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Description
Field of the Invention

[0001] The invention relates to an artificial dental sys-
temn, particularly to a bionic dental implant which is im-
planted intc a jaw bone and serves as an artificial tooth
root. Meanwhile, the invention also relates to a main root,
a subsidiary root and an implanting method which are
applied to the bionic dental imgplant.

Background of the Invention

[0002] For the convenience and long-term stability of
clinical application, currently, the implant body which is
successfully used for so many times by dentists is a cyl-
inder-cone-shaped rotation in-position type implant body
which is similar to a natural-tooth-root shape. The shape
is an axial-symmetrical-cylinder shaped implant body or
a cone-shaped implant body. The surface of the implant
body generally has screw threads which can be rotatably
positioned at a bone hole of the prepared jaw bone.
Therefore, certain initial-stage stability can be obtained.
Furthermore, as various methods (such as surface coars-
ening and plasma gpray coating) in which the same jaw
bone biclogical contact area is increased on the suiface
of the implant body is implemented, the implant body is
popularly used in the world currently.

[0003] The invention, which hag publication No.
CN1826089A and name of "dental implant”, discloges a
dental implant consisting of a fixing root part, a neck part
and abasal platform part. The patent is a classic cylinder-
cone-shaped rotation in-position type implant. As being
a single-cylinder body or a cone-shaped body. the im-
plant body can not form the mutual tensile action similar
o that between a plurality of root teeth of a natural tooth
s0 as to fulfillthe anti-rotation and anti-twist function. Only
the imited initial fixing action of the threads of the surface
of an implant body can not resist various torque force
interference produced on the implant body by the teeth
on the base of the implant body when food is chewed.
Therefore. currently, most of the implant bodies should
wait several months after having been implanted into the
jaw bone, and the teeth can notbe mounted and stressed
and ¢an not implement chewing function; otherwise, the
organic bone combination on the contact interface be-
tween the implant body and the jaw bone will be de-
stroyed, and the implant body will cventually bocomoe
loosened and the implanting will failed.

Summary of the invention

[0004] The invention relates to an artificial dental sys-
tem, particularly to a bionic dental implant which is im-
planted into a jaw bone and serves as an artificial tooth
root. Meanwhile, the invention also relates to a main root,
a subsidiary root and an implanting method which are
applied to the bionic dental implant.
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[0005] Onc of the purposcs of the invention is to pro-
vide a bionic dental implant similar to the natural tooth
root so as to cover the shortages of the prior art. The
bionic dental implant not only has good initial stable per-
formance and initial anti-rotation and anti-twist function
but also can increase the contact area between the im-
plant body and the jaw bone and increase the success
ratio of immediate stress and long-term stability and ef-
fectiveness after being implanted.

[0006] Inorderto obtain the above purposes, the tech-
nique scheme of the bionic dental implant of the invention
is as follows:

[0007] A bionic dental implant comprises a main root,
a basal platform and a platform bolt. The main root in-
cludes a fixing root part, a neck partlocated on the upper
end of the fixing root part and a mounting channel located
inside the main root. An aperture is provided inside the
basal platform. the platform bolt communicates with the
aperture to make the basal platform to be fixed on the
main root. The invention is characterized in that the
main root also includes at least one subsidiary root, the
main root has the same number of inclined holes as the
subsidiary root. the inclined holes form a sharp angle with
respect to the mounting channe! and communicate with
it, and the upper end of the subsidiary root arefixed inside
the inclined holes of the main root.

[0008] As one main embodiment of the invention, a
mounting channel of a main root comprises a cone hole,
a multi-square hole and a screw hole in the order from
the top down. A basal platform comprises a basal plat-
form part, a cone body located at the lower end of the
basal platform part and matched with a cone hole and a
multi-square body located at the lower end of the cone
body and matched with the multi-square hole of the main
root. The sides of the multi-square body of the basal plat-
form are provided with a dovetail groove corresponding
to the numbcr of a subsidiary root. A dovctail joint
matched with the dovetail groove on the multi-square
body is provided on the end surface of the subsidiary root
of the upper end of the subsidiary root. After the basal
platform is inserted into the mounting channel. the dove-
tail groove on the basal platform and a dovetail joint on
the subsidiary root are clamped together. The subsidiary
root is fixedly mounted in an inclined hole of the main
root. A mounting positioning hole is provided in the end
surface of the subsidiary root.

[0009] As another embodiment of the invention, a
mounting channc! of a main root compriscs a conc hole,
a multi-square hole and a screw hole in the order from
the top down. The basal platform comprises a basal plat-
form part, a cone body located at the lower end of the
basal platform part and matched with the cone hole of
the main rootand a multi-square body located at the lower
end of the cone body and matched with the multi-square
hole of the main root. The sides of the multi-square body
of the basal platform are provided with a dovetail joint
corresponding to the number of a subsidiary root. Adove-
tail groove matched with the dovetail joint on the multi-
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square body is provided on the end surface of the sub-
sidiary root of the upper end part of the subsidiary root.
A groove passed through the dovetail joint is provided
inside of the multi-square hole of the main root. After the
basal platform is inserted into the mounting channel, the
dovetail joint on the basal platform and a dovetail groove
of the subsidiary root are clamped with each other; there-
fore, the subsidiary root is fixed and mounted in an in-
clined hole of the main root. A mounting positioning hole
is provided in the end surface of the subsidiary root.
[0010] As another main embodiment of the invention,
a mounting channcl of 2 main root compriscs a conc
hole. a multi-square hole and a screw hole. A basal plat-
form compriges a basal platform part, a cone body locat-
ed at the lower end of the basal platform part and matched
with the cone hole of the main root and a multi-square
body located at the lower end of the cone body and
matched with the multi-square hole of the main root. The
upper end part of a subsidiary root is a cone body. The
cone body of the subsidiary root gradually becomes big-
ger along an axis toward the end surface of the subsidiary
root. The end surface of the subsidiary root is a concave
surface matched with the periphery surface of the cone
body of the basal platform. A mounting positioning hole
ig provided at the end surface of the subsidiary root. The
shape of an inclined hole of the main root is a cone hole
matched with the cone body of the subsidiary root. After
the basal platform is inserted into the mounting channel,
the outer surface of the cone body of the basal platform
contacts and is matched with the concave surface on the
end surface of the subsidiary root. Therefore, the sub-
sidiary root is fixed and mounted in the inclined hole of
the main root.

[0011] Another purpose of the invention aims at cov-
ering the shortages of the prior art and provides a main
root applied to a bionicdentalimplant. The concrete tech-
nique scheme is as follows:

[0012] The main root is provided with at least an in-
clined hole. The inclined holes form a sharp angle with
respect to 2 mounting channel and communicate with it.
Therefore. the upper end of a subsidiary root is fixed and
mounted in the inclined hole of the main roaot.

[0013] Anocther purpose of the invention aims at cov-
ering the shortages of the prior art and provides a sub-
sidiary root of a bionic dental implant. The concrete tech-
nique scheme is as follows:

[0014] The outer diameter of the upper end of a sub-
sidiary root is matched with the inner diamcter of the in-
¢lined hole. Therefore. the upper end of the subsidiary
root is fixed and mounted in the inclined hole of the main
root.

[0015] Another purpose of the invention aims at cov-
ering the shortages of the prior art and provides an im-
planting method applied to a bionic dental implant. The
concrete technique scheme is as follows:

[0016] (1}A holeis drilled by a drilling tool in a jaw bone
which is needed to be implanted in advance;

[0017] ({2)The inner wall of a bone hole is threaded by
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athreading tool, and athread hole matched with the outer
thread of the main root is formed;

[0018] (3)Multi-square holes are connected with each
other by a tool. The main root is screwed into the bone
hole;

[0019] (4)A small drilling tool of which the diameter is
mated with the subsidiary root is passed through a mount-
ing channel and a inclined hole and reaches a j aw bhone.
The holeis drilled obliquely. The drilling depthisthe same
as the depth by which the subsidiary root is implanted
into a jaw bone;

[0020] (5S)After mounting positioning holes are con-
nected with each other by a mounting positioning tool, a
subsidiary root is passed through a mounting channel
and ainclined hole and reaches a bone hole, which guar-
antees the end surface of the subsidiary root and the
sides of a multi-square hole of 2 main root are positioned
at the same plane;

[0021] (6)A basal platform is placed downwards from
a mounting channel. A dovetail groove or a dovetail joint
of the sides of a multi-square body is smocthly inserted.
is combined with the dovetail joint or the dovetail groove
of a subsidiary root and forms a tight tabling. The sub-
sidiary root is fixed and mounted in a inclined hole of a
main root;

[0022] (7A bolt ot a basal plattorm is winded up and
the above parts form a tight integration one.

[0023] The advantages of the invention are that a bi-
onic dental implant of the invention forms at least a multi-
dental implant body fixing system which has more than
two fixing roots; therefore, it not only forms multi-root
plane type resistance distribution which fulfills the tensile
action between the roots and resists the chewing and
rotation interference but also forms a multi-root steric
typeresistance distribution. Itembodies the physiclogical
feature of the natural tocth of "the bigger the area be-
tween the tooth roots is. the more stable the tecth are™
It obviously enhances the initial stability of the implant
body. The mutual tensile action between the multi-roots
stimulates the bone fibers of a jaw bone. which better
accords with the physiclogical feature of the jaw bone.
Therefore, the invention has the advantages of more
bone tissue hyperplasia, less absorption and effective
enhancement of the combination of the implant body and
the bone tissue.

[0024] Furthermore, through the change of the angle
hetween a main root and a subsidiary root, the scope of
shape of a bionic dental implant almost compriscs the
shapes of the tooth root structures ot various natural
teeth. Therefore, the stressed method and the registance
method of the dental implant are more similar to that of
the natural physiological status of the natural teeth. As
the intersecting implanting method of a subsidiary root
and a main root, the lengths, sizes, direction and inter-
secting parts, intersecting angle of the subsidiary root
and the main roct, and the inclined angle of the whole
implant body can be selected flexibly according to the
status, texture, anatomical structure conditions of the
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bone in the implanted area ot a jaw bone before the op-
eration when the bionic dental implant is implanted.
Therefore, multiple roots of a steric combinative structure
in multiple planes are formed. The potential implanting
space in the jaw bone is further widened. Meanwhile,
non-damage anatomical structures an the jaw bone such
as tubes, cavities and sinuses can be avoided, and the
implanting adaptation scope can be widened.

[0025] Furthermore, the invention has good initial sta-
hility performance and initial anti-rotation and anti-twist
performance. It can increase the contacting area be-
tween an implant body and a jaw bone. It also increases
the success ratio of immediate stress after the implanting
and the success ratio of stably fulfilling the chewing action
for long term. Particularly, compared with the single im-
plant body of the prior art, the implanting position of a
subsidiary root is more biased toward the inner side
and/cr the outer side of a jaw bone. Therefare, the fixing
root part of the implant body is easier to be implanted in
the cortical bone in higher bone density and is obliquely
and rotatably fixed in the cortical bone, which can obtain
higger fixing force of the high-density bhone. Therefore,
compared with the single implant body of the prior art
and the implant body onc part of surface of or most of
the surface of which is positioned in the spongy hone
with less bone density, the invention has remarkable and
good initial stability. Meanwhile, the intersecting implant-
ing technique of multiple roots of the invention effectively
embodies the biomechanical features of mutual tension,
mutual support and commonly resisting the resolution of
the lateral torque force when the chewing force is held
between a plurality of the dental roots of natural teeth.
Therefore, it not only increases the initial stressing level
of the implant body but also has the material base for
decreasing the abscrption which is formed by the torque
force interference cenducted in the sclerotin on the im-
plant body interface of the jaw bone. The implanting
method of a bionic dental implant is the same asg the
existing implanting operation, which is operated through
an implanting port; furthermore. the implanting method
of axially rotation entering positioning is both adopted by
a main rootand asubsidiary root. Therefore, theinvention
maintains the advantages of the simple operation and
better practicability of the cperation method when the
dental implantis implanted into the jaw bone, and obtaing
the obvious advantages of the implanting of multiple
roots.

Brief Description of the Drawings

[0026] Fig. 1 shows a spatial view of an overall struc-
ture according to the embodiment 1 of the invention.
[0027] Fig. 2 shows a spatial view of a main root ac-
cording to the embodiment 1 of the invention.

[0028] Fig. 3 shows a sectional view of Fig. 2.
[0029] Fig. 4 shows a vertical view of Fig. 2.
[0030] Fig. 5 shows a spatial view ofthe inner structure

after the cut of Fig. 2.
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[0031] Fig. 6 shows a spatial view of a subsidiary root
acecording to the embodiment 1 of the invention.

[0032] Fig. 7 shows a spatial view of the inner structure
after the assembly of a main root and a subsidiary root
according to the embodiment 1 of the invention.

[0033] Fig. 8 shows a spatial view of a basal platform
according to the embodiment 1 of the invention.

[0034] Fig. 9 shows a spatial view of the mutual tabling
of a subsidiary root and a main root according to the
embodiment 1 of the invention.

[0035] Fig. 10 shows a spatial view of the inner struc-
fure after the assembly of a main root, a subsidiary root
and a basal plattorm according to the embodiment 1 ot
the invention.

[0036] Fig. 11 shows a spatial view of the inner struc-
ture after the assembly of a2 main root, a subsidiary root,
a basal platform and a basal platform bolt according to
the embodiment 1 of the invention.

[0037] Fig. 12 shows a spatial view of an overall struc-
ture according to the embodiment 2 of the invention.
[0038] Fig. 13 shows a spatial view of a main roof ac-
cording to the embodiment 2 of the invention.

[0039] Fig. 14 shows a sectional view of Fig. 13.
[0040] Fig. 15 shows a vertical view of Fig. 13.
[0041] Fig. 16 shows a vertical view of Fig. 12.
[0042] Fig. 17 shows a spatial view of 2 basal platform

according to the embodiment 2 of the invention.

[0043] Fig. 18 shows a spatial view of the inner struc-
ture after the agsembly of a main root, a subsidiary root
and a basal platform according to the embodiment 2 of
the inventicn.

[0044] Fig. 12 shows a spatial view of an overall struc-
fure according to the embodiment 3 of the invention.
[0043] Fig. 20 shows a spatial view of an overall struc-
fure according to the embodiment 4 of the invention.
[0046] Fig. 21 shows a spatial view of an overall struc-
turc according to the embodiment 5 of the invention.
[0047] Fig. 22 shows a spatial view of an overall struc-
ture according to the embodiment 6 of the invention.
[0048] Fig. 23 shows a spatial view of an overall struc-
ture according to the embodiment 7 of the invention.
[0048] Fig. #24 shows a spatial view of an overall struc-
ture according to the embodiment 8 of the invention.
[0050] Fig. 25 shows a schematic diagram of the use
state according to the invention.

[0051] Fig. 26 shows a spatial view of the inner struc-
ture after the assembly of a main root and a subsidiary
root according to the embodiment 2 of the invention.
[0052] Fig. 27 shows a sectional view of a main root
according to the embodiment 9 of the invention.

[0053] Fig. 28 shows a spatial view of a subsidiary root
according to the embodiment 9 of the invention.

[0054] Fig. 22 shows a spatial view of a basal platform
according to the embodiment 9 of the invention.

[0055] Fig. 30 shows a spatial view of the inner struc-
ture after the assembly of a main root and a subsidiary
root according to the embodiment 10 of the invention.
[0056] Fig. 31 shows a spatial view of a basal platform
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according to the embodiment 1Q of the invention.
[0057] Fig. 32 is a sectional view of a main root ac-
cording to the embodiment 10 of the invention.

[0058] Label Declaration Section: main root 1, fixing
root part 11, neck part 12, mounting channel 13, cone
hole 131, square hole 132, screw hole 133, trigonal hole
134, groove 135. inclined hole 14, leaf-shaped cut groove
15, screw thread 16, basal platform 2, aperture 21, basal
platform part 22, basal platform groove 221, cone body
23, square body 24, dovetail groove 25, dovetail joint 26,
trigonal body 27, basal platform bolt 3, subsidiary root 4,
dovetall joint 41, dovetail groove 42, conc body 43, sub-
sidiary root end suiface 44, mounting positioning hole
45, screw thread 46, leaf-shaped cut groove 47, artificial
tooth 5, tooth sinew 6 and jaw bone 7.

Embodiments:

[0059] With the figures, the preferred embodiments of
the invention are further described as the following:
[0060] Embodiment 1:

[0061] ReferringtoFigs1,2,3,4.5,6,7.8,.9,10, 11
and 25. a bionic dental implant comprises a main root 1,
a basal platform 2 and a basal platform bolt 3. The diam-
eter of the main root 1 is 4.8 mm. The main root 1 com-
prises afixing root part 11, a neck part 12 located at the
upper end of the fixing root part 11 and a mounting chan-
nel 13 located inside the main root 1. An aperture 21
communicated with the two ends of the basal platform 2
is provided ingide the basalplatform 2. The basal platform
bolt 3 is passed through the aperture 21 and fixes and
mounts the basal platform 2 at the main root 1. The dental
implant also comprises two subsidiary roots 4. The di-
ameter of the subsidiary root 4 is 2 mm. The main roct
is provided with two inclined holes 14. The inclined holes
14 form a sharp angle with respect to the mounting chan-
nel 13 and communicate with it. The outer diameter of
the upper end of the subsidiary hole 4 is matched with
the inner diameter of the inclined hole 14 and is fixed and
mounted in the inclined hole 14 of the main root. The
included angle of the subsidiary root 4 and the main root
1is 21 degrees.

[0062] The mounting channel 13 of the main root 1
comprises a cone hole 131, a square hole 132 and a
screw hole 133 in the order from the top down. A basal
platform 2 comprises a basal platform part 22, a cone
bhody 23 located at the lower end of the basal platform
part 22 and matched with the conc hole 131 of the main
root 1 and a square body 24 located at the lower end and
matched with a square hole 132 of the main root 1. The
cone hole 131 becomes thinner from the top down. The
sides of the square body 24 of the basal platform 2 are
provided with two symmetrical dovetail grooves 25. The
end surface 44 of the subsidiary root of the upper end
part of the subsidiary root 4 is provided with a dovetail
joint 41 matched with the dovetail groove 25 on the
square body 24. The subsidiary root 4 and the basal plat-
form 2 can be automatically locked after the dovetail
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groove 25 and the dovetail joint 41 arc clampedtogether.
Therefore, the subsidiary root is fixed and mounted in an
inclined hole 14 of the mainroot 1. Amounting positioning
hole 45 is provided in the end surface 44 of the subsidiary
root. The shape of the mounting positioning hole 45 is a
square hole. After a mounting tool and the mounting po-
sitioning hole 45 are connected together, the subsidiary
root 4 can be positioned in a bone hole and be winded up.
[0063] Referring to Fig. 1, the lower end parts of the
outer peripheries of a main root 1 and a subsidiary root
4 are provided with threads 16, 46. The section shapes
of ridges of the threads are unsymmetrical trapezoids.
The angle (x} between the upper end surfaces of the
ridges and the axes of the main root 1 and the subsidiary
root 4 are 102 degrees. The angle (B} between the lower
end surfaces of the ridges and the axes of the main root
and the subsidiary root is 123 degrees. Three leaf-
shaped cut grooves 15, 47 are evenly distributed at the
position close to the end surfaces of the threads 18, 46.
[0064] The basalplatform part 22 of the basal platform
2 is also provided with a plurality of ring-shaped basal
platform grooves 221, which offers convenience for an
artificial tooth 5 to be stably mounted on the basal plat-
form part 22.

[0065] An implanting method of a dental implant ac-
cording to the embodiment 1 is as follows:

[0066] ({1)A jaw bone 7 which ig determined to be im-
planted in advance is drilled by a drilling tool;

[0067] (2)The inner wall of a bone holeis tapped by a
tapping tool, and a tread hole matched with an outer
thread 16 of a main root 1 is formed;

[0068] (3)Square hales 132 are connected by a tool.
The main root 1 is screwed in the bone hole;

[0069] {(4)A small drilling tool of which the diameter is
matched with a subsidiary root is passed through a
mounting channel 13 and an inclined hole 14 and drilled
obliquely in a jaw bonc. The depth of the drilling is the
same as the implanting depth of the subsidiary root in
the jaw bone;

[0070] (5)After a mounting positioning hole 45 of a sub-
sidiary root 4 is connected by a mounting positioning tool,
the subsidiary root 4 is passed through the mounting
channel 13 and the inclined hole 14 and screwed into a
hone hole. The end surface 44 of the subsidiary root and
the sides of the square hole 132 of the main root 1 are
guaranteed to be in the same plane;

[0071] (6)The hasal platform 2 is placed downwards
from a mounting channel 13. The dovetail groove 25 of
the sides ot the square body 24 is smoothly inserted
downwards, is clamped with the dovetail joint 41 and
forms the tight tabling. The subsidiary root 4 is fixed and
mounted in the inclined hole 14 of the main root 1.
[0072] (7)The basalplatformbolt 4 is winded up sothat
the above parts can be a tight integration one.

[0073] Embocdiment 2:

[0074] Referring to Fig. 12, 13, 14, 15, 18, 17 and 18,
the embodiment 1 is taken as reference. The same parts
are not described repeatedly. The different part is that
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the number of a subsidiary root 4 becomes three, and
the number of the inclined hole 14 on the corresponding
main root 1 is changed from two to three. A square hole
132 of the main root 1 becomes a trigonal hole 134. A
square body 24 ofthe basal platform 2 becomes a trigonal
body 27. The number of the dovetailgrooves 25 becomes
three, which is respectively positioned on the three sides
of the trigonal body 27.

[0075] Embodiment 3:

[0076] Referring toFig. 19, the embodiment 1 is taken
as reference. The same parts are not described repeat-
cdly. The different part is that the number of the subsid-
iary root 4 becomes one. The number of inclined holes
14 of the corregponding main root 1 is changed from two
1o one. The number of a dovetail groove 25 on a square
body 24 becomes one. The angle between the main root
1 and the subsidiary root 4 becomes 13 degrees.
[0077] Embodiment 4:

[0078] Referring to Fig. 20, the embodiment 3 is taken
as reference. The same parts are not described repeat-
edly. The different part is that a main root 1 is oblique.
The corresponding mounted basal platform 2 in the main
root 1 is also oblique. The oblique angle is the same as
that of the main root. The crossing angle between the
main root 1 and the subsidiary root 4 is 43 degrees.
[0079] Embodiment 5:

[0080] Referring to Fig. 21, the embodiment 4 is taken
as reference. The same parts are not described repeat-
edly. The different part ig that the lower end of a main
root is in a cone shape and becomes smaller along the
direction from a neck part 12 to a fixing root part 11.
[0081] Embodiment 6:

[0082] Referring to Fig. 22, the embodiment 1 is taken
as reference. The same parts are not described repeat-
edly. The different part is that a main root is relatively
short; i.e. the lower end of the main root 1 is obviously
higher than the lower end surtace of the subsidiary root
4. The included angle between the main root 1 and the
subsidiary root 4 is 26 degrees.

[0083] Embodiment 7:

[0084] Referring to Fig. 23, the embodiment 2 is taken
as reference. The same parts are not described repeat-
edly. The different part is that a main root 1 is relatively
short; i.e. the lower end of the main root 1 is obviously
higher than the lower end surface of a subsidiary root 4.
The angle between the main root 1 and the subsidiary
root 4 is 26 degrees.

[0085] Embodiment 8:

[0086] Referring to Fig. 24, the embodiment 6 is taken
as reference. The same parts are not described repeat-
edly. The different part is that the number of subsidiary
roote becomes four. The number of the inclined holes 14
on the correspanding main root 1 is changed from two
1o four. The number of the dovetail grooves 25 on a
square body becomes four.

[0087] Embodiment 9:

[0088] Referring to Fig. 26, 27, 28 and 29, the embod-
iment 1 is taken as reference. The same parts are not
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described repeatedly. The different part is that the posi-
tion of a dovetail groove 25 located on a square body 24
of a basal platform 2 is replaced with the position of a
dovetail joint 41 on a subsidiary root 4. The dovetail joint
26 is arranged on the square body 24 of the basal plat-
form. The dovetail groove 42 ig arranged on the subsid-
iary root 4. Correspondingly, in order that the basal plat-
form 2 ¢an be inseited into a main root 1, the inside of a
square hole 132 of the main root 1 is provided with a
groove 135 which is passed through the dovetail joint 26.
[0089] After the dovetail groove 42 and the dovetail
joint 26 of the embodiment are clamped together, the
subsidiary root 4 and the basal plattorm 2 are automati-
cally locked. Therefore, the subsidiary root 4 is fixed and
mounted in the inclined hole 14 of the main root 1. The
implanting method of the embodiment is the same as the
embodiment 1. Therefore. it will not be described repeat-
edly.

[0090] Embocdiment 10:

[0091] Referring to Fig. 30. 31 and 32, a mounting
channel 13 of a main root 1 of a bionic dental implant
comprises acone hole 131, a multi-square hole 132 and
a screw hole 133 in the order from the top down. A basal
platform 2 compriscs a basal platform part 22, a conc
bhody 23 located at the lower end of the basal platform
part 22 and matched with the cone hole 131 of the main
root 1 and a square body 24 located at the lower end of
the cone body 23 and maitched with the square body 132
of the main root 1. The upper end part of the subsidiary
root 4 is a cone body 43. The cone body gradually be-
comes bigger along the axial direction toward the end
surface of the subsidiary root. The end surface 44 of the
subsidiary root is a concave surface matched with the
cone body 23 of the basal platform 2. The end surface
44 of the subsidiary root is provided with a mounting po-
sitioning hole 45.An inclined hole 14 of the main root 1
is a conc hole matehed with the conc body 42 of the
upper end part of the subsidiary root 4.

[0092] Embodiment11:

[0093] Based on any one of the embodiment 1 to em-
bodiment 9, the widths of a dovetail groove 25, 42 and a
dovetail joint 28, 41 gradually become bigger along the
axial direction of 2 main root downwards so that a basal
platform 2 can be easily placed in a mounting channel 13.
[0094] Embodiment12:

[0095] Based on any one of the embodiment 1 to em-
hodiment 11, a multi-square hole of a main root 1 and
the multi-square hole of a basal platform 2 gradually be-
comes thinner along the direction trom a cone hole 131
to the multi-square hole.

[0096] Fig. 25 is a mounting schematic diagram of a
dental implant. From the figure, a fixing root part 11 of a
main root 1 and a subsidiary root is mounted in a jaw
bone 7. A neck part 12 of a main root 1 is mounted in a
tooth sinew. A basal platform part 22 of a basal platform
2 protrudes from the tooth sinew. An artificial tooth 5 is
mounted on the basal platform part 22. The main root 1
and the subsidiary root 4 can not be mounted in the jaw
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bone atthe sametime. Atter the main root must be mount-
ed firstly, the subsidiary root is then mounted in an in-
¢lined hole 14 of the main root 1 through a mounting
channel 13 in the main root 1. According to the medical
requirement, the mounted main root 1 and the subsidiary
root 4 must be stably connected with each other as an
integration one. The subsidiary root 4 can not have dis-
placementwith respectto the inclined hole 14 of the main
root 1. In order to obtain the above requirement of the
function. the embodiment of the invention discloses that
a dovetail groove 42 or a dovetail joint 41 matched with
the dovetail joint 26 or the dovetail groove 25 on the basal
platformis arranged at the end part of the subsidiary root.
The structures of the dovetail groove 42 and the dovetail
joint 41 meet the requirements of the above function. The
invention algo discloses that a cone body matched with
the inclined hole of the main root 1 is arranged at the end
part of the subsidiary root. Furthermore, the end surface
of the cone body of the subsidiary root 4 forms the con-
cave surface matched with the cone body 23 of the basal
platform so as to meetthe above requirements. However,
the embodiments can not be understood that they are
the limit of the invention. Every structure which can stably
connccet the main root 1 and the subsidiary root 4 as an
integration one after the main root 1, the subsidiary root
4 and the basal platform 2 are assembled together be-
longs to the protection scope of the invention.

[0097] Intheinvention, the number of a subsidiary root
can be flexibly selected according to the requirements,
such as one, two, three, four and a plurality of the sub-
sidiary roots. The mounting direction and the angle of the
subsidiary root 4 also can be flexibly selected according
to the requirements. As the limited space, specifications
are not described one by one.

[0098] Intheinvention, the angle between a subsidiary
root and a main root can be a sharp angle in the biggest
scope theoretically. But in the practical application, the
best scope of the angle is from 13 degrees {0 26 degrees
when a main root is upright; the best scope of the angle
between the main root and the subsidiary root is from 26
degrees and 43 degrees when the main root is oblique.
[0099] In the invention. a square hole and a trigonal
hole in a mounting channel of the main root 1 mainly offer
convenience for the mounting of the main root. A multi-
square-hole structure such as a pentagon hole and a
hexagon hole can be adopted.

[0100] In the invention, the thread type of a main root
and a subsidiary root and the included angle {«}. (3 can
be flexibly selected according to the requirements.
[0101] In conelusion. the technicians of the field will
know that the embodiments help the readers to under-
stand the principles of the invention; therefore, it should
be understood that the protection scope of the invention
does not limit the specifications and the embodiments.
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Claims

1. A bionic dental implant comprises a main root (1}, a
basal platform (2} and abasal bolt (3). the main root
{1) comprises a fixing root part (11}, a neck part {12}
located at the upper end of the fixing roat part (11}
and a mounting channel {13) located inside the main
root (1), the inner part of the basal platform (2} is
provided with an aperture communicated with the
two ends, the basal platform bolt (3} is passed
through the aperture (21} and fixes and mounts the
basal platform {2} on the main root {1}, wherein the
bianic dental implant also comprises at least one
subsidiary root (4), the main root {1} has inclined
holes (4} of which the number is the gsame as that of
the subsidiary root {4}, the inclined holes (14} form
a sharp angle with respect to the mounting channel
{13} and are communicated with the mounting chan-
nel (13}, the upper end of the subsidiary root (4) is
fixed and mounted in the inclined hole (14} of the
main root {1}.

2. The bionic dental implant according to claim 1,
wherein the mounting channel {13} of the main root
{1} comprises acone hole (131}, a multi-equare hole
and ascrew hole (133} inthe orderfrom the topdown,
the basal platform (2} comprises a basal platform
part (22}, a cone body (23} located at the lower end
of the basal platform part (22} and matched with the
cone hole (131} of the main root (1} and a multi-
square body located at the lower end of the cone
body (23} and matched with the multi-square hole of
the main root (1}, the sides of the multi-square body
cf the basgal platform (2} are provided with a dovetail
groove {25} of which the number corresponds to that
of the subsidiary roct (4}, the end surface {44} of the
subsidiary root (4) of the upper cnd of the subsidiary
root (4) is provided with a dovetail joint (41} matched
with the dovetail groove (25) on the multi-square
body. after the basal platform (2) is inserted into the
mounting channel (13}, the dovetail groove (25) on
the basal platform (2} and the dovetail joint (41) on
the subsidiary root (4} are clamped together, the sub-
sidiary root (4) is fixed and mounted in the inclined
hole (14} of the main root (1}, the end surface (44}
of the subsidiary root is provided with a mounting
positioning hole {45},

3. The bionic dental implant according to claim 1,
wherein the mounting channel (13} of the main root
{1} compriges the cone hole (131), the multi-square
hole and the screw hole {133} in the order from the
top down the basal platform {2} comprigses the basal
platform part (22}, the cone body (131} located at
the lower end of the basal platform part (22) and
matched with the cone hole {131} of the main root
{1} and the multi-square body located at the lower
end of the cone body (23) and matched with the multi-
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square hole of the main root {1}, the sides of the
multi-square body of the basal platform (2} are pro-
vided with a dovetall groove (26) of which the number
correspondstothatof the subsidiary root (4). the end
surface (44) of the subsidiary root (4} of the upper
end surface of the subsidiary root (4} is provided with
adovetail joint (26) matched with the dovetail groove
(42} on the multi-square body, the inner sides of the
multi-square body of the main root (1) is provided
with a groove (135} passed through the dovetail joint
(26}, after the basal platform (2} is inserted into the
mounting channc! {13}, the dovctail joint (26} on the
basal platform (2} and the dovetail groove (41} on
the subsidiary root (4} are clamped together, there-
fore, the subsidiary root (4) is fixed and mounted in
the inclined hole {14} of the main root (1}, the end
surface (44) of the subsidiary root is provided with
the mounting positioning hole (45).

The bionic dental implant according to claim 2 or 3,
wherein the widths of the dovetail groove (25) and
the dovetail joint (26, 41) gradually becomes bigger
along the axial direction of a main root downwards.

The bionic dental implant according to claim 1.
wherein the mounting channel (13} of the main root
(1) comprises the cone hole (131). the multi-square
hole and the screw hole (133} in the order from the
top down, the basal platform (2} comprises the basal
platform part (22}, the cone body (23} located at the
lower end ofthe basal platform part (22} and matched
with the cone hole (131} of the main root (1) and the
multi-square body located at the lower end of the
cone body {23} and matched with the multi-square
hole of the main root (1}, the upper end part of the
subsidiary root (4} iz the cone body {43), the cone
body (43} of the subsidiary root (4} gradually be-
comes bigger along the axis toward the end suiface
(44} of the subsidiary root, the end surface (44} of
the subsidiary root is the concave surface matched
with the outer periphery surface of the cone body
(23}. a mounting positioning hole (45} is provided in
the end surface (44) of the subsidiary root. the shape
of the inclined hole (14} of the main roct (1} is the
cone hole matched with the cone body (43} of the
subsidiary root (4}, after the basal platform (2} is in-
serted into the mounting channel (13}, the outer sur-
face of the cone body (23) of the basal platform (2}
contacts and is matched with the concave surface
on the end suiface (44} of the subsidiary root (4);
therefore. the subsidiary root (4} is fixed and mount-
ed in the inclined hole {14} of the main root {1}.

The bionic dental implant according to any one of
claim 1-3 or 5, wherein the multi-square hole of the
main root (1} and the multi-square body of the basal
platform (2} gradually become thinner along the di-
rection from the cone hole (131} to the multi-square
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10.

hole.

The bionic dental implant according to any one of
claim 1-3 or 5, wherein the included angle between
the main root (1} and the subsidiary root (4} is 13
degrees -26 degrees.

The main root of the bionic dental implant according
toclaim1-3 or 5, wherein the main root (1) is provided
with at least one inclined hole (14}, the inclined hole
{14} forms a sharp angle with respect to a mounting
channel {13} and is communicated with it, therefore,
the upper end of the subsidiary root (4} is tixed and
mounted inthe inclined hole {14} of the main root {1}

The subsidiary root of the bionic dental implant ac-
cording to any one of claim 1-3 or 5, wherein the
outer diameter of the upper end of the subsidiary
root (4} is matched with the inner diameter of a in-
clined hole {14); therefore, the upper end of the sub-
sidiary root (4} is fixed and mounted in the inclined
hole (14} of the main root {1}.

The implanting method of the kionic dental implant
applied to claim 2 or 3 comprises the following steps:

{1} A jaw bone which is determined to be im-
planted in advance is drilled by a drilling tool;
{2} The inner wall of the bone hole is tapped by
a tapping tool. which forms a thread hole
matched with the cuter thread (16) of the main
root (13;

{3} The multi-square holes of the main root are
connected together by a tool. The main roct (1}
is screwed into the bone hole;

{4} A small drilling tool of which the diameter is
matched with the subsidiary root is passed
through the mounting channel (13} and the in-
clined hole {14} and obliquely drilled the jaw
bone. The drilling depth is the same as the depth
of the subsidiary root (4) implanted in the jaw
hone;

{5} After the mounting positioning hole (45} of
the subsidiary root (4} is connected by the
mounting positioning tool, the subsidiary root (4}
is passed through the mounting channel (13}
and the inclined hole (14) and screwed into the
bonc hole, and the end surface (44 of the sub-
sidiary root (44} is guaranteed to be in the same
plane of the sides of the multi-equare hole of the
main root {1);

{6} The hasal platform {2} is placed downward
the mounting channel {13}. The dovetail groove
{25} or the dovetail joint of the sides of the multi-
square body are smoothly inserted. is clamped
with the dovetall joint (41} or the dovetail groove
of the subsidiary root {4) and forms a tight ta-
bling; therefore, the subsidiary roct (4} is fixed
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coupled thereto. In a preferred embodiment, the responsive zone comprises 4 shape memory

material, which may be nickel titaniwm or Nitinol.

[0008] In some embodiments, the elongate element comprises nitinol, while in other
aspects, the responsive zone is pseudoelastic at a body temperature. In this manner, the
elongate element may be used to apply desired forces at the fracture site. In some
embodiments, the responsive zone is generally centrally located in the elongate element. In
one aspecl, the responsive zone has a smaller overall cross section than a cross section of an
end of the elongate element. Such a configuration helps locate the stresses or pressures at a

desired location within the elongate element, and more specifically, at the responsive zone.

[0009] In some aspects, the bone fixation device further includes a coupler adapted to
couple the elongate element to the bone. The coupler may include one or more bone screws,
which in some embodiments comprise a shape memory material. In a particular embodiment,
the elongate element has first and second end sections each with at least one hole adapted to
receive a coupler therethrough to couple the element to the bone. Cther embodiments may
use two, three, four, or more holes in one or both end sections to fixedly couple the device to

the fractured bone.

[0010] The present invention further provides bone fixation systems. In one cmbodiment,
the system includes an elongate element having a responsive zone of shape memory material,
for example in its pseudoelastic state, and a coupler adapicd to couple the elongate element to
the bone so that the responsive zone is positioned adjacent a fracture site in the hone. In
some embodiments, the system includcs a romovable clamp, with the clamp adapted to
maintain the elongate elemcnt responsive zone in a desired position prior to coupling of the
element to the bone, and may further be adapted to be removed from the elongate element
after coupling of the element to the bone. In one aspect, the responsive zone is adapted to

apply a desired pressure to the bone when the elongate element is coupled to the bone.

[0011] The present invention further provides methods of stabilizing a fractured bone, In
one such embodiment, the method includes providing an elongate element, which may be a
plate, an intermedullary or intrameduliary nail, a bone screw, a pin, or related devices. The
elongate element has a responsive zone of a shape memory material, with the responsive zone
adapted to apply a desired pressure to the bone when coupled thereto. The method includes
coupling the elongate element to the bone so that the responsive zone is positioned adjacent a

fracture site in the bone.
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[6012] In one aspect, the method includes applying a force o the elongate element to
lengthen the responsive zene a desired amount, maintaining the element in the lengthened
position, coupling the element to the bone so that the lengthened responsive <one is
positioned adjacent the fracture site, and releasing the elongate element. In some aspects, a
clamyp is used to maintain the element in the lengthened position. In this manner, the elongate
clement may be released by removing the clamp. As aresulf, the stress formed in the
responsive Zone can be applied to the bone to facilitate fracture and fusion site compression,

stability, healing, and the like.

[0013] In a particular aspect, coupling the elongate element to the bone includes attaching a
first coupler to the element and to the bone on a first side of the fracture sitc, and attaching a
second coupler o the element and to the bone on a sccond side of the fracture site. In this
manner, the responsive zone is positioned adjacent the fracture site. In one aspect, the force
applied to the elongate element to lengthen the responsive zone the desired amount
corresponds to a desired compressive force to be applied to the fractured hone when the
element is coupled thereto. Again, the shape memory material may be nitinol, or other shape

memory materials compatible with the human body.

[0014] In one aspect, embodiments of the present invention provide a bone fixation system.
The sytem can include a bone fixation device having a responsive zone, and a clanip
configured to be received at least partially within an internal lumen of the bone fixation
device, where the internal lumen disposcd along an axial length of the bone fixation device.
The clamp can be adjustable between a first mode that induces or maintains a first amount of
strain in the responsive zone along the axial length of the bone fixation device, and a sccond
mode that mduces or maintains a second amount of strain in the responsive zone along the
axial length of the bone fixation device. The clamp may be removably coupled with the bone
fixation device. In some instances, the clamp includes an end cap and an internal brace. The
end cap can be adjustably engaged with the bone fixation device at an end cap first section,
and adjustably engaged with the internal brace at an end cap second section. Relatedly, the
end cap can be threadably engaged with the bone fixation device at an end cap first section,
and 1 threadably engaged with the inlernal brace at an end cap second section. In some
aspects, a central longitudinal axis defined by the internal lumen of the bone fixation device
is collinear with a central longitudinal axis defined by the internal brace. In related aspects,
the central longitudinal axis defined by the lumen of the bone fixation device is collinear with

a central longiudimal axis defined by the end cap.
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[0015] The bone fixation device can be, for example, an intramedullary or intermedullary
nail, a screw, a plate, a pin, a compression rod, a vertebral fixation device, and the like, The
responsive zone can have a physical characteristic similar {o human tissue. In some cases,
the physical characteristic is a modulus such as an elastic modulus. For example, the
modulus can have a value in a range from between about 10 GPa to about 70 GPa. In some
cases, the human tissue is bone. Qften, the responsive zone includes a shape memory
material, which may be a shape memory alloy. A shape memory alloy can include a nickel
alloy, a copper alloy, and the like. In some cases, the shape memory alloy includes a nickel
titanium alloy, a copper zinc aluminum alloy, a copper aluminum nickel alloy, or the like.
The responsive zone is configured to provide a predetermined or preset compressive force
across a bone fracture or fusion site when the clamp is removed or inactivated. Similarly, the
responsive zone can be contigured to recover to a predetermined or preset length when the

clamp is removed or inactivated.

[0016] In another aspect, embodiments provide a hone fixation device that includes a
machined responsive zone having a hardness value within a range from about 5 HRB to about
60 HRC on the Rockwell B and C ITardness Scales. The responsive zone may include a
nickel titanium alloy. In still another aspect, embodiments provide a method of preparing a
bone fixation system. The method can include providing a bone fixation device having a
responsive zone, inserting a clamp at least partially within an internal lumen of the bone
fixation device, where the internal lumen disposed along an axial length of the bone fixation
device, and inducing, maintaining, controlling, or modulating a strain in the responsive zone
along the axial Tength of the bone fixation device with the clamp. Such methods can also
include threadably engaging an end cap of the clamp with the bone fixation device at an end
cap first section, and threadably engaging the end cap with an internal brace of the clamp at

an end cap second section.

[0017] Tn yet another aspect, embodiments include methods of deploying a bone fixation
device in a patient. Such methods can include, for example, providing a bone fixation device
having a first portion, a second portion, and a responsive zone disposed therebetween, and
inserting a clamp at least partially within an internal lumen of the bone fixation device. The
internal lumen can be disposed along an axial length of the bone fixation device, The method
may also include inducing, maintaining, controlling, or modulating a strain in the responsive
zone along the axial length of the bone fixation device with the clamp, coupling the bone

fixation device with a bone of the paticnt by attaching the first portion of device to a first
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bone location, and attaching the second portion of the device to a second bone location, The
bone typically includes a fracture or fusion site disposed between the first and second bone
locations. The method can further include securing the bone fixation device to an external
brace assembly, removing the clamp from the bone fixation device, and removing the
external brace assembly from the bone fixation device. The bone fixation device can remain
coupled with the patient’s bone, and the responsive zone can be allowed to relax so as to
transmit a compressive force to the fracture or fusion site of the patient’s bone via the bone

fixation device.

[0018] In one aspect, embodiments include methods of processing a shape memory
material for use in a bone fixation device. Methods may include, for example, treating the
shape memory material with a first treatment to fransform the shape memory material from a
first state to a second state, machining the shape memeory material while it is in the second
state, and treating the machined shape memory material with a second treatment to transform
the shape memory material from the second state to the third state. The first trcatment may
include a first heat cycle of at least 5 minutes at a temperature of about 600° C. The first
treatment may also include a second heat cycle of at least 5 minutes at a temperaturc within a
range from between about 200° C to about 550° C. In some embodiments, the first state has a
first hardness value, the second state has a second hardress value, and the first hardness value
is between about 100% and about 5009 of the second hardness valuc. ‘The first state can
have a first shape recovery value, the third statc can have a third shape recovery value, and
the third shape recovery value may be at lcast 95% of the first shape recovery value. In some
cases, the shape memory material includes a shape momeory alloy such as a nickel titantum
alloy, a copper zinc aluminium atloy, or a copper aluminiom nickel alloy, The third state
may have an optimal pscudoelastic property profile for the shape memory material. In some
agpects, the first statc can have a first hardness value, the third state can have a third hardness
valuc, and a difference between the first hardness value and the third hardness value may be
Icss than about 3 HRC on the Rockwell C Hardness Scale. In some cases, the difference may
be less than about 10 ITRC.

[0019] In another aspect, embodiments encompass methods of preparing a bone [ixalion
device. Methods may include providing a hone fixation device comprising a shape memory
material, and machining the shape memory material whilc the tcmperature of the shape

memory material is maintained at or above an austenitic transition temperature. In some
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The dynamic compressive (Urees are stable or generally stable as 1 function of bone surface
resorption at the fracture site, facilitating improved bone healing and reducing non-union
rates. Some bone fixation devices of the present invention will allow for approximately six
percent (6%) relaxation before compressive force loss. In contrast, typical stainless steel or
titanium bone screws lose their compressive forces after about one percent (1%) resorption at

the fracture surface.

[0055] Figs. 1A-2C depict a dynamic compression bone screw 100 according to an
embodiment of the present invention. Bone screw 100 shown in Fig. 1A is further described
in conjunction with Figs, 3A-3F. In a particular embodiment, bone screw 100 is formed from
nickel titaniwm, a shape memory alloy referred to as Nitinol. As shown in Fig. 1B and 1C,
screw 100 1s formed from a Nitinol stock or block, and may be heat treated to produce
desired characteristics. Shape memory alloys, such as Nitinol, exhibit the capacity to recover
relatively large strains (¢.g., about 6%) by the application of heat (shape memory) or by
gradual unloading (pseudo-elasticity). The present invention exploits the large strain capacity
and recovery behavior of shape memory alloys such as Nitinol for bone repair with novel
devices, systems, and methods. In one embodiment, the fixation devices, such as screw 100,
arc machined from a shape memory material such as Nitinol that is thermally treated to
exhibit psendo-elasticity at body temperature. The overall screw geometry, responsive
element geometry, and material heat treatment will be specificd to sustain the necessary

compressive forces as a function of fracture or fusion site conditions.

[0056] The shape memory effect of Nitinol is the temperature-induced transformation
between the malleable martensite (lower temperature) phase and the more rigid austenite
phase (hugher tcmperature) that exhibits the desired pre-set shape. Exploitation of the
thermally driven phase change helps some embodiments of the present invention deliver
desired bone fixation results. The pseudoelastic effect of Nitinol refers to the return (o its
pre-set austenite configuration upon untoading after elastic deformation. The initiation of
superelastic behavior of Nitinol requires the formation of stress induced martensite (SIMV)
from the austenite phase, such as by the application of an external load or stress. Reduction
of the external load or stress induces formalion of the austenite phase and hence its pre-set
configuration. Nitinol is able to accumulate Iarge deflection (strain} at a nearly constant load
(stress). The relatively flat region of the Nitinol Ioad-to-deflection relationship can be used

for some devices of the present invention.
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[6057] Some embediments of the present invention fake advantage of the stress/strain
{(modulus) of NiTi, depicted in Fig. 9A. Such characteristics of NiTi are beneficial in the
development and use of improved total joint implants, for example. This property of NiTi
decreases overall bone to implant interface stresses, resulting in a longer implant lifetime.
Embodiments of the present invention, particularly those using NiTi, help the bone maintain
load, which increases healing and helps smaller implants to maintain the same or similar
stability as larger ones in similar areas of fixation by reducing stress/strain and sheering

forces.

[0038] Formation of SIM phase within a responsive zone of screw 100, or other
osteosynthetic implants and devices, may be achieved prior (o surgical placement or as a
result of surgical placement. For the bone screws 100 depicted in Fig. 1A, the responsive
zone of screw will be designed to initiate SIM formation as a result of the installation
process. This occurs, at least in part, due to the elongaling forces applied to the screw when
the screw is used. Additional details on the regponsive zone are discussed in conjunction

with Figs. 3A-3F,

[0059] One technique for fracture fixation is the placement of a lag screw across the
apposilional ends of a break in the bony cortex. Inserting the screw across the fracture site
helps generate the dynamic force capacity in the screw. As shown in Fig. 2A, bone screw
100 is inserted at an angle relative to a fracture site 210. Serew 100 is rotated to draw the two
bone fragments 220 towards one another, creating a compressive force therebetween. The
rotational torque used to tum screw 100 is translated into axial compression between bone
fragments 220. The result is the proper alignment of bone fragments 220 as shown in Fig,
2B. Screw 100 maintains a compressive force on bone fragments 220 for a much Ionger
period of time than traditional bone screws formed of steel, titaninm, or the like. As a result,
a more fully healed fracture site 210 results (Fig. 2C). During healing and bone absorption,
the force generated by prior-art serews can decrease leaving a less compressive force acting
across the fracture site 210 over time. In contrast, bone screws 100 of the present invention
are a dynamic screw that can maintain higher compression valucs over a longer course of
healing. Advantages of screw 100 includes better promotion of direct bone healing,
reduction in non-union rates in high risk fracture sites, and a reduction in bone implant site
resorption. In some embodiments, at least some of these advantages are achieved by the use
of a shape memory material, such as Nitinol, and its inherently similar stress/strain properties

to those of bone,
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[0060] Fig. 3A-3F depict further details on bone screw 100 according to an embodiment of
the present invention. It will be appreciated by those skilled in the art that Figs. 3A-3F depict
a particular example, and the present invention is not limited to the dimensions and
configurations shown therein. As can best be seen in Figs. 3A, 3D, and 3F, bone screw 100
has a shank portion 110 with a diminished thickness or radius compared to the radius or
thickness of a threaded portion 120 or of a head 130. In this manner, the reduced area of
shank portion 110 allows for a stress concentration to be localized over shank portion 110,
which ailows shank portion 110 to elongate to form a responsive element or zone. In one
embodiment, the elongation of shank portion 110 occurs during the insertion process into the
fractured bone, as depicted in Fig. 2B. By using the responsive element or shank portion 110,
bone screw 100 is able to localize the force causcd by the SIM over the fracture site. The
non-responsive screw portions, such as head 130, stays generally strain-free and contributes

little force to the bone duc to SIM.

[0061] In an alternative embodiment, a hone screw 300 depicted in Fig. 3G has a generally
uniform diamectcr through a shank portion 310. Tn this embodiment, only shank portion 310
is formed of a shape memory material, with threaded end portion 320 comprising a stilfer

region lcss susceptible to clongation.

[0062] Tuming now to Fig. 4, a bone fixation device 400 according to an embodiment of
the present invention will be described. Bone fixation device 400 allows for a longer and
greater sustained compressive force. For example, current bone plates applied to a fractured
surface tend to lose compressive foree within two days to two weeks afler surgery, thus
slowing the healing process. Additional problems with pricr-art plates, such as deflections
and rigidness, also result in a greater chance of refracture and slow healing. In one
embodiment of the present invention, bone fixation device 400 comprises a shape memory
alloy, that may be Nitinol or the like. Fixation device 400 is a dynamic device that can
change over time with the human body inte which it is inserted. In a preferred embodiment,
device 400 comprises Nitinol, due in part to its capacity to recover large strains over time. In
one embadiment, this is accomplished through the creation of device 400 having a responsive
zone seclion 410, In some embodiments, responsive zone 410 has a smaller overall cross-
sectional area than the non-responsive zone(s) of device 400. Responsive zone 410 is used to
localize the elongation of device 400 to that area. In one embodiment, device 400 is
elongated based on the application of a force similar to or the same as the force required to

stabilize the fracture to which device 400 is applied. Device 400 will be elongated based on
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the force required to stabilize the fracture and apply the necessary healing force. After device
400 has been elongated, in one embodiment it is held in an elongated state by an external
clamp or similar structure Lo prevent recovery motion of device 400. After device 400 is
affixed to the fracture site, the clamp, or other retaining mechanism can be removed. Further

details on the use of device 400 are discussed in conjunction with Figs. 7A and 7B.

[0063] Tigs. SA-5I depict various views of device 400 or portions of device 400, according
to particular embodiments of the present invention. Again, the dimensions, including the
lengths, widths, thicknesses and radii of curvaturc, may vary within the scope of the present
invention from those shown in the figures. More specifically, the figures include 2
longitudinal cross-sectional view (Fig. 5C), a top view (Fig. 5B), a bottom view (Tig. 5A), a
side view {Fig. 5F), an cnd view (Fig. 5E), and a clese-up botiom view of expansive zone 410
(Fig. 51), of device 400. I a preferred embodiment, device 400 is coupled to a bone having
a fracture site so that responsive zone 410 is disposed adjacent the fracture site. This

arrangement can be seen in Figs. 6A and 6RB.

[0064] As shown, device 400 has one or more holes 430 disposed on. each side of
responsive zone 410 so that device 400 may be coupled to a fractured bone 600. While Figs.
6A and 6B depict four holes 430 on each side of the fracture site, a greater or lesser number
of'holes 430 may be used within the scope of the present invention. In some embadiments,
holes 430 are adapted to receive a screw or other fixation element to affix device 400 to bone
600. The coupling of device 400 to bone 600 preferably positions responsive zone 410 across
or adjacent a bone fracture site 610. This may involve attaching one end of device 400 to one
bone segment 620 and the second end of device 400 to the opposing bone segment 620. In
some embodiments, the screw or fixation element used to couple device 400 to bone segment
620 comprises a bone screw, which may be made of stainless steel, titanium or the like. In a
particular embodiment, screws or fixation elements used to coupled device 400 to bone 600

comprise a shape memory alloy, such as Nitinol.

[0065] Figs. 7A and 7B depict a bone fixation system 700 according to an embodiment of
the present invention. System 700 includes fixation device 400 as previously described, and
a clamp 710. While Fig. 7A depicts a single example of clamp 710, other clamp types fall
within the scope of the present invention. Further, alternative devices may be used in lieu of
clamp 710, provided the altemative devices are capable of attaching to device 400, and

preferably are capable of holding device 400 in a desired position or elongated state. In
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operation, an elongating force is applied to device 400 to strefch or elongate device 400 to a
prescribed length. As described further below, the application of the prescribed force is
determined at least in part by the necessary force to provide healing effect to the bone to
which device 400 will be applied. Once device 400 is elongated to the desired length, clamp
710 1s used to maintain device 400 in the elongated position. Clamp 710 maintains the
elongated position of device 400 until device 400 is attached to the fractured bone. Once
device 400 is attached to the fractured bone, clamp 710 may be removed from device 400. In
this manner, device 400 is attached to the fractured site and, upon the release of clamp 710,
device 400 provides the desired compressive force through the fractured location. Again, in
some embodiments device 400 coraprises a shape memory material, and in a particular
embodiment comprises Nitinol. Preferably, the application of the compressive force is of
sufficient duration to facililate healing as well as to avoid some or ali of the other problems

associated with prior-art devices constructed of stainless steel, titanium, or similar materials.

[0066] In the depicted embodiment, clamp 710 comprises a main component 712, first and
second device-engaging components 714, and a wedge element 716. In one embodiment,
device-engaging components 714 are disposed so that scrows, lugs, posts or the like 718
extending from components 714 pass at least partially through corresponding holes 430 in
device 400. Main component 712 is then coupled to device-engaging components 714 with
wedge element 716 positioned therebetween. By rotating or depressing a pressure applicator
720, which in one embodiment is a screw, a force is applied to wedge 716. The application
of a force to wedge 716 in the direction shown by arrow 722 causes an outward foree to be
applied to components 714, as shown by arrows 724. As can be seen in Fig. 7A, the force
depicted by arrows 724 results in an elongating force being applied to device 400 through the
use of screws, Iugs, or posts 718. By controlling the physical relationship belween pressure
applicator 720 and components 714, the elongating force to device 400 may be controlled.

The coupled configuration of clamp 700 with device 400 is generally depicted in Fig. 7B.

[0067] In another embodiment, a separate device or system is used to apply the elongating
force to device 400. This may oceur, for example, by pulling on opposing ends of device 400
to ercatc an elongating force similar to that represented by arrows 724, Once device 400 hag
been clongated the desired amount, clamp 710 may be coupled to device 400 in the manner
substantially as described above to hold device 400 in the elongated position. In this
embodiment, pressure applicator 720 is operaled so that the screws, lugs, or posts 718 engage

holes 430 to hold device 400 in its desired elongated state. Again, device 400 is then coupled
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to bone 600, which preferably positions responsive zone 410 across or adjacent bone fracture
site 610. This may involve attaching one end of device 400 to one bone segment 620 and the
second end of device 400 to the opposing bone segment 620, Once device 400 is coupled to

bane 600, clamp 700 is removed.

[0068] The present invention further provides bone fixation rods, nails and the like. In one
embodiment, a bone fixation rod or nail 800 has a first end 810 and a second end 812, with a
middie section 814 disposed therebetween. In one embodiment, some or all of rod 800
comprises a shape memeory alloy, that in a preferred embodiment compriscs Nitinol. For
example, in one embodiment, middle section 814 comprises Nitinol. In this manner, middle
section 814 is a responsive zone having the characteristics as generally described hercin. In
another embodiment, one or both of first end 810 and sccond end 812 comprise Nitinol. In

still another embodiment, the entire rod 800 is Nitinol.

[0069] In one embodiment, rod 800 is a dynamic intramedullary nail. Such a device may
be used, for example, in retrograde tibio-talo-calcaneal fusions. Nail 800 addresses fusion or
fracture site compression problems, as described generally herein in conjunction with prior
embodiments, as well as vascular preservation issucs. For example, rod 800 may provide
dynamic compression across a fusion site in a manner that allows for the use of smaller rods
800, or nails. By having a smaller diameter rod or nail 800 compared to prior art nails of

titanium or the like, this would aid in preserving the endosteal/medullary blood supply.

[0070] Asshown in Fig. 8, rod or nail 800 is inserted into a bone 850. Rod 800 insertion
occurs, in onc cmbodiment, by reaming the bone's medullary canal, and hammering or
otherwise driving nail 800 into place. Nail 800 then may be locked relative to the bone with
one or more interference or locking screws 820. While the embodiment shown in Fig. 8
depicts a single screw 820 near end 810 and two screws 820 near end 812, it will be
appreciated by those skilled in the art that the number of screws 820 may vary within the
scope of the present invention. Furthes, the interference or locking screws 820 may comprise
nails, pins or the like. The dimensions of rod 800 and screws 820, including the lengths,
widths, diameters, and thicknesses, may vary within the scope of the present invention and
may determined, at lcast in part, by the parlicular bone(s) and/or joint(s) into which the

device 1s being inserted or otherwise coupled.

[0071} In some embodimenis, nail or rod 800 is designed to allow for the release of the

responsive element or zone portion thereof, allowing the rod or nail 800 to shorten. This is
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accomplished, at least in part, by having the responsive zone of rod 800 comprise a shape
memory alloy such as Nitinol as described above in conjunction with screw 300. In this
manner, the release of the responsive clement-pertion of nail 800 draws locking screws 820
on opposing sides of the responsive zone closer together. Dynamic compression on bone 850
results. In one embodiment, the responsive zone, which may include ends 810, 812 and/or
middle section 814, is positioned at a desired location(s) within bone 850 or joint 860 to
facilitate bone healing. For example, the responsive zone may be positioned adjacent or
spanning a fracture site within bone 850, may be positioned within a joint 860, or at other

locations at which increased and/or sustained dynamic pressure is desired,

[0072] Bone fixation devices of the present invention, including nails 800, screws 300 and
plates 400, may be inserted with one or morc scts of instrumentation that also are included
within the scope of the present invention. For example, the instrumentation for implantation
may be comprised of screws and plates, hammers or other compression devices, clamps or
other holding devices, torsion dovices such as screwdrivers, torque wrenches or the like for
inserting screws, rods and plates. In one cmbodiment, a torque wrench is provided having a
preloaded setting that allows the surgeon to determine whether the serew 300 pseudo

elasticity has been activated upon insertion at the fracture site.

[0073] Tigs. 2A depicts the stress-strain diagram for living tissues and a nicke] titanium
alloy. Nickel titaninm, and in particular Nitinol, exhibits desirable strain recovery
characteristics. The temperaturc at which Nitinol recovers is known as the (runsformation
temperature (Tt). The fransformation temperature may be determined using various heat
treatments on the material. The material then may demonstrate pseudo elastic (PE) and shape
memory (SM) properties, depending at least in part on the relationship between T, and the
surrounding temperature T, (e.g., atmospheric temaperature, inlernal body temperature, or the
like). The PE state is observed when T, is greater than T,. When the material is stretched
from an applied force, a permanent sirain is observed. When the force is removed, the
material recovers the strain. The SM state occurs when T, is greater than T,. The material is
deformed at above T,, and remains deformed until a temperature is applied which is above T..
Thesc characteristics are uselul for fashioning fixation devices according to some
embodiments of the present invention. Fig. 9B depicts the inventors experimental results

showing the affect of lotal strain on the unloading profile of SIM Nitinol.
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different stress conlribution between the upper vertebrae and lower veriebrae, than a person
with a smaller torso. Other uses of SMAs such as Nitinol also exist for creating actively

responsive elements.

Bone Fixation Systems and Meihods of Use and Manufactare

[0083] In some embodiments, a bone fixation sysiem can include a bone fixation device
having a responsive zone, and a clamp having an end cap and an internal brace, Figs. 11A
and 11B illustrate an end cap 1110 according to ene embodiment of the present invention,
End cap 1110 includes a first section 1112 and a second section 1114, In some embodiments,
an end cap can be designed to couple with or sit at a distal end of an intramedullary nail and
provide additional support to a jig. An end cap can also provide a connection for an internal
brace. In some cases, an end cap can be manufactured from Ti6A1-4V and can have an
internal threaded cavity or other threaded surface. Fig. 12 shows an internal brace 1210
according to one embodiment of the present invention. Internal brace 1210 includes a first
section 1212 and a second section 1214, Typically, end cap 1110 and internal brace 1210 are
configured for adjustable cooperation. For example, end cap first section 1112 and internal
brace first section 1212 can be threadably engaged. In some embodiments, an internal brace
can be designed to sit inside an iniramedullary nail and provide a barrier or impediment to
premature recovery of the nail. An internal brace can be threaded into an end cap, and can be
designed to allow for a guide rod to be inserted inside both the brace and the nail construct.
In some cases, the internal brace is manufactured from Ti6A1-4V and has an internal threaded

cavity or other threaded surface.

[0084] Figs. 13A and 13B show a bone fixation system 1310 according to one embodiment
of the present invention. Bone fixation system 1310 includes a bone fixation device 1320
having a responsive zone 1322, and a clamp 1330 having an end cap 1340 and an internal
brace 1350. Clamp 1330 is disposed partially within an internal lumen of bone fixalion
device 1320, where the internal lumen is disposed along an axial length of bone fixation
device 132(. Clamp 1330 can he adjusted to a first mode, as shown in Fig. 13A, that induces
or maintains a first amount of strain in responsive zone 1322 glong the axial length of bone
fixation device 1320. Similarly, clamp 1330 can be adjusted to a second mode, as shown in
IFig. 13B, that induces or maintains a second amount of strain in responsive zone 1322 along
the axial length of bone fixation device 1320, Often, adjustment to or beiween the first or

second mede involves adjusting the length of clamp 1330, In some cases, the amount of
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strain in the first or second mode can be zero. Clamp 1330 can operate to prevent, inhibit, or
otherwise control or modulate recovery in responsive zone 1322. Clamp 1330 may be
removably coupled with bone fixation device 1320, It is appreciated that the device may be
provided in a packaged state, where the device is held stretched by an end cap and internal

brace,

[0085] Asseenin Figs. 13A and 13B, end cap first section 1342 is adjustably engaged or
coupled with bone fixation device 1320, and end cap second section 1344 is adjustably
engaged or coupled with internal brace first section 1352. Relatedly, end cap first section
1342 can be threadably engaged with bone fixation device 1320, and end cap second section
1344 can be threadably engaged with internal brace first section 1352. In some
embodiments, a central longitudinal axis 1326 defined by an intcrnal lumen of bone fixation
device 1320 can be cellinear with a central longitudinal axis 1356 defined by internal brace
1350. In some embodiments, central longitudinal axis 1326 can be collinear with a central
longitudinal axis 1346 dcfined by end cap 1340. Relatedly, central longitudinal axis 1356
can be collinear with central longitudinal axis 1346. It is appreciated that bone fixation
device can include any of a varicty of osteopathic devices, such as nails, screws, plates, rods,

compression rods, vertcbral and other fixation devices, and the like.

[0086] Responsive zone 1322 can be manufactured or otherwise adupted to have a physical
characteristic similar to human tissuc, such as bone. For example, the physical characteristic
can be a modulus value, for example an clastic modulus value. In some cases, the modulus of
the responsive zone can be within a range from about 10 GPa to about 70 GPa. Responsive
zonc 1322 can include a shape memory material, which may be a shape memory nickel or
copper alloy. The shape memory material may include a nickel fitanium alloy, a copper zinc
alaminum alley, a copper aluminum nickel alloy, and the like. In some embodiments,
responsive zone 1322 is configured to provide a predetermined or presel compressive force
across a bone fracture site when the clamp is removed or inactivated. For example, a
predetermined or preset compressive force may be within a range from about 2kN to about 4
kN for AQ. Itis appreciated that therapeutic loads may lie within, below, or beyond this
range. Relatedly, responsive zone 1322 can be configured to recover to a predetermined or
preset length, for example when clamp 1330 is removed or inactivated so that it no longer
imparts a tension to bone fixation device 1320, In some embodiments, the present invention

provides a bone fixation device that includes a machined responsive zone having a hardness
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value within a range from about 5 HRB to about 60 HRC on the Rockwell B and C Hardness

Scales.

[0087] The present invention also contemplates methiod embodiments for preparing bone
fixation systems. For example, bone fixation system 1310 can be prepared by providing bone
fixation device 1320 having responsive zone 1322, and inserting clamp 1330 at least partially
within an internal lumen of bone fixation device 1320, A strain in responsive zone 1322
along the axial length of bone fixation device 1320 can be induced, maintained, or adjusted
by setting clamp 1330 to the appropriate configuration. In some embodiments, bone fixation
device 1320 is an intramedullary nail manufactured from NiTiNOL using a series of heat
treatnients to reduce the hardness from the bulk material. After the nail is manufactured an
aging ireatment can be supplied to the nail to induce a pseudoelastic response at body
temperature (e.g. about 37° C) from the bulk material. The nail can be designed so that
during an elongation method only the responsive element will stretch. ‘I'his can allow for the
main recovery of resorplion to occur over a bone fracture site. The nail can be designed to
recover iimmediately or quickly upon unloading, thus a clamp or other internal restrain system

can be designed to package and maintain the stretched section of the nail.

[0088] Fig. 14 illustratcs an cxternal fixation device or jig device 1410 that is designed to
maintain the stretched form of a bone fixation device when a clamp is removed therefrom. In
some embodiments, a jig can be designed to maintain a stretched form of an intramedullary
nail when an internal brace is removed therefrom. An external fixation device or jig can also
provide functionality for implantation and locking screw placement. A jig can be preset so
that screw heles of the nail, inside the bone, are aligned with screw holes in the jig, outside
the leg, thus aiding placement of the locking screws through the soft tissues and bones. Fig.
15 shows a restrainer bar 1510 that can be used to fix an end cap relative to a jig and prevent
or inhibit the nail from prematurely traveling up or within the intramedullary cavity. An
intramedullary nail, an internal brace, and an end cap can be designed to slip through a
restrainer bar until a flange of the end cap comes into contacl with the bar. This can lock the
intramedullary nail into place and can help align {he jig inlo place. The jig may be

corligured in any ol a variety of suitable shapes. For example, the jig may have a “U” shape.

[0089] In some embodiments, the present invention provides a method of deploying a bone
fixation device in a patient. The bone fixation device 1610 shown in Fig. 16 is coupled with

a clamp 1615 and includes a first portion 1620, a second portion 1630, and a responsive zone
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1640 disposed therebetween. In some embodiments, this can represent the stretching and
holding of a nail, whereby the nail is held fixed with an internal brace and an end cap. Clamp
1615 is partially disposed within an internal lumen of device 1610, where the internal lumen
is disposed along an axial length of device 1610, Claim 1615 can be configured to induce or

maintain a strain in responsive zone 1640 along the axial length of device 1610.

[0090] In an exemplary procedure, a surgeon performs standard techniques to prepare a
patient’s ankles and subtalar joints for ankle fusion. Fig. 17 depicts an external brace
assembly 1710 that includes a jig 1720 and a restrainer bar 1730, Also shown here, relative
to external brace assembly 1710, is a patient’s lower leg 1740, The external brace assembly
can assisl the surgeon in properly aligning the ankle for surgery. Using a suitably placed
guide wire, a surgeon can ream a hole in the inframedullary cavity to an appropriate size for
an outer diameter of an intramedullary nail. In some embodiments, a jig can be placed over a
patient’s foot or other body part and attach to an intramedullary nail via an end cap at a distal

end of the body part, for examiple at a distal end of the ankle.

[0091] Asshown in Fig, 18, a bone fixation device 1810 can be placed adjacent or inside of
a patient’s bone 1820, and the first portion 1830 of device 1810 can be coupled with the
restrainer bar 1830. In some embodiments, a stretched intramedullary nail construct is
inserted into an intermediary cavity until the construct comes into contact with the restrainer
bar. When contact is made between the construct and the bar, the restrainer bar can be used
to align the nail into the proper position. Fig. 19 shows cross pins 1910 cffoctively coupling
bone fixation device 1920 with a first location 1922 of patient’s bone 1930 and stabilizing
bone 1930 relative to the jig 1940. Cross pins can also be used to similarly fix a sccond
location of the patient’s bone 1o the bone fixation device and may contain a drill tip.
Typically, the bone includes a fracture sitc disposcd between the first and second bone
locations. Bone fixation device 1920 can thereforc be secured relative to jig 1940. In some
embodiments, once an intrameduliary nail is embedded and aligned inside of an intermediary
caunal, the surgeon can drill 2-3 holes {0 place cross pins across a proximal side of the tibia.
The cross pins can be designed to provide a fixation point to transfer a load from an internal
bracc or nail to a jig. As seen in I'ig. 20, once the cross pins are installed, the surgeon can
preload the jig by removing the internal brace 2010 using an appropriate device such as a hex
Allen key drill or hand tool. As the brace is removed the load is transferred through the
intramedullary nail and end cap into the jig. The surgeon can monitor external brace and nail

placement.
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[0092] Asillustrated in Fig. 21, after the internal brace has been removed and the load
iransferred across to the jig, the surgeon can install calcaneal screws 2110 first on the distal
side of the ankle and then the proximal/tibial side locking screws can be placed. Bone screws
can allow the natl to apply compression through the ankle. As seen in Fig. 22A and 22B,
once the screws have been installed on both ends of the intramedullary nail, the end cap 2210
can be slowly loosened or removed using an appropriate tool, such as an Allan key wrench.
The gradual unscrewing of end cap 2210 can transfer the load from the external brace 2220 to
the miramedullary nail and ankle. In some embodiments, multiple screws may be installed
prior to full end cap removal. As depicted in Fig. 23, after the end cap is fully removed, the
cross bars or ping can be removed and replaced with bone screws 2310 to secure the
remaining portion of the nail. Once the end cap is removed, the nail is in a dynamic state and
applies a constant compressive force across the fusion site. A solid ond cap can then be
placed in the nail to secure the distal end, The surgeon can then suture the remaining
incisions and prepare for posi-op. The jig can then be dismantled and removed from the

patient’s foot. The nail is fully loaded and installed.

[0093] The techniques described herein can be uscd at any part of the body where dynamic
axial compressive load is desired. For example, these approaches can be used for treating
fractures in long bones fractures, including humeral, radial, tibial, and femoral fractures.
Advantageously, thcsc techniques provide for reproducible, truc dynamic load, applied from
an internal fixation device. Relatedly, these techniques can be used in opposite applications
to apply a dynamic distraction force across a site. For example, such oppesite applications
can be used in limb lengthening procedures or for large “long hone defect implants™ for
example humeral replacement status post osteosarcoma resection in a non-skeletally mature
patient. These systems and methods can also be used to apply controlled
distraction/compression in increments activated by radio-frequency or magnetic
manipulation. Moreover, the systemns and methods can be used to couple a responsive zone
with an existing or current implant such as a total hip or a total knee, to allow for greater
surgeon margin or error with regard to limb lcrlglli discrepancies status post joint
replacement. In seme embodiments, these techniques allow for adjustments months or years
after an implant has been placed and the patients individual resorptive bone response has
occmred. It is appreciated that these approaches can be implemented in a variety of

controllable compression/distention practices involving an internal implant.
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[0094] Figs. 24A-24H show a prololypical intramedullary pail with exemplary dimensions,
Fig. 25 shows multiple hardness responses achievable from aging of NiTi. Hardness can be
related to machinability of a material. In some embodiments, the softer a material is, the
easier it is to machine. When a shape memory material such as NiTi behaves
pseudoelastically (superelastic) the hardness is at a pealk, Thus, the material can be difficult
to machine. It may be helpful to age the material into a low hardness state, machine it, then

erase the low hardness state and reprogram it to the high hardness state.

[0095] In one embodiment, a method of processing a shape material for use in a bone
fixation device can include treating the shape memory material with a first treatment to
transform the shape memory material from a first state to a second state, machining the shape
memory material while it is in the second state, and treating the machined shape memory
material with a second treatment to transform the shape memory material from the second
state to the third state. Often, the treatments are designed to establish or optimize
pseudoclastic or shape memory characteristics in the material, The first trcatment may
include a first heat cycle of at least 5 minutes, or in some cases of about 5 minutes to about
1.5 hours, at a temperature of about 600° C or above. It is appreciated that depending on the
type of material being processed, the duration and tempcrature may vary. The first treatment
may further include a second heat cycle of at least 3 minutes, or in some embodiments of
about 5 minutes to about 1.5 hours, at a temperature of 300° C, 350° C, 400° C, 450° C, 500°
C, or 550° C, or at a temperature within a range between about 200° C to about 550° C. In
some embodiments, the first state has a first hardness value, the second state has a second
hardness value, and the first hardncss value is between about 100% and about 500% of the
second hardness value. Relatedly, in some cases the first state has a first shape recovery
value, the third state has a third shape recovery value, and the third shape recovery value is at
Ieast 95% of the first shape recovery value. The shape memaory material can include a shape
memory alloy such as a nickel titanium alloy, a copper zinc aluminum alloy, or a copper

aluminum nickel alloy, or any precipitated shape memory alloy.

[0096] The third state can exhibit an optimal pseudoelastic or superelastic property profile
for the shape memory material. Similarly, the third stale may also exhibil an optimal shape
memory state. In some embodiments, the first state can have a first hardness value, the third
state can have a third hardness value, and a difference between the first hurdness value and
the third hardness value can be less than ¢bout 3 HRC on the Rockwell C Hardness Scale. In

some cases, this difference may be less than about 10 HRC.
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A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
Mational Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218{c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hissher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under autherity of 44 U.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, ta the public after either publication of
the application pursuant to 35 U.5.C. 122{b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential viclation of law or regulation.
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Doc Code: PA..

C g PTO/AIASSEE (07-13)
Document Descnptmn' Power of Attomey Appraved far use thraugh 03/31/2021, OMB 08510035

U.5. Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE
tInder the Paperwork Reduciion Act of 1985, no persons are requirad to respond 1o a collection of information unless it displays B valid OMB conirol number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of atiorney given in the application identified in gither the attached transmittal letter or
the boxes below.

Application Number Filing Date

17/323,923 05-18-2021

{Note: The boxes above may be left blank if information is provided on form PTO/AIA/G2A.)

{ hereby appoint the Patent Practitioner(s) associated with the following Customner Number as my/our attorney(s) or agant(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the applicaticn referenced in
the attached transmittal letter {farm PTO/AIA/82A) or identified above:

OR 27776

D | hereby appoint Practitioner(s) named in the attached list {form PTQ/AIA/B2C) ag myfour attorey(s} or agent(s), and to transact
all business In the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A} cor identified above. (Note: Complete form PTO/AIA/B2C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

D The address associated with Customer Number:
OR

D Firm or
Individua! Name
Address

City | State | Zip
Country

Telaphone | Email |

I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Extremity Medical, LLC

I:I Inventor or Joint Inventor (title not required below)}

I:l Legal Representative of a Daceased or Legally Incapacitated Inventor (fitte not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

D Person Who Ctherwise Shows Sufficient Proprietary Interest {(e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concumrently being filed with this dotument) {provide signer’s file if applicant is a juristic entity)

_ SIGNATURE of Applicant for Patent

The undersigned {whose titlgsiz suppl ts authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).
Signature o ——— | Date (Optional) |

Name Matth&w Lyons <

Title CEO ~

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

_DTctal of forms are submitted.

T ———— —

This collection of information s reguired by 37 CFR 1.131, 1.32, and 1.33. The Information is requirad to ottain or retain a benefit by the public which is to file {and by the
USPTO to pracesa) an application. Confidentlality Is governed by 35 U,5.C. 122 and 37 CFR 1.11 and 1.14, This ¢ollection iz sstimated to teke 3 minutes to complata,
insluding gathering, prepaning, end submitting the complated application form lo the USPFTO. Time will vary depending upon the individual case. Any camments on the amount
of time yeu require to complete thls form and/or suggestions for reducing this burden, should be sent to tha Chief information Officer, U.S. Patent and Tradenrark Office, L1.S,
Department of Commerce, P.O. Bex 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.Q. Box 1450, Aloxandria, VA 22313-1450,

If you nead assistance in completing the form, call 1-800-PTO-9189 and selact option 2.

















































U~rrep Statis Parest anp TrabEMARK Orrice

TNITED STATES DEFPARTMENT OF COVIMERCTE
Cnited States Patenl apd Trademark Olfice
Address: COMMISSIONER FOR PATENTS

P Thers 1450

Alexondria. Yirginia 22313 1430

www.u:.[ul.cr.gcr\'

NOTICE OF ALLOWANCE AND FEE(S) DUE

EXAMINER

2796 7500 011242022 | |
Kelley Dryve & Warren LLP HARVEY, JULIANNA NANCY

One Jetferson Road

Parsippany. NI 07054 | ART UNIT PAPER NUMEER |

3773

DATE MAITLED: (M/12/2022

APPLICATION NCL FILING DA FLRS'T NAMEL INVENTOR ATTORNEY DOCKIL NOL CONFIRMATION NO.

17/323.923 05/1842021 Jetf Tyber 024664-0102 5684

TITLE OF INVENTION: INTRAQSSEOQOUS INTRAMEDULLARY FIXATION ASSEMBLY AND METHOD OF USE

APPLN.TYPI ENTITY STATLS ISSUL L DU PUBLICATION FEL UL | PREY. FALID ISSUT LR TOUAL FLEES DK AT

NONPTCYisional SMATLL Sa00 000 0,00 S600 0471202022

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY TIIE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

TIIE ISSUE FEE AND PUBLICATION FEE (TF REQUIRED) MUST BE PAID WITITIN TIIREE MONTIIS FROM TIIE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED AROVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

IIOW TO REPLY TO TIIIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

It the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEL(S) TRANSMITTAL, complete section number 3 titled
"Change in Entity Status (from status indicated above)”.

[‘or purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL. or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). It you are charging the fee(s) to your deposit account, secticn "4b”
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed. a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

II1. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDIZR: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee’s responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form. together with applicable fee(s), by mail or fux, or via LI§5-Web.

By mail. send to:  Mail Stop ISSUL LI By fax, send to:  (571)-273-2883
Commissioner for Patents
P.Q). Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should he used for transmiling the TISSUE FEE and PUBLICATION FEE (il required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance foes will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspendence address, and/or (b) indicating a scparate "IELE ADDRLESS" for maintenance foe notifications.
Nee: A certificate of mailing can only be used (or domestic mailings of the
CURRENT CORRTSPONDIENCE ADTIRESS ¢ite: e Tk | T any change of address) Fee) Transmillal. This certificate camnol be used for any other accompanying
- papers. LBach additional paper. such as an assignment or tormal drawing. must
have its own certificate of mailing or ransmission.

AT TS0 1200 Certificale of Mailing or Transmission
KB“By DF}'B & Warren LLP T herehy certily that this Fee{s) Transmiltal is being deposited with the Uniled
States Postal Serviee with sufticlent postage for first class mail in an envelope
One lefferson Road addressed 1w the Mail Stop ISSUR FEE address above, or being (ransmitied 1o
Parsippanv, NI 07054 the TSPTO via FFS-Weh or by (acsimile wo (5713 273-2885, on the date below.

(Tl or prrinded neine )

(Signaiure)

(M)

| APPLICATION NO. | FILIXG DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET XO. | CONFIRMATION X0, |
17/323.923 05/18/2021 JelT Tyber 0246640102 5684
TITLE QU INVENTION: INTRAOSSEOUS INTRAMEDULLARY FIXATION ASSUMBLY AND METHOD OF USL
| APFLN. TYFE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID [SSUE EEE | TOTAL FEE(S) DUE | DATEDUE |
nonprovisienal SMALL S600 $0.00 $0.00 S600 0441242022
| LEXAMINER | ART LN | CLASS-SUHCILASS |
HARVLY. JULIANNA NANCY 3773 606062000
1. Change ol cormespondence address or mdication of "Fee Address” (37 2. For pninung on the patent front page, list
CIR 1.363. {1) The names of up to 3 registered patent attorneys
or apents OR. alternatively, 1

1] Change of correspondence address {or Change of Correspondence

¥ R Tl d el g R
Address form PTO/ATA/ 22 or PTOSBA22) attached. (2) The name of  single firm (having as a member 1

registered atlorney or agent) and the names of up o 2
2 repistered patent atterney's or agents. If ne name is
listed, no name will be printed.

| "Fee Address” indication {or "l'ce Address” Indication form PTO/
ATAMT or PTO/SBMT, Rev 03-02 or more recent) allached. Use ol a
Customer Number is required.

- ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print o Lype)

[e]

PLLEASLE NOTL: Unlcss an assighee is identificd below, no assignes data will appear on the patent. 1 an assignec is identificd below, the decument must have been previously
recorded, or filed lor recordation, as set forth in 37 CFR 317 and 37 CFR 3.81(a). Completion of this form is NOT a subsiatute Gor [iling an assignment.

{A)NAME OF ASSIGNEE {B1 RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriale assignes category or calegomes (will nol be printed on the patent) - A mndividual Corporaticn or olther private group enlily A Government

4a. 'ees submitted: lssue Lce Publication e {if required) Jadvance Order - # of Capics

4h. Mcthed of Paymoent: ( Please firsi reapply any previously paid fee sfiown above)
I Lleetronie Paynient via LI'S-Web | Lnclosed check | Non-clectronic payment by eredit card (Attach form PTO-2038)

|1 The Director is hereby authorized to charge the required foe(s). any deficicney. or credit any overpayment to Deposit Account No.

5. Change in Entity Statug {from status indicated above)

NOTL: Ahsent a valid certification of Micro Lntity Status {sec forms PTO/SIE/ISA and 1583, issue
fee payment in the micre catity amount will not be accepted at the risk of application abandonment,
NOTE: I1 the application was previously under micto entity status, checking this box will be taken
to be a notification of loss of catitlenicnt to micro cotity status,

NOTL: Checking this hox will be taken to be a notification of loss of entitlement to small or micro
enlily status, as applicable.

a Applicant cerlifying micto enlily status. See 37 CFR 1.29

a Apphicant asserting small entily stalus. See 37 CFR 1.27

1] Applicant changing to regular undiscounted foe status,

NOTE: This fomm must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 (o1 signalure reguirements and cettiificanons.

Authorized Signature Date

Typed or prnted narme Registration No.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval helore requesting most types of information [rom the public. When OMB approves an agency request 1o
collect information from the public. OMB (i) provides a valid OMB Control Number and expiration date for the
agency Lo display on the instrument that will be used to colleet the information and (ii) requires the ageney Lo inform
the public about the OMB Control Number’s legal significance in accordance with 5 CER 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to oblain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 US.C. 122 and 37 CFR 1.14. This collection is estimated Lo take 30 minutes 1o complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require o complete this form and/or suggestions
tor reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
.5, Department ol Commeree, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Comumissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act ol 1995, no persons are required Lo respond 1o a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission ol the attached Torm related 1o a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.5.C. 2(b)
{2): {2) lurnishing ol the information solicited s voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. Tl you do not furnish the requested information, the U.S. Patent and Trademark Olfice may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
ol the application or expiration of the patent.

The information provided by you in this form will be subject (o the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (3 U.S.C. 532) and the Privacy Act (3 U.8.C 552a). Records (rom this system ol records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom ol Tnlormaltion Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
1o a courl, magistrate, or administrative (ribunal, including disclosures 10 opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, 0 a Member ol Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
{(rom the Member with respect Lo the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need lor the information in order Lo perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursvant to 5 U.S.C. 552a(m).

3. A record related to an International Application liled under the Patent Cooperation Treaty in this system ol
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant (o the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Sceurity review (35 U.8.C. 181) and {or review pursuant 1o the Atomic Encrgy Act (42 T1.5.C. 218(¢)).

7. Arceord (rom this system ol records may be disclosed, as a routine use, W the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority ol 44 11.5.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records lor this purpose, and any other relevant (i.c., GSA or Commerce) ditective. Such disclosure shall
not be used to make determinations about individuals.

8. A rccord [rom this system ol records may be disclosed, as a routine use, 1o the public after cither publication of
the application pursuant to 35 U.S8.C. 122(b) or issvance of a patent pursuant to 35 U.S.C. 151. Further, a record
may he disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, (o the public il the record was [iled
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by cither a published application, an application open o public inspection or an issucd patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enlorcement ageney, il the USPTO becomes aware ol a violation or polential violation of law or regulation.



Application No. Applicant(s)
. . 174323923 Tyber et al.
Notice of Allowability Examiner Art Unit AlA (FITF) Status
JULIANNA N HARVEY 3773 No

-~ The MAILING DA TE of this communication appears on the cover sheef with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS {OR REMAINS) CLOSED in this application. If not ingluded
herewith {or previously mailed), a Notice of Allowance (PTOL-85} or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWARBILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.l#] This communication is responsive to the response filed on August 13, 2021.
[ A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on

2.[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3.0 The allowed claim(s) is/are 1-15 . As a result of the allowed claim(s}. you may be eligible to benefit from the Patent Prosecution
Highway program at a paiticipating intellectual property office for the corresponding application. For more information, please see
hitp://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d} or (f).

Certified copies:
a)y CJAI b} (J Some* ¢} (J None of the:
1. J Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2{a}).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communicaticn to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD 1S NOT EXTENDABLE.

5[] CORRECTED DRAWINGS (as "replacement shests") must be submitted.

] including changes required by the attached Examiner's Amendment / Commeant or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number {see 37 CFR 1.84(c)) should be written on the drawings in the front {not the back) of each
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d).

6.[_] DEPOSIT OF and/or INFORMATIQON about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOQLOGICAL MATERIAL.

Attachment(s)

1.00 Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.[J Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.] Examiner's Comment Regarding Requirement for Deposit 7. 3 Other .

of Biological Material .
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

{JULIANNA N HARVEY/
Primary Examiner, Art Unit 3773

.5, Patent and Trademark Office )
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220104







































PART B - FEE(S) TRANSMITTAL
Complete and send this form. together with applicable fee(s), by mail or fux, or via LI§5-Web.

By mail. send to:  Mail Stop ISSUL LI By fax, send to:  (571)-273-2883
Commissioner for Patents
P.Q). Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should he used for transmiling the TISSUE FEE and PUBLICATION FEE (il required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance foes will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspendence address, and/or (b) indicating a scparate "IELE ADDRLESS" for maintenance foe notifications.
Nee: A certificate of mailing can only be used (or domestic mailings of the
CURRENT CORRTSPONDIENCE ADTIRESS ¢ite: e Tk | T any change of address) Fee) Transmillal. This certificate camnol be used for any other accompanying
- papers. LBach additional paper. such as an assignment or tormal drawing. must
have its own certificate of mailing or ransmission.

AT TS0 1200 Certificale of Mailing or Transmission
KB“By DF}'B & Warren LLP T herehy certily that this Fee{s) Transmiltal is being deposited with the Uniled
States Postal Serviee with sufticlent postage for first class mail in an envelope
One lefferson Road addressed 1w the Mail Stop ISSUR FEE address above, or being (ransmitied 1o
Parsippanv, NI 07054 the TSPTO via FFS-Weh or by (acsimile wo (5713 273-2885, on the date below.

(Tl or prrinded neine )

(Signaiure)

(M)
| APPLICATION NO. | FILIXG DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET XO. | CONFIRMATION X0, |
17/323.923 05/18/2021 JelT Tyber 0246640102 5684
TITLE QU INVENTION: INTRAOSSEOUS INTRAMEDULLARY FIXATION ASSUMBLY AND METHOD OF USL
| APFLN. TYFE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID [SSUE EEE | TOTAL FEE(S) DUE | DATEDUE |
nonprovisienal SMALL S600 $0.00 $0.00 S600 0441242022
| LEXAMINER | ART LN | CLASS-SUHCILASS |
HARVLY. JULIANNA NANCY 3773 606062000
1. Change ol cormespondence address or mdication of "Fee Address” (37 2. For pninung on the patent front page, list
CIR 1.363. {1) The nantes of up to 3 {cgistcrcd pateat attorneys Kelley Drye & Warren LLP
or agents OR. alternatively, 1

1] Change of correspondence address {or Change of Correspondence

¥ R Tl d el g R
Address form PTO/ATA/ 22 or PTOSBA22) attached. (2) The name of  single firm (having as a member 1

registered atlorney or agent) and the names of up o 2
2 repistered patent atterney's or agents. If ne name is
listed, no name will be printed.

| "Fee Address” indication {or "l'ce Address” Indication form PTO/
ATAMT or PTO/SBMT, Rev 03-02 or more recent) allached. Use ol a
Customer Number is required.

- ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print o Lype)

[e]

PLLEASLE NOTL: Unlcss an assighee is identificd below, no assignes data will appear on the patent. 1 an assignec is identificd below, the decument must have been previously
recorded, or filed lor recordation, as set forth in 37 CFR 317 and 37 CFR 3.81(a). Completion of this form is NOT a subsiatute Gor [iling an assignment.

{A1NAME OF ASSIGNEE {B1 RESIDENCE: (CITY and STATE OR COUNTRY)
Extremity Medical LLC Parsippany, NJ

Please check the appropriale assignes category or calegomes (will nol be printed on the patent) - A mndividuat X Corporaticn or olther private group enlily A Government

4a. 'ees submitted: Kissuc Lee Publication e {if required) Jadvance Order - # of Capics

4h. Mcthed of Paymoent: ( Please firsi reapply any previously paid fee sfiown above)
|ZI Llectronic Paynient via LI'S-Web | Lnclosed check | Non-clectronic payment by eredit card (Attach form PTO-2038)

|1 The Director is hereby authorized to charge the required foe(s). any deficicney. or credit any overpayment to Deposit Account No.

5. Change in Entity Statug {from status indicated above)

NOTL: Ahsent a valid certification of Micro Lntity Status {sec forms PTO/SIE/ISA and 1583, issue
fee payment in the micre catity amount will not be accepted at the risk of application abandonment,
NOTE: I1 the application was previously under micto entity status, checking this box will be taken
to be a notification of loss of catitlenicnt to micro cotity status,

NOTL: Checking this hox will be taken to be a notification of loss of entitlement to small or micro
enlily status, as applicable.

a Applicant cerlifying micto enlily status. See 37 CFR 1.29

a Apphicant asserting small entily stalus. See 37 CFR 1.27

1] Applicant changing to regular undiscounted foe status,

NOTE: This fomm must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 (o1 signalure reguirements and cettiificanons.

Authorized Signature /David G. Lindenbaum/ Date 1/19/2022

Typed or prnted narme David G. Lindenbaum Registration No. 51951
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