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SURGICAL INSTRUMENT

TECHNICAL FIELD

{8601] The present disclosure refates to a surgical instrument configured to hold an
iroplant in a desired position against an underlying boney structure, so the implant can be secured
to the boney structure, while also providing compression between the implant and the underiving
boney structure such that gaps between implant and the underlying boney siructure are

mimnyzed.

BACKGROUND

[6002] Tmplands are often used m cosmetic and reconstructive surgical procedures. Ifa
boney structure of a patient, for example a mandible or chin, is deformed or damaged an fmplant
can be positioned against the boney structure and secured to the boney structure 1n a desired
position such that the implant creates a natural or otherwise desired appearance. During a
surgical implantation procedure an incision can be made in the skin exposing the damaged or
deformed arca of the boney structure such that the implant can be placed next to the boney
structure in the desired position. The implant is then beld in place while fasteners, such as bone
screws, are uscd to secure the implant relative to the boney structure in the desired position.

[8803] Typically the implant is held in the desired position by band, for instance by the
surgeon placing a finger against the implant and applying a force in a direction toward the boney
structure. This can lead to a non-uniform fit between the implant and the boney structure such
that gaps exist between the implant and the boney structure. Gaps or other non-uniform fits
between the implant and boney structure are undesirable as they can lead to an ungven or an
gonatural appearance.

[8004] A surgical instrument that is configured to hold an implant against a boney
structure n a desired position while the implant is secured to the boney stracture and also
provide a compressive force to the tmplant and the boney structure such that gaps or other non-
uniform fits are minimized could improve the outcome of cosmetic and reconstructive surgical

procedures.

SUMMARY
[8085]  In one embodiment the present disclosure relates to a surgical imstrument
configured to secure an implant relative to a mandible. The surgical instroment can include a

first arm and a second arm that arc pivotally comnected at a pivot point. The first arm can
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include a first proximal portion, a first distal portion, and a first body portion that extends from
the first proximal portion to the first distal portion. The first distal portion can firther include a
grip member that is configured to grip the mandible. The second arm can include a second
proximal portion, a sccond distal portion, and a sccond body portion that extends from the
second proximal pertion to the sccond distal portion. The second distal portion can carry an
implant retention member that s configured to abut the implant at a first location of the second
arm. The sccond distal portion further carrying a piercing portion that is configured to pierce the
implant, the piercing portion disposed at a second location of the second arm that is spaced from

the first location of the second arm.

BRIEF DESCRIPTION OF THE DRAWINGS

[8666] The foregoing summmary, as well as the following detailed description of the
preferred embodiments of the application, will be better understood when read in conjunction
with the appended drawings. For the purposes of illustrating various ershodiments, drawings are
shown. It should be understood, however, that the present disclosure is not limited to the precise
arrangement, structures, features, embodiments, aspects, and instrumentalitics shown, and that
the arrangements, structures, features, embodiments, aspects and instrumentalities shown may be
used singalarly or in combination with other arrangements, structores, features, aspects,
embodiments and instromentalities. In the drawings:

[8007] Fig 1A is a perspective view of a portion of a skull including a mandible, and
an traplaot configured to be attached to the mandible;

[8088] TFig 1B is a perspective view of the mandible and the implant illostrated m Fig.
1A, the implant positioned against the mandible;

[8669] Fig. 2A 1s a side elevation view of a surgical instrument engaging the implant
and the mandible llustrated in Fig. 1A;

[8018] Fig. 2B is a perspective view of the surgical mstroment, implant, and mandibie
illustrated i Fig. ZA;

[8811] Fig 2C is another perspective view of the surgical fnstrument, implant, and
mandible iltustrated in Fig. 24

{8412] Fig. 3A is 3 perspective view of the moplant illustrated in Fig. 2ZA inan open
contiguration;

[8813] Fig. 3B is another perspective view of the iaplant tHustrated in Fig. 3A inthe

open configuration;
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{8014] Fig 3C is a front elevation view of the tmplant Hlustrated n Fig. 3A inthe open
configuration;

[8015] Fig. 3D is a side elevation view of the implant Hlustrated in Fig. 3A inthe open
configuration;

164016] Fig. 4A is a perspective view of the miplant tllustrated in Fig. 3A i a closed
configuration;

{8617] Fig 4B is another perspective view of the aplant flustrated in Fig. 4A inthe
closed configuration;

[B818] Fig 4Cis a front elevation view of the inplant illustrated m Fig. 4A inthe
closed configuration;

18419] Fig. 4D is a side clevation view of the implant illustrated in Fig. 4A inthe

closed configuration.

DETAILED DESCRIPTION OF TLLUSTRATIVE EMBODIMENTS

[6028] Cerain terminology is used i the following description for convenience only
and is not Hmiting. The words “right”, “left”, “lower™, “apper”, “bottom”, and “top” designaie
dircctions in the drawings to which refercnee is made. The words “mwardly” and “outwardly”
refer to divections toward and away from, respectively, the geometric center of the bone fixation
clement, instruments and designated parts thereof. The words, “anterior”, “posterior”,
“superior”, “interior”, “medial”, “latcral” and related words and/or phrases designate preforred
positions and orientations in the human body to which reference is made and are not meant 1o be
hmiting. The terminclogy inchudes the above-listed words, derivatives thereof and words of
similar tmport,

16621] The term “plurality”, as used herein, means more than one. When a range of
values is expressed, another embodiment inchudes from the one particular value and/or to the
other particelar valoe. Stmilarly, when values arve expressed as approximations, by use of the
antccedent “about,” it will be understood that the particular value forms another crbodiment.
Further, reference to values stated m ranges mcludes each and every value within that range. All
ranges are inchisive and combinable. Certain features of the invention which are deseribed
herein in the context of separate cmbodiments may also be provided in combmation in a single
embodiment. Conversely, various features of the invention that arc described in the context of a
single embodiment may also be provided separately or in any subcombination.

{8822] Referring to Figs. 1A and 1B, a skull portion 2 of a patient includes a mandible
4. The mandible 4 includes an outer surface 6 that largely defines the appearance of the chin of
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the paticnt. Damage or deformitics in the mandible 4 can cause an vonatural or vndesired
appearance of the chin. An implant 20 can be provided that is configured to abuts a target avea 8
of the mandible 4 such that when the mmplant 20 is secured to the target area 8 of the mandible 4,
a natural or desired appearance of the chin can be obtained or restored. The implant 20 inchudes
an foner surface 22 and av outer surface 24 that is opposite the inner surface 22.

18623] The mner surface 22 is configured to correspond to the outer surface 6, for
instance the target area 8, of the mandible 4. In onc embodiment the inner surface 22 can define
a curvature, for instance a concave curvature, that corresponds to the curvature of at least a
portion of the outer surtace 6 of the mandible 4, for example the mental protuberance and the
symphysis. The ooter surface 24 s configured to correspond to a natural or desired shape of the
target area 8. For example, the outer surface 24 of the implant 20 can define a curvature, for
nstance a convex curvature, which corresponds to a natural or undamaged outer surface 6 of the
mandible 4.

18624] The implant 20 can be made of any biccompatible material, sach as high density
polycthylenc or ultra-high weight polyethylene. The miplant can be pre-molded such that the
mner surface 22 and the outer surface 24 define curvatures that cowrespond to the boney structure
that the troplant is going to be secured to as described in detail above. The tmplant 20 is
contigured to have a size, shape, and contouring that is compatible with a variety of mandibles 4
of different sizes and shapes. However, the tmplant 20 can also be customized, for instance the
size, shape, or contouring of the muplant can be adjusted to fit the specific configuration of an
individual mandible 4. In one embodiment the implant 20 can be beny, shaved, or shaped to fit
the specific configuration of an individual mandible 4.

[8025] Reforring to Figs. 2A to 2C, once the implant 20 is positioned adjacent the target
arca & of the mandiblc 4, a sorgical instrument 100 can be used to hold the implant 20 ina
desired position such that the implant 20 docs not move significantly during fastening of the
implant 20 to the mandible 4. In one embodiment, fastening the implant 20 to the mandible 4
ichides predrilling a mumber of holes through the inmer and outer surfaces 22 and 24 of the
iroplant 20 and at least partially through the mandibie 4. Fasteners, such as bone screws, can
then be inserted into the predrilled holes to either permanently or temporarily secure the implant
24 to the target arca § of the mandible. In one embodiment the mumber of predrilied holes and
fastenors is between | and 8. In another embodiment the number of predrilied holes and
fasteners is between 2 and 4.

188261 The mstrument 100 nchades a first arm 102 and a second arm 104 that is

movably coupled to the first arm. For nstance, the mstrument 100 further defines a pivot axis P,
-4 -
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such that one or both of the first and second arms 102 and 104 is pivotable with respect to the
other of the first and second arms 102 and 104 about the pivot axis P. The first arm 102 can
define a first proximal portion 110 that is disposed proximal with respect to the pivot axds P, a
first distal portion 112 that is disposed distal with respect to the pivot axis P, and a first body
portion 114 that extends between the first proximal portion 110 and the first distal portion 112,
and further extends across the pivot axis P. Thus, the first distal portion 112 extends distally
with respect 1o the fivst proximal portion 110 and the first body portion 114, Similarly, the
second arm 104 can define a second proximal portion 156 that is disposed proximal with respect
to the pivot axis P, a second distal portion 158 that 1s disposed distal with respect 1o the pivot
axis P, and a second body portion 160 that extends between the sccond proximal portion 156 and
the sccond distal portion 158, and further extends across the pivot axis P. Thus, the sccond distal
portion 158 extends distally with respect to the second proximal portion 156 and the sccond body
portion 160,

186271 As will be described in more detail below, the instrument 100 includes a grip
member 142, which can be at least partially defined by a first set of at least one protrusion 144,
and the mstrument 100 can fimther mclude an implant retention member 173, which can be at
least partially defined by a second sct of at least one protrusion 184, For instance, the first arm
102 can include the first set of at least one protrusion 144 that cxtends from the first distal
portion 112, and the second arm 104 can include the second set of at least one protrusion 184
that extend from the sccond distal portion 158, The first set of at least one protrusion 144 15
configured to grip, for nstance frictionally grip, the mandible 4, for instance at the inner surface
7 of the mandible 4. The sccond sct of at least one protrusion 184 is configured to abut and grip,
for instance pierce, the implant 20 when the instrament 100 retains the implant 20 against the
mandibic 4. The sccond arm 104, for instance at least one or both of the second distal portion
15% and the second set of at least one protrusion 184, can fimther define a cradle 180 that s
contigured to abut a length of the tmplant 20 when the fnstrument 100 retains the mplant 20
against the mandible 4.

18028] The first arm 102 inchades a first proximal portion 110, a figst distal portion 112,
and a tirst body portion 114 that extends from the first proximal portion 110 to the fivst distal
portion 112, The first distal portion 112 is configired to engage, for instance frictionally grip an
inner surface 7 of the mandible 4. The inner surface 7 of the mandible 4 can include, for
example, a posterior surface of the symphysis. The inoer surface 7 can be opposite the outer
surface 6 of the mandible 4 which can include an anterior surface of the symphysis. Inone

embodiment the first distal portion 112 includes at least one grip member 142 that is configured
-5



WO 2014/058731 PCT/US2013/063448

abut the inner surface 7 of the mandible 4 and frictionally grip the mandible 4 such that
translational movement or rotation of the mandible 4 relative to the first arm 102 1s limited n all
directions and degrees of freedom.

184629] The second arm 104 ncludes a sccond proximal portion 156, 8 sccond distal
portion 158 and a sccond body portion 160 that extends from the second proximal portion 156 1o
the second distal portion 138, The implant retention member 173 can extend from the second
distal portion 158, and is configured to bias the uplant 20, for instance at least a portion of the
inmer surface 22, against the mandible 4. For instance, the toplant retention member 173 can
melade the cradie 180 that s configured to abut the outer surface 24 50 as to bias the implant 20,
for instance at least a portion of the inner sarface 22, against the mandible 4, and can further
include a picreing portion, which can be at least partially defined by the second set of at feast one
profrasion 184, that is configured to pierce the outer surface 24 of the fmplant 20, so as to bias
the mmplant 20, for instance at least a portion of the inner surface 22, against the mandible 4.
Thus, the implant retention member 173 can include a first member, such as the cradle 189, that
is disposed at a first location of the second arm 104 and i configured to abut the ioplane 20
without picreing the implant 26, and a second member, such as the piercing portion 182 that is
configured to pierce the implani 20, the piercing portion 182 disposcd at a second location of the
second arro 104 that is spaced from the first location of the second srm 104, In accordance with
one embodiment, a force can be applied to the instroment 100 that causes the second distal
portion 158 of the second arm 104 can be moved toward the first distal portion 112 of the first
arm 102 about the pivot axis P such that the piercing portion 182 picces the implant 2{ and
causes the cradie 180 10 abut the imeplant 20. Otherwise stated, the force is sufficient to bring the
cradle 180 mnto abutment with the tmplant 20, which can thus cause the piereing portion 182 to
pierce the implant 20,

188306]  In accordance with the illusirated embodiment, the second distal portion 158
mcludes a second support arm 172 that extends out from the second body portion 160, and a
second tip 174 that extends out from the second support arm 172, The sccond distal portion 158,
for instance at the second tip 174, at least partially defines a cradle 180, It should be appreciated
that the cradle 180 and the piercing portion 182 ean collectively define one or more points of
contact with the outer surface 24 of the implant 20, The cradle 180 s configured to abut the
cuter surface 24 at onc or more points of contact without picrcing the outer surface 24 of the
mmplant 20. The picrcing portion 182 1s configured to pierce or bite into the outer surtace 24 of

the oplant 20 (but not puncture all the way through to the immer surface 22 of the implant 20,
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18031]  When the implant 20 is in the desired position abutting the mandible 4, the
surgical mstrument 100 can be positioned such that the mandible 4 and the mplant 20 are
disposed between the first arm 102 and the second arm 104 such that the first arm 102 is adjacent
the inner surface 7 of the mandible 4 and the sccond arm 104 is adjacent the vuter surface 24 of
the waplant. The first and second arms 102 and 104 can then be rotated 1n a first direction with
respect to each other about the pivot axis P, sach that the fivst distal portion 112 and the sccond
distal portion 158 move toward each other until the grip member 142 contacts the inper surface 7
of the mandible 4, the cradle 180 abuts the cuter surface 24 of the plant 20, and the picrcing
portion 182 pierces the outer surface 24 of the wplant 20. Ag the first and second arms 102 and
104 are rotated further in the first divection the grip member 142 of the first tip 128 applics a
force F to the inner surface 7 of the mandible 4 and the cradle 180 and piercing portion 182 of
the second tip 174 apply a force F to the outer surface 24 of the implant 20 such that the implant
20 and the mandible 4 are secured in a desired position relative to each other and do not move
relative to each other.

18032] The grip member 142, the cradle 180, and the piercing potion 182 arc cach
configured such that the force F is applied to the mandible 4 and the implant 20 such that at least
a portion of the inner surface 22 of the tmplant 20 lays substantially flosh agatust the outer
surtace 6 of the mandible 4. The force F used to achicve a thush fitting between the tmplant 20
and the mandible 4 can vary depending on the material and shape of the implant 20, the arca of
the mandible 4 that the fmplant 20 is being attached to, as well as numerous other factors as will
be understond by g person of skill in the art. For example if the implant 20 is being secured
against & midline of the mandible 4, more force F may be require for a flush fit than at a region
of the mandible 4 spaced laterally away from the midline of the mandible 4.

18433]  In one embodiment the force F can vary between about 1 Newton (1 N7} and
about 150 N, o another crebodiment the foree F can vary between about 5 N and about 10 N,
Apphication of the force F to the mplant 20 and the mandible 4 as described above may result in
the tmplant 20 laying flush against the outer surface 6 of the mandible 4 such that there are no
gaps between the inner surface 22 of the implant 20 and the outer surface 6 of the mandible.
Once the implant 20 has been posttioned against the mandible 4 as described above, the implant
24 can be permanently or temporarily secared to the mandible 4 by inserting fasteners, soch as
bone screws, through the mplant 20 and do the mandible 4.

18834] As showninthe illustrated embodiment, the second tip 174 includes both the
cradle 180 and the picreing portion 182 as deseribed sbove. The cradie 180 and the piercing

portion 182 collectively define the one or more points of contact between the second ip 174 and
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the fmplant 20, Inanother ombodiment the second tip 174 can include only one of cither the
cradle 180 or the piercing portion 182 that defines all of the one or move points of contact
between the second tip 174 and the implant 20. In another embodiment the second tip 174
inchudes both the cradle 180 and the picrcing portion 182 as described above but onfy one of the
cradie 180 and the picreing portion 182 defines alt of the one or more points of contact between
the mmplant 20 and the second tip 174

18635] Although the instrument 100 is described above in use for securing an implant
28 to a mandible 4, it should be understood that the instrunment 100 is not so limited. Inone
embodiment the instrument 100 can be used to secure and compress an implant to another boney
structore in a human body. In another embodiment the instrument 100 can be used to secwre a
first surface relative to a second surface such that the first and second surfaces are compressad
towards one another to minimize or climinate any gaps between the first and second surfaces.

18636] Reforring to Figs. 2A to 3D, and as described above, the surgical instrument 100
inchudes the first arm 102 and the second arm 104 that is movably coupled, for mstance rotatably
coupled about a pivot axis P, to the first arm 102, The first arm 102 includes the first proximal
portion 110, the first distal portion 112 and the first bedy portion 114 that extends from the first
proximal portion 110 to the first distal portion 132, The first proximal portion 110 cap include
first handle 116 that can be constructed as desired. In accordance with the ilustrated
embodiment, the first handle 116 can inchide a first ving member 113 that defines a first inner
dimension DI, The first ring member 118 is configured to receive a force F o manipulate the
position of the first arm 102 relative to the second arm 104, In one embodiment the first inner
dimension D1 1s configured to receive a human finger that applics the force F o manipulate the
position of the first arm 102 relative to the sccond arm 104,

18437] The first body portion 114 defines a first contral axis 120, the first body portion
114 being clongate along the first contral axis 120, The first body portion 114 tcludes a first
shaft member 122 and a first pivot portion 124, The first shaft member 122 extends along the
first contral axis 120 from the first proximal portion 110 to the first pivot portion 124, The first
pivotl portion 124 cxtends along the first central axis 120 from the first shaft member 122 (o the
first distal portion 112,

[B038] A first three dimensional coordinate system is provided in reference to the first
distal portion 112 of the first arm 102, As shown in the ilhustrated embodiment, the first distal
portion 112 includes a first support arm 126 and a first tip 128 that extends distally from the first
support arm 126, The fivst support arm 126 extends distally from the first pivot portion 124 to

the first tip 128, which can extend from the first support arm 126 ina first longitudinal divection
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L1, The first support arm 126 can be clongate in the fivst longitudival direction L1 from the first
pivot portion 124 to the first tip 128,

[6039] The first support arm 126 inclodes first and second opposed side walls 130 and
132 that each extends from the first pivot portion 124 to the first tip 128 in the first longitudinal
dircction L.1. The first and sccond opposed side walls 130 and 132 arc spaced apart o a first
lateral direction Al that is perpendicular to the first longitadinal direction 1. The first support
arm 126 further includes a first top surface 134 and an opposed first bottom surface 136 that cach
extends from the first pivot portion 124 1o the fivst tip 128 in the first longitudinal direction L1,
The first top surtace 134 and the first bottom surface 136 are spaced apart in a first transverse
direction T1 that 13 perpendiculdar to both the first longitudinal direction L1 and the first lateral
dircction Al

[6648] The first support arm 126 defines a sccond central axis 137 that extends through
the first sapport arm 126 from the first pivet portion 124 in the first longitudinal direction L1
As shown in the illustrated crmbodiment, the second central axis 137 can be angularly offset with
respect to the first contral axis 120 of the first body portion 114 so as to define an angle o that is
configured such that when the first arm 102 is engaged with a boney structure, such as a Hngal
side of 8 mandible, the first proximal portion 110 is positioned so as not to interfere with any
other nearby boney structure such as a sternum or ribeage.

18841] In one embodiment the angle o can between O degrees and 180 degrecs. In
another embodiment the angle a can be between about 90 degrees and about 145 degrees. In
another embodiment the first and second ceniral axes 120 and 137 can be aligned such that the
angle a is 0 degrees. The angle o is configured such that when the fivst arm 102 15 engaged with
a first surface, such as the inner surface 7 of the mandible 4, and the second arm 104 is engaged
with a sccond surface, such as the outer surface 22 of the implant 20, the handles arc positioned
50 as not to interfere with any structure attached to the first or second surfaces, suchas a
sternum.

[8642] The first tip 128, as shown, includes a first inner sarface 138 and an opposed
first outer surface 140. The first nner surface 13¥ carries the grip member 142 that can be
carried by, for mstance extend out from, the first tip 128, for mstance the first inmer surface 138
of the first tip 128, along a direction that i3 substantially perpendicular to the first inner surface
13%. The grip member 142 is configured to grip, a first surface, such as the inner surface 7 of the
mandible 4 during fixation of the implant 20 to the target arca & of the mandible 4.

18643] As shown in the illustrated embodiment, the first arm 102, and in particular the

first distal portion 112, can mchude a grip member 142 that is configured to frictionally grip a
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first surface, which can be defined by the mandible 4, once the fivst tip 128 has been moved o
contact with the first surface. In accordance with the illustrated embodiment, the grip member
142 can include a first set of one or more protrusions 144 (veforred to hereafier as “first
profrusions 1447, The first protrosions 144 can include a single first protrusion 144 or a
phurality (at least two) of first protrusions 144 as described in detail below. In one embodiment,
the first protrasions 144 can be n the form of one or more first spikes 146 each having a
relatively wide base 148 and tapering to an apex 150. The first protrusions 144 can taper along a
dircetion that extends substantially perpendicularly cut from the first inver surface 138, The first
spikes 146 each extend out from the base 148, which is positioned adjacent the first fnner surface
138, to the apex 150 in the first transverse direction T1. Each of the first spikes 146 defines a
height measured from the base 148 {0 the apex 150 in the first transverse direction T1. Inone
embodiment the height of each of the first protrusions 144 1 constant. In another embodiment
the height of each of the first protrusions 144 15 varied.

[8044] A first tip 128 that supports multiple first protrusions 144, such as two or more,
may help reduce rotation of the grip momber 142 relative to the first surface, which may be
desirable. However it will be appreciated by those skilled m the art that the grip member 142
can include a single first protrusion 144. The first protrusions 144 arc showa as counical shaped
first spikes 146, It will be appreciated by those skilled in the art that first protrusion 144 canbe
any shape configured to frictionally grip the fivst surface when the first tip 128 is in contact with
the first sarface. For example, the first protrusions 144 could be in the form of any one of or
combination of a spike with a flattened top, a blade, a textured surface, ete.

[80458]  As shown in the illustrated embodiment, the fivst protrusions 144 (two spikes
146) are arranged such that the spikes 146 are longitudinally aligned in the first longitudinal
direction L1, transversely aligned in the first transverse direction T1, and laterally spaced relative
o cach other on the first inmer surface 138 in the first lateral direction A1, it will be approciated
by those skilled in the art that the first protrusions 144 can be positioned in alternate
arrangements such as any combination of one or more of longitudinally spaced, laterally spaced,
and transversely spaced. In one embodiment the first protrusions 144 can include three
protrusions arranged in a triangular ovientation.

[8846] As described above, and with contimiing reference to Figs. 2A-4D, the second
arm 104 includes the second proximal portion 156, the second distal portion 158 and the second
hody portion 160 that extends distally from the sccond proximal portion 156 to the secound distal
portion 158, The second proximal portion 156 can include a second handle 162 that canbe

configured as desired. For instance, the second handle 162 can include a second ring member
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164 that defives a second inner dimension 2. The second ring member 164 is configured to
receive a force T to manipulate the position of the second arm 104 relative to the fivst arm 102
In one embodiment the second mner dimension D2 s configured to receive a human finger that
applics the force F to manipulate the position of the second arm 104 relative to the first arm 102,

16047] The sccond body portion 160 defines a thitd central axis 166, the second body
portion 160 being clongate along the third central axis 166. The second body portion 160
inchides a second shaft member 168 and a second pivot portion 170, The second shaft member
168 cxtends along the third central axis 166 from the second proxumal portion 156 1o the second
pivot portion 170, The second pivot portion 170 extends along the third central axis 166 from
the second shaft member 168 to the second distal portion 158,

18848] A second three dimensional coordinate system is provided in reference to the
second distal portion 158 of the second arm 104, As shown in the illustrated embodiment, the
second distal portion 158 mchudes a second support arm 172 connected to the second pivot
portion 170, and a second tip 174 that extends out from the second support arm 172, As shown
in the illustrated embodiment, as the sccond support arm 172 extends from the secound pivot
portion 170 to the sccond tip 174, at least partially in a sccond longitadinal divection L.2. The
second support arm 172 inclodes third and fourth opposed side walls 175 and 177 that cach
extends from the second pivot portion 170 to the second tip 174 i the sccond longitudinal
divection L2. The second support arm 172 the third side wall 175 is spaced apart from the fourth
side wall 177 in a sccond lateral divection A2 that is perpendicular to the second longitudinal
direction L2, The second support arm 172 further includes a second top surface 179 and an
opposed sccond bottom surface 181 that cach extends from the second pivet portion 170 1o the
second tip 174 in the second longitudinal divection L2, The second top surface 179 is spaced
apart from the second bottom surface 181 in a sccond transverse direction T2 that is
porpendicular 1o both the second longitudinal divection 1.2 and the second lateral divection A2,

16649] The second support arm 172 defines a fourth central axis 183 that extends
through the second sapport arm 172 from the second pivot portion 170 at least partially in the
second longitudinal direction L2, As shown in the fhistrated embodiment, the fourth central axis
183 can be angudarly offSet with respect to the third central axis 166 of the second body portion
160 s0 as to define an angle § that is configured 1o create a separation distance between the first
and second tips 128 and 174, In ong embodiment the angle § can between O degrecs and 180
degrees. In ancthor crobodiment the angle B can be between about 45 degrees and about 90

degrees.
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[868¢] The second tip 174, as shown, includes a second funer surface 176 that faces the
first inmer surface 138 and a second outer surface 178 that is opposite the second inner surface
176. The second inner surface 176 faces and is configured to engage, for instance frictionally
grip, a second surface, such as the outer surface 24 of the implant 20 when the instrument 100 is
fixed to the mandible 4. The second outer surface 178 can be curved, and can be substantially
devoid of sharp edges so to avoid interference with {and thus irritation of) soft tissue that the
second outer surface 178 may come into contact with. The second distal portion 158 can include
the fmplant reteotion member 173 which can be carried by the second tip 174, Thus, the second
distal portion 158 can melude the cradle 180 and the piercing portion 182 that can cach be
carried by the second tip 174, The cradle 180 and the piercing portion 182 are each configured
to independently engage the outer surface 24 of the maplant 20, so as o bias or compress the
nmer surface 22 of the implant 20 s towards the outer surface 6 of the mandible 4. Collectively,
the cradle 180 and the piercing portion 182 define one or more points of contact that engage with
the second surface such that upon rotation of the first and second handle portions 110 and 156
towards cach other about the pivot axis P, the second surface 18 compressed towards the first
surface.

[6851]  As shown in the illustrated embodiment, the cradle 180 can include at least one
profrusion, such as a second spike 187, of the second set of one o1 more protrasions 184 (referred
1o hereatter as “second protrusion 1847 The piercing portion 182 can nclude at least one other
protrasion of the second set of one or more protrusions. For instance, the protrusions of the
piercing portion 182 can be constructed as first and second tecth 186 that are configured to pierce
the outer surface 24 of the implant 20, Thus, the sccond set of one or more protrusions can
mclade at least one second spike 137 and at least one, soch as a pair of, teeth 186, In accordance
with the llustrated crbodiment, the sccond ip 174 can be forked so as to define the first and
second teeth 186, The second spike 187 s configured to abut or frictionally grip the troplant 20
once the second 1ip 174 has been moved nto contact with the implant 20, In one embodiment,
the second spike 187 can include a second base 188 that is positioned adjacent the second inmer
surface 176, and can be tapered from the second base 188 in the second transverse direction T2
to a second apex 190,

[8852] The second spike 187 can define a second height measured from the second
base 188 {0 the second apex 190 in the second transverse direction T2, In one embodiment the
height of the second protrusions 184 is differont than, for instance greater than or less than, the

first height of at least one of the first protrusions 144, In another embodiment the second height
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of the second protrusions 184 is the same as the first height of at lcast one of the trst protrusions
144.

[8833] The teeth 186 cach inchide a tooth body 192 that includes a tooth base 194 and a
tooth apex 196 that at [cast partially defines the piercing portion 182, Each tooth body 192 can
nclude a tooth imner end 198, a tooth outer end 200 that is opposite the tooth inner end 198, and
first and second tooth sides 202 and 204 that each extend from the tooth inner end 198 to the
tooth outer end 200, As shown in the dllustrated embodiment, the tooth body 192 is curved such
that the toeth 186 extend from the tooth base 192 1o the tooth apex 196 in both the second
tongitudinal direction L2 and in the second transverse divection T2, The tooth body 192 includes
a tooth central axis 193 that extends from the tooth base 194 to the tooth apex 196, As shown
the tooth central axis 193 can be curved. The tooth body 192 defings a tooth length measured
from the tooth base 194 to the tooth apex 196 along the tooth central axis 193, The tooth body
192 defines a tooth width measored between the first and second tooth side walls 202 and 204 in
the second lateral direction A2 or measured in a direction substantially perpendicular to the tooth
central axis 193, The tooth body 192 further defines a tooth height measured between the tooth
inner end 198 and the tooth outer end 200 in the second transverse direction T1 that is
substantially perpendicular to both the second lateral direction AZ and the tooth central axis 193.

16054] The tooth body 192 can inclade a first tooth portion 206 and a second tooth
portion 208, wherein the second tooth portion 208 is located distally of the fixst tooth portion
206. The first tooth portion 206 can define a constant cross-sectional area such that the tooth
width and the tooth height are constant along first portion 206. The second tooth portion 208 can
define a varying cross-sectional arca such that the second tooth portion 208 is tapered as the
tooth body 192 extends distally from the tooth base 194 to the tooth apex 196, The second tooth
portion 20¥ can be tapercd such that cither the tooth width, the tooth height, or both the tooth
width and the tooeth height decrease as the tooth body 192 extends from the tooth base 194 1o the
tooth apex 196, The second tooth apex 196 defines a leading edge 210. In one embodiment the
leading edge 210 is in the form of a point, for example if the tooth width and the tooth height
taper down towards the tooth apex 196 such that the tooth inner end 19€, the tooth cuter end 200,
the first tooth side wall 204, and the second tooth side wall 206 all meet at the tooth apex 196, In
another embodiment, the leading edge 210 1s in the form of a line, for example if either the tooth
width or the tooth height tapers down towards the tooth apex 196 such that cither the tooth inner
end 198 and the tooth outer end 200; or the first tooth side wall 204 and the second tooth side

wall 206 meet at the tooth apex 196.
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[80858]  As shown in the illustrated embodiment, the cradie 180 can be defined by the
tooth inner end 198 of the teeth 186 alone or in combination with the second spike 187, The
cradle 180 can be configured to cradle or abut the outer surface 24 of the mplant 20 at a location
defined by and between the second spike 187, for mstance the distal-facing surface of the second
spike 187, and the apices 196 of the teeth 186 such that one or more points of contact are defined
between the tmplant 20 and the cradle 180, In one embodiment the one or more pomnts of contact
inchude the second spike 187 and the tooth inner end 198 of at least one of the onc or more toeth
186. The tooth joner cod 198 is configured to correspond 1o shape to the outer surface 24 of the
maplant 20 such that a portion of the tooth imner end 198 cradles or abuts the outer surface 24 of
the implant 20 to create one or more points of contact between the second tip 174 and the outer
surface 24 of the implant 20, In accordance with the illustrated embodiment, the sbutment
between the cradle 180 and the wnplant 20 can span at least 10%, such as 25%, for mstance at
least S0% of the distance between the second spike 187 and the apices 196 of the teeth 186,

{8656] The picicing portion 142 can be configured to picree or bite mto the traplant 20
such that the piercing portion passes through the outer surface 24 of the toplant 20 but does not
puncture alf the way through the implant 20 such that the piercing portion 182 exits the inmner
surface 22 of the implant 20, The piercing portion 182 includes the second tooth portion 208 of
cach of the one or more teeth 186, which extends distally out from the first tooth portion 206,

{8687] In one embodiment the piercing portion 182 includes two tecth 186 that are
offsct with respect to each other in the second lateral direction A2 and aligned with respect to
cach other in both the sccond longitudinal divection L2 and the second transverse direction T2.
o another emboediment the two feeth 186 can be aligned with respect to one another in the
second lateral direction A2 and offset in at least one of the second longitudinal direction £.2 and
the second transverse direction T2,

18658] As shown the two testh 186 can be identical such that the two testh have the
same tooth length, tooth height, and tooth width. In another embodiment the two teeth 186 can
be different such that the two teeth 136 have at least one of a different tooth length, tooth height,
and tooth width.

[8859]  As shown in the illustrated embodiment, the one or more teeth 186 includes two
teeth 186, In another embodiment the one or more tecth 186 includes a single tooth 186 that is
configured to pierce or bite into the implant 20, In another embodiment the one or more tecth
186 can include multiple teeth 186 such as 3 or more teeth 186 arranged inany of the

orientations described in detail above,
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[866€¢] In one embodiment the first protrusions 144 can cach be integral (or monolithic)
with the first nmer surface 138, respectively such that the first protrusions 144 and the first inner
surface 138 are formed of a single piece of material. In another embodiment the second
profrusions 184 can cach be integral {or monolithic) with the second inner surface 176,
respectively such that the first protrusions 144 and the first foner surface 134 are formed ofa
single piece of material. In another embodiment, the one or more first protrusions 144 are
removable from the first inner surface 138 such that the one or more first protrasions 144 canbe
switched out, for cxample spikes 146 could be removed and replaced with a textured surface (not
shown).

[6861] The mstrument 100 can mnchude a locking mechanism 250 configured to retain
the first arm 1072 to the second arm 104 in a relative orientation about the pivot axis P. Inone
embodiment the locking mechanism 250 s included in the first and second handle portions 110
and 156. In another embodiment the locking mechanism 250 can be included in the first and
sccond body portions 114 and 160, In another embodiment the locking mechanism 250 can be
inchided in the first and second distal portion 112 and 158, The locking mechanism 250 can be
configured to retain the first avm 102 in a relative orientation to the second arm 104 about the
pivot axis P such that no bands are required on the instrument to maindaio the relative
oricrtation.

18662) As shown in the illustrated embodiment the locking mechamism can include a
ratchet system 252, The ratchet system 252 includes a first ratchet arm 254 and a second ratchet
arm 256. The first ratchet arm 254 includes a first ratchet arm inner surface 258 and 2 first
ratchet armg outer surface 260, Similarly, the second ratchet arm 256 ncludes a second ratchet
arm inmer sorface 262 and a second ratchet arm outer surface 264, The first and second ratchet
arm inner surface 258 and 262 include corresponding sets of teeth 266 and 268 respectively.

18663] The tecth 266 and 268 are configured such that as the first and second arms 102
and 104 are rotated about the pivot axis P in the first divection, such that the first and second tips
128 and 174 move closer to one another the teeth 266 and 268 shide over each other. However,
rotation in the second direction, opposite the first direction, is blocked by the teeth 266 and 268
mterfering with each other and not sliding over each other. Thus, when the fivst and second arms
102 and 104 have been rotated about the pivot axis P in the first direction such that a
compressive foree F is applied to the mplant 20 and the mandible 4, the first and second handle
portions 110 and 156 can be released and the first and second arms 102 and 104 will remain in
their current orientation and continue to apply the compressive foree F to the implant 20 and

mandible 4.
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18064] The instrumnend 100 can further inchade a hinge assembly 280 that inchudes the
first and sccond body portions 114 and 160 and the pivot axis P, As shown in the illustrated
embodiment the first pivot portion 124 of the first boedy portion 114 s pivotally coupled to the
second pivot portion 170 of the sccond bedy portion 160 at the pivot axis P such that the first and
second body pertions 114 and 160 {and thus the first and sccond arms 102 and 104) can rotate
about the pivot axis P relative to each other. In one embodiment the first pivot portion 124
passes through a recess 171 or opening in the second pivot portion 170, The first and second
pivot portions 124 and 170 can be joined by a pin 2872 that passes at least partiaily through the
first and sccond pivot portions 124 and 170. The pin 282 can be laser welded or staked to at
least one of the first and second pivet portions 124 and 170 to prevent disassembly of the first
and second arms 102 and 104.

[8665] Reforring to Figs. 3A 0 4D, the nstrument 100 includes a first configuration,
for example an open configuration {as shown in Figs. 3A to 3D} and a second configuration, for
example a closed configuration (as shown i Figs. 44 t0 4D). In the first configuration the first
inmer surface 138 of the first tip 128 and the sccond fmner surface 176 of the second tip 174 arc
separated by a distance 3. The distance D, in the first configuration is configured such that an
implant 20 that s abutting a mandible 4 will fit between the first inner surface 138 of the fst tip
128 amd the second inner surface 176 of the second tip 174, o the secound configuration the
distance D separating the first and second inner surfaces 138 and 176 18 reduced relative to the
distance B when the instrament 100 is in the first configuration. In the closed configuration the
distance D is configured such that the first and second inner surfaces 138 and 176 can engage
and apply a compressive force F to two opposed surfaces, such as the outer surface 24 of the
mplant 20 and the nner surface 7 of the mandible 4.

18866] In one embodiment the pivot axis P is parallel to the first and second lateral
dircctions Al and AZ. As the first arm 102 rotates relative to the second arm 104 about the pivot
axis P in the first divection such the instrument 100 transitions from the first configuration to the
second configuration. As the instrument 100 transitions from the first configuration to the
second configuration the relative positions of the grip member 142 and the cradle and piercing
portions 180 and 182 may change. For example, in one embodiment when the instrument 100 is
i the first configuration the grip member 142 of the first tip 128 is positioned farther from the
pivot axis P than the cradle 180 and the picrcing portion 182 {(as measured along the first
longuudmal direction L1}, As the second arm 104 s rotated relative to the first arm 102 inthe

first direction transitioning the instrument 100 to the second configuration, at least a portion of

- 14 -



WO 2014/058731 PCT/US2013/063448

the cradle 180 or the piercing portion 182 can be positioned farther from the pivet axis P than the
grip member 142 (as measured along the first longitudinal direction L.1).

[6867] While the foregoing description and drawings represent the preferred
embodiments of the present invention, i will be understood that various additions, modifications,
combinations and/or substitutions may be made therein without departing from the spirit and
scope of the present invention as defined in the accompanying clatms. In particular, it wili be
clear to those skilied in the art that the present invention may be embodied in other specific
forms, structures, arrangements, proportions, and with other cloments, materials, and
components, without departing from the spirtt or essential characteristics thereof. One skilled in
the art will appreciate that the invention may be osed with many modifications of structare,
arrangement, proportions, materials, and components and otherwise, used in the practice of the
mvention, which are particularly adapted to specific environments and operative requirements
without departing from the principles of the present invention. In addition, features described
herein may be used singularly or in combination with other features. The presenily disclosed
embodiments are therefore to be considered m all respects as illusirative and not restrictive, the
scope of the mvention being indicated by the appended clatms, and not Emited to the foregoing

description.
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What is Claimed:

1. A surgical instrument configured to retain an implant against 3 mandible, the surgical
instrument comprising:

a first arm including a first proximal portion, a first distal portion, and a first body portion
that extends distally from the first proximal portion o the first distal portion, the first distal
portion including at least one grip member configured to grip the mandibie; and

a second arm that is pivetally coupled to the first arm about a pivot axis, the second arm
mchiding a second proximal portion, a second distal portion, and a sccond body portion that
extends distally from the second proximal portion to the second distal portion, the second distal
portion carrying an implant retention member that is configured to abut the uplant at a first
location of the second arm, and fimther carrying a plercing portion that is configured to pierce the
mnplant, the piercing portion disposed at a second location of the second amm that 18 spaced from

the fust location of the second arm.

2. The iostrument of claiz 1, wherein the first distal portion includes a first inner surface
that faces the second arm, and the grip member includes at least one first protrusion that extends

out from the first inner surface.

3. The instrument of claim 2, wherein the one or more first protrusions inchide two conical
spikes.
4. The instrument of claim 2, wherein the at least one fivst protrusion tapers along a

dircction that cxtends substantially perpendicularly out from the first inner surface.

5. The instrument of claim 2, wherein the one or more first protrusions nchide at least one

of a spike with a flattened top, a blade, and a textured surface.

6. The instrument of claim 2, wherein the grip member is configured to frictionally grip but

not pierce the first surface.

7. The instrument of claim 1, wherein the implant retention member fncludes at least one
cradle that is configured to abut the implant, and at least one piercing portion that 18 configured

to pierce the implant.
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8. The instrument of claim 7, wherein the second distal portion includes at least one spike
and at least one tooth having a tooth apex, the cradle extends from the spike to the apey, and the

apex that at least partially defines the piercing portion.
9. The instrument of claim 8, wherein the spike is substantially conical.

10, The imstrument of claim 8, wherein the at least ove tooth includes 2 pair of tecth that are

spaced apart from each other.

11, The wstrument of claim 8, wherein the tooth apex is tapered so as to define a leading

edge configured to pierce the second surface.

12, The instrument of claim 11, wherein the tooth apex i3 tapered with respect to two

dircctions such that the leading edge is in the form of a poiut.

13, The instrument of claim 11, wherein the tooth apex is tapered with respect to one

dircetion such that the leading edge is in the form of a bne.

14. The mstrument of claim 1, wherein rotation of the first arm relative to the second arm
about the pivot axis in a first direction causes the first distal portion to move toward the second

distal portion.

15. The instroment of claim 14, wherein rotation of the first arm relative 1o the second arm
about the pivot axis in a second direction causes the first distal portion to move away from the

second distal portion.

16.  The instrument of claim 15, further comprising a locking mechanism that is configured to
prevent rotation of the fivst arm relative to the second arm about the pivot axis in the sccond

direction.

17, The mstrument of claim 16, wherein the locking mechanism includes first and second
ratchet arms attached to the first and sccond arms, respectively, the first and sccond ratchet arms
cach including corresponding tocth that cam over cach other when the first arm is rotated with
respect to the second arm in the first direction, and the corresponding teeth interfere with cach

other when the first arm is rotated with respect to the second arm n the sccond direction.
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18, The mmstrument of claim 1, wherein the first body portion is clongate along a first contral
axis, and the first tip portion is clongate along a second central axis, the first central axis and the

second central axis intersect to define an angle.

19. The mstriment of claim 18, wherein the first central axis and the sccond central axis are

angolarly offset such that the angle is between about 90 degrees and about 145 degrees.
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