to the outer surface.

4. The mandibular bone plate of claim 3, wherein the chin bone facing surface, the first
bone facing surtace, and the second bone facing surface are comncident so as to define

continuous bone facing surface.

3. The mandibular bone plate of claim 4, wherein the first and second bone facing surfaces
cach mcludes a plurality of undulations that correspond to respective portions of the hingual

surface of the mandible when the mandibular bone plate 1s attached o the mandibie.

6. The mandibular bone plate of claum 5, wheremn the curved chin portion s oriented such
that the chin bone facing surface faces the infenor surace of the mandible when the mandibular
hone plate 1s attached to the mandibie.

7. The mandibular bone plate of any one of claims 3 to 6, wherein (1) the chin portion
defines a first side surface that extends from the cuter surface to the ¢hin bone facing surface and
a second side surface that 1s opposite the first side surface and extends from the cuter surface Lo
the chan bone facing surface, (31) the st extension portion defines a third side surface that
extends from the first ovter surface to the first bone {acing suriace and a fourth side surface that
1s opposite the third side surface and extends from the first outer surface to the first bone facing
surface, and (111} the second extension portion defines a fifth side surface that extends from the
second outer surface to the second bone facing surface and a sixth side surface that 15 opposiie

the fifth side surface and extends from the second outer surface to the second bone {acing

surface.
5. The mandibular bone plate of claim 7, wherein at least a portion of the first extension

portion 1s tapered frona the third side surface to the fourth side surface and at east a portion of

the second extension poriion is tapered from the fifth side surface to the sixth side surface.
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4. The mandibular bone plate of any one of claims 7 and 8, wherein the first and second
extension poriions each defines a respective first recess that extends mto the third and fifth side
surfaces, respectively, between adjacent bone anchor holes and a respective second recess that
extends mnto the fourth and sixth side surfaces, respectively, between the adjacent bone anchor

holes opposite the respective first recesses.

18,  The mandibular bone plate of any one of clauns 2 o 9, wherewn the first and second
sxtension portions each includes at least one weakened portion between adjacent bone anchor

holes.

i1.  The mandibular bone plate of any one of claims 2 to 10, wherein the curved chin porion
inciodes a phurality of bone anchor holes and at least one weakened portion between adiacent

hone anchor holes,

12. The mandibular bone plate of any one of claims 2 to 11, wherein at least a portion of each
of the first and second extension portions 15 substaniially triangular shaped in cross-section along

a plane that 1s perpendicular to the first and second axes.

13.  The mandibular bone plate of any one of clains 2 to 12, wheremn the first and second

bone facing surfaces are concave.

14.  The mandibular bone plate of any one of claims 2 to 13, wheremn the first and second
extension porions are twisted about the first and second axes, respectively, such that the first and
second bone facing surfaces are configured {0 abut at least a portion of the mfenor surface and at
ieast a portion of the lingual surface of the mandible when the mandibular bone plate 1s attached 1o

the muandible.

153.  The mandibular bone plate of any one of claims 1 (o 14, wherein each bone anchor hole
of the first and second extensions defines a respective central axis, and at least some of the

central axes are angular offset with respect (o the other axes.

29

AMENDED SHEET (ARTICLE 19)



CA 02905770 2015-09-11

WO 2014/158740 PCT/US2014/019774

16. A mandibular bone plate configured to be attached to a mandible that defines a buccal
surface, a hingual surface, and an mfenor surface that joins the buccal surface to the lingual
surface, the mandibular bone plate comprising:

a body that defines a bone facing surface, an outer surtace that 1s opposite the bone facing
suriace, and a plurabity of bone anchor holes that extend through the body from the bone facing
surface o the outer surface,

wherein the body 1aciudes a chin portion and first and second extension porfion porfions
that extend from the chin portion along fust and second axes, respectively, such that the bone
facing surface of the chin portion faces the inferior surface of the mandible when the mandibular
bone plate s attached to the mandible and the bone facing surfaces of the first and second
extension portions at {east partially face the lingual surface of the mandible when the mandibular

bone plate s attached to the mandible,

17.  The mandibular bone plate of claim 16, wherein the chin porion 18 curved and defines a
first end and a second end that 1s opposite the first end, and wheremn the first extension portion
extends from the first end along the first axis and 1s elongate along the {irst axis and the second
extension portion extends from the second end along the second axis and 1s elongate along the

second axis.

18.  The mandibular bone plate of claum 17, wherein the {irst extension portion 1s twisted
counterclockwise about the first axis relative to the curved chin portion such that the bone facing
surface of the first extension portion 1s configured to abut at least a portion of the lingual surface
of the mandible when the mandibular bone plate 1s attached to the mandible and the second
extension portion 1s twisted clockwise about the second axis relative 1o the curved chin porion
stch that the bone facing surface of the second extension portion 1s configured to abut at least a
portion of the lingual surface of the mandible when the mandibular bone plate i1s attached to the

mandible.
19.  The mandibular bone plate of any one of claims 16 to 1k, wherem the bone facing
suriaces of the {irst and second extension portions each inchudes a plurality of undulations that

correspond (o respective portions of the hingual surface of the mandible when the mandibular

bone plate 1s attached to the mandibie.
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20.  The mandibular bone plate of any one of claims 17 to 19, wherem the curved chin portion

has a reduced thickness relative to the first and second exiension portions.

21.  The mandibular bone plate of any one of clauns 16 to 20, wherein the chin portion
defines a first side surtace that extends fron the outer surface to the bone facing surface and a
second side surface that s opposite the first side surface and extends fron the outer surface to
the bone facing surface, (1) the first extension porfion defines a thwrd side surface that extends
from the outer surface {o the bone facing surface and a fourth side surface that 1s opposite the
thard side surface and extends {rorm the outer surface to the bone facing surface, and (10) the
second extension portion defimnes a fitth side surface that extends from the outer surface to the
bone facing surtace and a sixth side surface that 1s oppostte the fifth side surface and extends

{rom the outer surface to the bone facing surface.

22. The mandibular bone plate of claim 21, wheremn at least a portion of the first extension
portion 1s tapered from the third side surface (o the fourth side surface and at least a portion of

the second extension portion is tapered from the fifth side surface to the sixth side surface.

23.  'The mandibular bone plate of claim 21, wherein the {irst and second exiension portions
cach dehines a respective first recess that extends mto the third and fifth side surfaces,
respectively, between adjacent bone anchor holes and a respective second recess that extends
into the fourth and sixth side surfaces, respectively, between the adjacent bone anchor holes

opposite the respective first recesses.

24. The mandibular bone plate of any one of claims 16 to 23, wheremn the first and second
extension portions each wmciudes at least one weakened poriion between adjacent bone anchor

holes.

25.  The mandibular bone plate of any one of claims 16 to 24, wherein the chan portion
inchudes at least two bone anchor holes of the plurality of bone anchor holes and at least one
weakened portion between adjacent bone anchor holes of the at least two bone anchor holes.

26.  The mandibular bone plate of any one of claims 16 to 23, wheremn at least a portion of the

first and second extension portions are substantially triangular shaped in cross-section along a

plane that 1s perpendicular to the first and second axes.
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27.  The mandibular bone plate of any one of claims 16 to 26, wherem the bone {acing

surfaces of the first and second extension portions are concave.

28.  The mandibular bone plate of any one of clauns 10 to 27, wheren the first and second
cxtension porftons are twisied about the {irst and second axes, respectively, such that the first and
second bone facing swrfaces are configured {o abut at least a portion of the mifertor surface and at

least a portion of the lingual surface of the mandible when the mandibular bone plate s attached to

the nandible.

29.  The mandibular bone plate of any one of claums 16 to 28, wherem each bone anchor hole
of the body defines a respective central axis, and at {east some of the central axes are angular

offset with respect to the other axes.
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