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1
ROTATABLE INTERVERTEBRAL SPACING
IMPLANT

BACKGROUND
Field of the Disclosure

The disclosure relates generally to a rotatable interverte-
bral spacing implant.

Description of the Related Art

Intervertebral disc implants can be designed to be inserted
between two consecutive vertebrae to maintain a given
distance therebetween. This can restore stability to the spinal
column, e.g., after a failure of the corresponding vertebrae.

SUMMARY

Innovative aspects of the subject matter described in this
specification may be embodied in an intervertebral spacing
implant, including a seat having an interior surface and an
exterior surface opposite the interior surface; a plurality of
branches having an anterior end and a posterior end opposite
the anterior end, the anterior end of the plurality of branches
coupled to the seat and extending in a direction away from
the seat, each of the plurality of branches having an interior
surface and an exterior surface opposite the interior surface,
the seat and the branches forming a cage, the exterior surface
of the seat and the exterior surface of the plurality of
branches defining an internal volume of the cage, the cage
including a plurality of fenestrations; and a spacer config-
ured to fit within the cage and move in the direction away
from the seat and toward the posterior end of the plurality of
branches upon the urging of a spacer-advancing instrument,
the spacer and the cage configured such that one or more of
the plurality of branches will move from an unexpanded
position to an expanded position when the spacer is urged in
the direction away from the seat, wherein the spacer and the
cage are configured such that when the one or more branches
are moved from the unexpanded position to the expanded
position, a cross section of the posterior end of the plurality
of branches expands greater in a first dimension than in a
second dimension, the second dimension being transverse to
the first dimension, and wherein the intervertebral spacing
implant is configured to be implanted in either of at least two
states such that 1) in a first state, at least one of said plurality
of fenestrations is proximate to an end plate of a vertebrae,
and ii) in a second state, the intervertebral spacing implant
is rotated relative to the first state about an axis extending
from the seat in the direction away from the seat such that
the at least one of said plurality of fenestrations is located in
an intervertebral space between end plates of adjacent
vertebrae.

These and other embodiments may each optionally
include one or more of the following features. For instance,
wherein i) in the first state, a second fenestration of the
plurality of fenestrations is located in the intervertebral
space between the end plates of the adjacent vertebrae, and
i1) in the second state, the second fenestration of the plurality
of fenestrations is proximate to the end plate of the verte-
brae. Wherein 1) in the first state, the at least one of said
plurality of fenestrations is approximately along a parasag-
ittal plane, and ii) in a second state, the at least one of said
plurality of fenestrations is approximately along a transverse
plane. Wherein i) in the first state, a first pair of fenestrations
are proximate to respective opposing vertebrae, and ii) in a
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2

second state, the first pair of fenestrations are between the
opposing vertebrae, the first pair of fenestrations including
the at least one fenestration of said plurality of fenestrations.
The spacer includes one or more tabs coupled to the spacer
and extending from the spacer in the direction away from the
axis that extends in the direction away from the seat, and
wherein the one or more tabs, when the one or more
branches are in the expanded position, extend at least
partially into an area along said one or more branches, said
area being further circumscribed by a branch thickness and
a branch spacing, said branch thickness being a distance
between the interior and exterior surfaces of at least one of
said branches and said branch spacing being a distance
between at least two adjacent branches. The spacer further
includes one or more retaining members coupled to the
spacer and extending from the spacer in the direction away
from the axis that extends in the direction away from the
seat, the retaining members configured such that they are
angled toward the seat. The retaining members are config-
ured to extend outside the internal volume when the one or
more branches are in the expanded position. The retaining
members are configured not to extend outside the internal
volume when the one or more branches are in the unex-
panded position. The intervertebral spacing implant is con-
figured to allow a fastener to extend through an orifice in the
seat, through a portion of the interior volume of the cage,
and at least partially outside the interior volume through a
fenestration when the one or more branches are in the
expanded position. Further comprising a first and a second
shoulder configured to removably receive the spacer, each
formed on the interior surface of one or more of the plurality
of branches, the second shoulder adapted to removably
receive the spacer to maintain the plurality of branches in the
expanded position, and the first shoulder adapted to remov-
ably receive the spacer to maintain the plurality of branches
in a partially-expanded position. The plurality of branches
are configured such that a circumference defined by a
posterior end of said intervertebral spacing implant in the
unexpanded position is smaller than a circumference defined
by the posterior end of said intervertebral spacing implant in
the expanded position. Wherein in the expanded position, a
first circumference of the seat is greater than a second
circumference of a posterior end of said intervertebral
spacing implant. Wherein the seat is configured to be
proximate to an anterior portion of a lumbar vertebrae, and
a posterior end of the intervertebral spacing implant is
configured to be proximate to a posterior portion of the
lumbar vertebrae.

Innovative aspects of the subject matter described in this
specification may be embodied in an intervertebral spacing
implant, including an intervertebral spacing implant system,
including a seat having an interior surface and an exterior
surface opposite the interior surface; a plurality of branches
having a posterior end and an anterior end opposite the
posterior end, the anterior end of the plurality of branches
coupled to the seat and extending in a direction away from
the seat, each of the plurality of branches having an interior
surface and an exterior surface opposite the interior surface,
the seat and the branches forming a cage, the exterior surface
of the seat and the exterior surface of the plurality of
branches defining an internal volume of the cage, the cage
including a plurality of fenestrations; and a spacer config-
ured to fit within the cage and move in the direction away
from the seat and toward the posterior end of the plurality of
branches upon the urging of a spacer-advancing instrument,
the spacer and the cage configured such that one or more of
the plurality of branches will move from an unexpanded



US 11,219,531 B2

3

position to an expanded position when the spacer is urged in
the direction away from the seat, wherein the spacer and the
cage are configured such that when the one or more branches
are moved from the unexpanded position to the expanded
position, a cross section of the posterior end of the plurality
of branches expands greater in a first dimension than in a
second dimension, the second dimension being transverse to
the first dimension, and wherein said fenestrations are con-
figured such that, when the one or more branches are in the
expanded position, dimensions of each of at least four of the
fenestrations are greater than a minimum surface area.

These and other embodiments may each optionally
include one or more of the following features. For instance,
wherein the fenestrations are further configured such that,
when the one or more branches are in the expanded position,
the surface area of each of the at least four of the fenestra-
tions is substantially the same. Wherein the exterior surface
of the seat includes a first and a second pair of surfaces, the
first pair of surfaces positioned orthogonal to the second pair
of surfaces about the exterior surface of the seat, wherein the
first and the second pair of surfaces are configured to engage
end plates of opposing vertebrae. Wherein the spacer
includes one or more tabs coupled to the spacer and extend-
ing from the spacer in the direction away from an axis that
extends in a direction away from the seat, and wherein the
one or more tabs, when the one or more branches are in the
expanded position, extend at least partially into an area
along said one or more branches, said area being further
circumscribed by a branch thickness and a branch spacing,
said branch thickness being a distance between the interior
and exterior surfaces of at least one of said branches and said
branch spacing being a distance between at least two adja-
cent branches. Wherein the exterior surface of the seat
includes a first and a second pair of surfaces, the first pair of
surfaces positioned orthogonal to the second pair of surfaces
about the exterior surface of the seat, wherein the first and
the second pair of surfaces are configured to engage end
plates of opposing vertebrae, and wherein the spacer
includes one or more tabs coupled to the spacer and extend-
ing from the spacer in the direction away from the axis that
extends in the direction away from the seat, and wherein the
one or more tabs, when the one or more branches are in the
expanded position, extend at least partially into an area
along said one or more branches, said area being further
circumscribed by a branch thickness and a branch spacing,
said branch thickness being a distance between the interior
and exterior surfaces of at least one of said branches and said
branch spacing being a distance between at least two adja-
cent branches. Wherein the spacer further includes one or
more retaining members coupled to the spacer and extending
from the spacer in the direction away from the axis that
extends in the direction away from the seat, the retaining
members configured such that they are angled toward the
seat. Wherein the retaining members are configured to
extend outside the internal volume when the one or more
branches are in the expanded position.

The details of one or more embodiments of the subject
matter described in this specification are set forth in the
accompanying drawings and the description below. Other
potential features, aspects, and advantages of the subject
matter will become apparent from the description, the draw-
ings, and the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a side-perspective view of an implant in
an unexpanded position.
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FIG. 2 illustrates a cross-sectional view of the implant in
the unexpanded position.

FIG. 3 illustrates a back-perspective view of the implant
in the unexpanded position.

FIG. 4 illustrates a perspective view of the implant in an
expanded position.

FIG. 5 illustrates a cross-sectional view of the implant in
the expanded position.

FIG. 6 illustrates a front view of the implant in the
unexpanded position.

FIG. 7 illustrates a front view of the implant in the
expanded position.

FIG. 8 illustrates a biological view of the implant in a first
state.

FIG. 9 illustrates a biological view of the implant in a
second state.

FIG. 10 illustrates a side view of the implant in the
unexpanded position.

FIG. 11 illustrates a side view of the implant in the
expanded position.

FIG. 12 illustrates a perspective view of the implant
including a fastener.

FIG. 13 illustrates a cross-sectional view of the implant
including shoulders.

FIG. 14 illustrates a perspective view of the implant
positioned between opposing vertebrae.

FIG. 15A illustrates a back view of the implant in a first
position.

FIG. 15B illustrates a side view of the implant in the first
position.

FIG. 16 A illustrates a back view of'the implant in a second
position.

FIG. 16B illustrates a side view of the implant in the
second position.

DESCRIPTION OF PARTICULAR
EMBODIMENT(S)

This document describes an intervertebral spacing
implant. Specifically, this document describes the implant
including a seat having an interior surface and an exterior
surface opposite the interior surface; a plurality of branches
having an anterior end and a posterior end opposite the
anterior end, the anterior end of the plurality of branches
coupled to the seat and extending in a direction away from
the seat, each of the plurality of branches having an interior
surface and an exterior surface opposite the interior surface,
the seat and the branches forming a cage, the exterior surface
of the seat and the exterior surface of the plurality of
branches defining an internal volume of the cage, the cage
including a plurality of fenestrations; and a spacer config-
ured to fit within the cage and move in the direction away
from the seat and toward the posterior end of the plurality of
branches upon the urging of a spacer-advancing instrument,
the spacer and the cage configured such that one or more of
the plurality of branches will move from an unexpanded
position to an expanded position when the spacer is urged in
the direction away from the seat, wherein the spacer and the
cage are configured such that when the one or more branches
are moved from the unexpanded position to the expanded
position, a cross section of the posterior end of the plurality
of branches expands greater in a first dimension than in a
second dimension, the second dimension being transverse to
the first dimension, and wherein the intervertebral spacing
implant is configured to be implanted in either of at least two
states such that 1) in a first state, at least one of said plurality
of fenestrations is proximate to an end plate of a vertebrae,
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and ii) in a second state, the intervertebral spacing implant
is rotated relative to the first state about an axis extending
from the seat in the direction away from the seat such that
the at least one of said plurality of fenestrations is located in
an intervertebral space between end plates of adjacent
vertebrae.

Referring to FIGS. 1-3, FIG. 1-3 illustrate an interverbal
spacing implant 100. Specifically, FIG. 1 illustrates a side-
perspective view of the implant 100 in an unexpanded
position, FIG. 2 illustrates a cross-sectional view of the
implant 100 in the unexpanded position, and FIG. 3 illus-
trates a back-perspective view of the implant 100 in the
unexpanded position. The implant 100 includes a seat 102
including an interior surface 104 and an exterior surface 106
opposite of the interior surface 104. The seat 102 can include
an orifice 108 that includes a threaded profile. The exterior
surface 106 of the seat 102 can further include surfaces
140a, 1405, 140¢, 1404 (collectively referred to as surfaces
140; shown in more detail in FIG. 6). The surface 140a can
be positioned opposite to the surface 140¢; and the surface
1404 can be positioned opposite to the surface 1404d. A first
pair of the surfaces 140a, 140c¢ can be positioned orthogonal
to a second pair of the surfaces 1405, 1404 about the exterior
surface 106 of the seat 102. In some examples, the surface
140a is substantially parallel to the surface 140c; and the
surface 1405 is substantially parallel to the surface 140d.

The implant 100 can further include branches 110a, 1105,
110c¢, 1104 (collectively referred to as branches 110). As
illustrated, the implant 100 includes four branches 110;
however, the implant 100 can include any number of
branches 110 depending on the application desired (e.g.,
two, three, four, eight, or more branches). Each of the
branches 110 can have an anterior end 112 and a posterior
end 114 that is opposite the anterior end 112. The anterior
end 112 of each of the branches 110 is coupled to the seat
102, and extends in a direction away from the seat 102. Each
of the branches 110 has an interior surface 116 and an
exterior surface 118 opposite to the interior surface 116. In
some examples, at least a portion of the exterior surface 118
can include threads or a thread profile having projecting
ridges. In some examples, at least a portion of the exterior
surface 118 are knurled or grooved.

The seat 102 and the branches 110 form a cage 120. When
seat 102 is coupled to branches 110, the exterior surface 106
of the seat 102 and the exterior surfaces 118 of the branches
110 define an internal volume of the cage 120. In some
examples, the cage 120, when in an unexpanded position, is
of a general shape that is tapered cylindrical or quasi-
cylindrical.

The cage 120 can further include fenestrations 122. As
illustrated, the cage 120 includes four fenestrations; how-
ever, the cage 120 can include any number of fenestrations
depending on the application desired (e.g., one, two, three,
four, eight, or more fenestrations). As shown in more detail
in FIG. 6, the fenestrations can include a first fenestration
122a positioned between branches 110a and 1105; a second
fenestration 1224 positioned between branches 1106 and
110c¢; a third fenestration 122¢ positioned between branches
110c¢ and 110d; and a fourth fenestration 122 positioned
between branches 1104 and 110a (collectively referred to as
fenestrations 122). The first fenestration 122a and the third
fenestration 122¢ are positioned opposite one another, and
form a first pair of fenestrations 122. The second fenestra-
tion 1225 and the fourth fenestration 1224 are positioned
opposite one another, and form a second pair of fenestrations
122.
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In some examples, the fenestrations 122 improve fusion
of bone graft material that can be placed inside the internal
volume of the cage 120. In some examples, the fenestrations
122 can facilitate deformation of the branches 110 during
installation and/or expansion of the implant 100 between
vertebrae, described further herein. The fenestrations 122
can be oblong in shape with their ends that are proximate to
the posterior end 114 of the branches 110 being narrower as
compared to their ends that are proximate to the anterior end
112 of the branches 110. However, the fenestrations 122 can
have any shape depending on the application desired. In
some examples, the fenestrations 122 can include slits 124
at the posterior end 114 of the branches 110.

In some examples, the seat 102 can include a plug 126 that
is removably coupled to the orifice 108. The plug 126 may,
for example, serve as an anchor point for an implant-
installing instrument. In some examples, the plug 126 can
substantially fill the orifice 108 of the seat 102 after implan-
tation of the implant 100 and/or after the branches 110 are
expanded, described further herein. The plug 126 can further
provide structural support to the cage 120, and further,
minimize or prevent bone matter that is placed inside the
cage 120 from egressing from the cage 120 through the seat
102. In some examples, the orifice 108 of the seat 102 can
further be configured to receive bone graft matter.

Referring to FIGS. 4 and 5, FIG. 4 illustrates a perspective
view of the implant 100 in an expanded position; and FIG.
5 illustrates a cross-sectional view of the implant 100 in an
expanded position. Specifically, the implant 100 can further
include a spacer 130. The spacer 130 is configured to fit
within the cage 120 and move in the direction away from the
seat 102 and toward the posterior end 114 of the branches
110 upon the urging of a spacer-advancing instrument (not
shown). The spacer 130 and the cage 120 are configured
such that one or more of the branches 110 will move from
an unexpanded position (as show in FIGS. 1, 2, 3) to an
expanded position (as shown in FIGS. 4 and 5) when the
spacer 130 is urged in the direction away from the seat 102.
Specifically, as the spacer 130 is urged in the direction away
from the seat 102 (and towards the posterior end 114 of the
branches 110), the spacer 130 advances along the interior
surfaces 116 of the branches 110, thereby spreading apart
one or more of the branches 110. In the illustrated example,
the spacer 130 spreads each of the branches 110. In some
examples, spreading of the branches 110 can change the
shape of the cage 120 towards a truncated cone. Once the
spacer 130 is positioned at a final position within the cage
120, the spacer 130 remains inside the cage 120. In some
examples, the spacer 130 includes threads to facilitate
advancement within the cage 120 towards the posterior end
114 of the branches 110. In some examples, the spacer 130
can include features configured to contribute to the structural
support of the implant 100. Additionally, the spacer 130 is
positioned within the implant 100 so that a first end 131 is
located towards the anterior end 112 of the implant 100 and
a second end 131' is located towards the posterior end 114
of the implant 100.

Referring to FIGS. 6 and 7, FIG. 6 illustrates a front view
of the implant 100 in an unexpanded position; and FIG. 7
illustrates the implant 100 in an expanded position. Specifi-
cally, in some implementations, the spacer 130 and the cage
120 are configured such that when the branches 110 are
moved from the unexpanded position (as show in FIGS. 1,
2, 3) to the expanded position (as shown in FIGS. 4, 5), a
cross section of the posterior end 114 of the branches 110
expands greater in a first dimension D1 than in a second
dimension D2, the second dimension D2 being transverse to
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the first dimension D1. Specifically, the expansion between
the posterior end 114 of branches 110a and 1105 (as well as
between the posterior end 114 of branches 110¢ and 1104) is
greater than the expansion between the posterior end 114 of
branches 110a and 1104 (as well as between the posterior
end 114 of branches 1105 and 110¢). In some examples, the
expansion between the branches 110a and 11056 and between
the branches 110c¢ and 1104 along the first dimension D1 is
substantially the same. In some examples, the expansion
between the branches 110a and 1104 and between the
branches 1105 and 110c¢ along the second dimension D2 is
substantially the same.

Referring to FIGS. 8 and 9, FIG. 8 illustrates the implant
100 in a first state; and FIG. 9 illustrates the implant 100 in
a second state. Specifically, the implant 100 can be config-
ured to be implanted in either of at least two states. Spe-
cifically, as shown in FIG. 8, in a first state, the first
fenestration 122a is proximate to an end plate 200a of a
vertebrae 202a. In some examples, in the first state, the third
fenestration 122¢ is proximate to an end plate 2005 of a
vertebrae 2025 that is opposing the vertebrae 202a. Addi-
tionally, in the first state, the second fenestration 1225 is
located in an intervertebral space between the end plates
200a, 2005 (collectively referred to as end plates 200) of
adjacent vertebrae 202a, 2025 (collectively referred to as
vertebrae 202). Similarly, in the second state, the fourth
fenestration 122d is also located in the intervertebral space
between the end plates 200 of the vertebrae 202. In other
words, in the first state, the first pair of fenestrations 122a,
122¢ are proximate to opposing vertebrae 202. In the first
state, the implant 100 at the posterior end 114 of the
branches 110 can have a first thickness T1, e.g., the thickness
T1 determining the distance between the end plates 200a,
2005 at the posterior end 114. In some examples, the first
thickness T1 is based in part on the geometry of the interior
surface 116 of branches 110 and/or the dimensions of the
fenestrations 1225, 122d.

Furthermore, as shown in FIG. 9, in a second state, the
implant 100 is rotated (e.g., 90 degrees) relative to the first
state about an axis extending from the seat 102 in the
direction away from the seat 102 such that the first fenes-
tration 122a is located in an intervertebral space between the
end plates 200a, 2005 of adjacent vertebrae 2024, 2025. In
some examples, in the second state, the third fenestration
122¢ is also located in the intervertebral space between the
end plates 200a, 2005 of the adjacent vertebrae 202a, 2025.
In some examples, in the second state, the second fenestra-
tion 1225 is proximate to the end plate 200a of the vertebrae
202, and the fourth fenestration 1224 is proximate to the end
plate 2006 of the vertebrac 2025. In other words, in the
second state, the second pair of fenestrations 1225, 1224 are
proximate to opposing vertebrae 202. In some examples, the
implant 100 can be rotated in either direction—clockwise or
counter-clockwise—depending on the application desired
and/or the profile of the exterior surface 118 of the branches
110. As illustrated, the implant 100 is rotated in the clock-
wise direction from the first state to the second state.

In the second state, the implant 100 at the posterior end
114 of the branches 110 can have a thickness T2, e.g., the
thickness T2 determining the distance between the end
plates 200a, 2005 at the posterior end 114. In some
examples, the thickness T2 is greater than the thickness T1.
Specifically, as a result of the differential expansion of the
branches 110 where the posterior end 114 of the branches
110 expands greater in the first dimension D1 than in the
second dimension D2 (as shown in FIG. 7), the thickness T2
of the implant 100 at the posterior end 114 of the branches
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110, when in the second state, is greater than the thickness
T1 of the implant 100 at the posterior end 114 of the
branches 110, when in the first state. In some examples, the
second thickness T2 is based in part on the geometry of the
interior surface 116 of branches 110 and/or the dimensions
of the fenestrations 122a, 122c¢.

In some examples, when the implant 100 is in the first
state, as shown in FIG. 8, the fenestrations 122a, 122¢ are
approximately along a parasagittal plane (e.g., of a human
body). Further, when the implant 100 is in the first state, the
fenestrations 1225b, 1224 are approximately along a trans-
verse plane (e.g., of the human body). In some examples,
when the implant 100 is in the second state, as shown in FIG.
9, the fenestrations 122a, 122¢ are approximately along the
transverse plane, and the fenestrations 1224, 122d are
approximately along the parasagittal plane.

In some implementations, the implant 100 can be config-
ured to be implanted in either of the first and the second
states in part by the fenestrations 122 being configured such
that, when the branches 110 are in the expanded position (as
shown in FIG. 7), dimensions of each of the fenestrations
122 provide greater than a minimum surface area. Specifi-
cally, each of the fenestrations 122 can provide a surface
area that is defined along an exterior surface of the cage 120
that coincides with the exterior surface 118 of the branches
110. That is, the surface area of each fenestration 122 of this
example, when the branches 110 are in the expanded posi-
tion, is the surface area defined between the adjacent
branches 110, the seat 102, and a portion of the spacer 130
(as shown in FIG. 4). In some examples, the surface area of
each fenestration 122 is substantially the same. In some
examples, the surface area of each fenestration 122 is
substantially different. In some examples, the surface area of
the fenestrations 122a, 122¢ are substantially the same; and
the surface area of the fenestrations 1225, 1224 are substan-
tially the same. In some examples, the surface area of the
fenestrations 122a, 122¢ is greater than the surface area of
the fenestrations 12254, 1224.

In some examples, the minimum surface area is the
surface area required to facilitate (or promote) coupling (or
fusing) of the bone graft material (initially) placed within the
cage 120 with the vertebrae 202. That is, when the branches
110 are in the expanded position, the surface area of each of
the fenestrations 122 is greater than the minimum surface
area needed to facilitate or promote coupling of the bone
graft material located within the cage 120 with the vertebrae
202. In some examples, the minimum surface area of each
fenestration is at least 40 square millimeters.

In some implementations, the implant 100 can be config-
ured to be implanted in either of the first and the second state
by the first and the second pair of surfaces 140 of the seat
102 configured to engage the end plates 200 of the opposing
vertebrae 202. Specifically, when the implant 100 is in the
first state (as shown in FIG. 8), the first pair of surfaces 140a,
140¢ engage the end plates 200 of the opposing vertebrae
202. When the implant 100 is in the second state (as shown
in FIG. 9), the second pair of surfaces 1405, 1404 engage the
end plates 200 of the opposing vertebrae 202. The surfaces
140 may engage the end plates 200 to help minimize or
prevent rotation of the implant 100 after establishing a
desired positioning of the implant 100 with respect to the
vertebrae 202. That is, the surfaces 140a, 140¢ help mini-
mize or prevent rotation of the implant 100 from the first
state when the implant 100 is in the first state; and the
surfaces 1405, 1404 help minimize or prevent rotation of the
implant from the second state when the implant 100 is in the
second state. Furthermore, the surfaces 140 provide a con-
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tact surface for engagement with the end plates 200. Spe-
cifically, the surfaces 140a, 140¢ provide a contact surface
for engagement with the end plates 200 when the implant
100 is in the first state; and the surfaces 1405, 1404 provide
a contact surface for engagement with the end plates 200
when the implant 100 is in the second state.

Referring to FIG. 4, in some implementations, the implant
100 can be configured to be implanted in either of the first
and the second state by the spacer 130 including tabs 150a,
1505, 150¢, 1504 (collectively referred to as tabs 150).
Specifically, the tabs 150 are coupled to the spacer 130 and
extend from the spacer 130 in the direction away from the
axis that extends in the direction away from the seat 102.
The tabs 150, when the branches 110 are in the expanded
position, extend at least partially into an area along the
branches 110. Specifically, the area along the branches 110
is circumscribed by a thickness of the branches 110 and a
spacing of the branches 110—the thickness of the branches
110 is a distance between the interior surface 116 and the
exterior surface 118 of the branches 110, and the spacing of
the branches 110 is a distance between adjacent branches
110. For example, the tab 150a extends into the spacing
between the branches 110a, 1105 and extends between the
surfaces 116, 118 of the branches 110a, 1105, the tab 1505
extends into the spacing between the branches 1105, 110¢
and extends between the surfaces 116, 118 of the branches
1105, 110c¢; the tab 150¢ extends into the spacing between
the branches 110c¢, 1104 and extends between the surfaces
116, 118 of the branches 110c¢, 110d; and the tab 1504
extends into the spacing between the branches 110d, 110a
and extends between the surfaces 116, 118 of the branches
1104, 110a.

The tabs 150 can function as a load-bearing structure
when the branches 110 are in the extended position to
facilitate configuring the implant 100 to be implanted in
either of the first and the second state. Specifically, referring
to FIG. 8, when the implant 100 is in the first state, the tab
1505 provides support for the branches 1105, 110c¢, and in
particular, functions as a load-bearing structure for weight/
force that is applied to the branches 1105, 110c¢ by the
vertebrae 202. This helps improve the structural integrity of
the implant 100. Similarly, when the implant 100 is in the
first state, the tab 150d provides support for the branches
1104, 1104, and in particular, functions as a load-bearing
structure for weight/force that is applied to the branches
1104, 1104 by the vertebrae 202. Furthermore, referring to
FIG. 9, when the implant 100 is in the second state, the tab
150c¢ provides support for the branches 110¢, 1104, and in
particular, functions as a load-bearing structure for weight/
force that is applied to the branches 110¢, 1104 by the
vertebrae 202; and the tab 150a supports the branches 110a,
1105, and in particular, functions as a load-bearing structure
for weight/force that is applied to the branches 110q, 1105
by the vertebrae 202.

In some examples, the tabs 150 are of differing thick-
nesses between the branches 110. For example, tabs 150a,
150¢ can be of substantially a same first thickness, and the
tabs 1505, 1504 can be of substantially a same second
thickness, with the second thickness being different than the
first thickness. In some examples, the first thickness is
greater than the second thickness. To that end, urging of the
spacer 130 in the direction away from the seat 102 and
toward the posterior end 114 of the branches 110 creates
more expansion in the first dimension D1 as compared to the
second dimension D2, as shown in FIG. 7. Specifically, the
tabs 150a, 1505 have a greater thickness than the thickness
of the tabs 150a, 1505, accommodating and/or facilitating
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more expansion in the first dimension D1 as compared to the
second dimension D2 when the branches 110 are in the
expanded position. In some embodiments, the branches 110
deform as the spacer 130 is urged towards the posterior end
114 based in part on the thickness of the tabs 150.

Referring to FIGS. 10 and 11, FIG. 10 illustrates a side
view of the implant 100 in an unexpanded position, and FI1G.
11 illustrates a side view of the implant 100 in an expanded
position. In some examples, the spacer 130 of the implant
100 further includes retaining members 154 coupled to the
spacer 130. The retaining members 154 extend from the
spacer 130 generally in the direction away from the axis that
extends in the direction away from the seat 102. For sim-
plicity of illustration, only one retaining member 154 is
shown extending from the spacer 130; however, the spacer
130 can have any number of retaining members 154 extend-
ing from the spacer 130. For example, the spacer 130 can
include four retaining members 154, each positioned within
respective fenestrations 122. In some examples, retaining
members 154 extending from the spacer 130 are positioned
within only a subset of the fenestrations 122. In some
examples, two or more retaining members 154 extending
from the spacer 130 are positioned within one or more of the
fenestrations 122.

The retaining members 154 are configured to be angled
toward the seat 102. Specifically, when the branches 110 are
in the unexpanded position, as shown in FIG. 10, the
retaining members 154 are configured to not extend outside
the internal volume of the cage 120. That is, when the
branches 110 are in the unexpanded position, the retaining
members 154 do not extend past the exterior surface 118 of
the branches 110. However, when the branches 110 are in the
expanded position, as shown in FIG. 11, the retaining
members 154 are configured to extend outside the internal
volume of the cage 120. That is, when the branches 110 are
in the expanded position, the retaining members 154 extend
past the exterior surface 118 of the branches 110. As a result
of the retaining members 154 being angled toward the seat
102, the retaining members 154 are able to engage the end
plates of the vertebrae (e.g., the end plates 200 of the
vertebrae 202 of FIGS. 8 and 9). That is, the retaining
members 154 minimize or prevent translational movement
of the implant 100 opposite the direction of insertion of the
implant 100 between the vertebrae (e.g., “backing out” of
the implant 100) once the branches 110 are in the expanded
position.

Referring to FIG. 12, FIG. 12 illustrates a perspective
view of the implant 100 including a fastener 160. Specifi-
cally, in some examples, the implant 100 can include the
fastener 160 that extends through the orifice 108 of the seat
102, through a portion of the interior volume of the cage
120, and at least partially outside the interior volume of the
cage 120 through one of the fenestrations 122 when the
branches 110 are in the expanded position. The fastener 160
can engage a vertebra (e.g., the vertebrae 200) to facilitate
coupling of the implant 100 to the vertebrae and/or to
prevent “backing out” of the implant 100. In some examples,
the fastener 160 can be a screw, nail, or other coupling
apparatus. In some examples, the implant 100 can include
two or more fasteners 160.

Referring to FIG. 13, FIG. 13 illustrates a cross-sectional
view of the implant 100. Specifically, in some examples, the
implant 100 can include shoulders 170a, 1705 (collectively
referred to as shoulders 170); however, the implant 100 can
include any number of shoulders 170 depending on the
application desired. The shoulders 170 are configured to
removably receive the spacer 130. Each of the shoulders 170
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is formed on the interior surface 116 of the branches 110.
The shoulder 1705 is adapted to removably receive the
spacer 130 to maintain the branches 110 in the expanded
position, as shown in FIG. 4. That is, when the spacer 130
is positioned within the shoulder 1705, the shoulder 1705
facilitates positioning/maintaining the branches 110 in the
expanded position. Furthermore, the shoulder 170a is
adapted to removably receive the spacer 130 to maintain the
branches 110 in a partially-expanded position. That is, when
the spacer 130 is positioned within the shoulder 170a, the
shoulder 170a facilitates positioning the branches in a
partially-expanded position—between the unexpanded and
expanded positions.

Referring back to FIGS. 1 and 4, in some examples, the
branches 110 are configured such that a circumference
defined by a posterior end 180 of the implant 100 in the
unexpanded position (as shown in FIG. 1) is smaller than a
circumference defined by the posterior end 180 of the
implant 100 in the expanded position (as shown in FIG. 4).
In some examples, when the implant 100 is in the expanded
position (as shown in FIG. 4), a circumference of the seat
102 is greater than a circumference of the posterior end 180
of the implant 100.

Referring to FIG. 14, FIG. 14 illustrates a perspective
view of the implant 100 positioned between opposing ver-
tebrae 190a, 1905 (collectively referred to as vertebrae 190).
In some examples, the vertebrae 190 can be lumbar verte-
brae. The seat 102 of the implant 100 can be configured to
be proximate to an anterior portion 192 of the vertebra 190,
and the posterior end 180 of the implant 100 can be
configured to be proximate to a posterior portion 194 of the
vertebra 190.

In some examples, any number of implants 100 can be
positioned between the opposing vertebrae 190, depending
on the application desired. For example, one, two, or four
implants 100 can be positioned between the opposing ver-
tebrae 190.

Referring to FIGS. 15A, 15B, 16A, 16B, FIG. 15A
illustrates a back view of the implant 100 in a first position;
FIG. 15B illustrates a side view of the implant 100 in the first
position; FIG. 16 A illustrates a back view of the implant 100
in a second position; and FIG. 16B illustrates a side view of
the implant 100 in the second position. Specifically, the
implant 100 can have varying levels of eccentricity along the
length of the implant 100—i.e., the direction away from the
seat 102 and toward the posterior end 114 of the branches
110. In some examples, the eccentricity of the implant 100
can be a difference in a diameter of the implant 100 (e.g., at
a given cross-section of the implant 100) at any given
position along the length of the implant 100.

For example, referring to FIGS. 15A, 15B, the first
position of the implant 100 can be defined when branches
1104, 1105 are superior and branches 110c¢, 1104 are inferior
(branches 1105, 110¢ not illustrated). To that end, when the
implant 100 is in the first position, a diameter of the implant
100 proximate to the seat 102 can be a distance X1; a
diameter of the implant 100 at a middle of the implant 100
can be a distance X2; and a diameter at the posterior end 180
of the implant 100 can be a distance X3. Referring to FIGS.
16A, 16B, the second position of the implant 100 can be
defined when branch 110« is superior, branch 110c is infe-
rior, and branches 1105, 1104 are lateral (branch 1105 not
illustrated). To that end, when the implant 100 is in the
second position, a diameter of the implant 100 proximate to
the seat 102 can be a distance Y1; a diameter of the implant
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100 at the middle of the implant can be a distance Y2; and
a diameter of the posterior end 180 of the implant 100 can
be a distance Y3.

The eccentricity of the implant 100 at the seat 102 can be
defined as the difference between the distances X1 and Y1,
the eccentricity of the implant 100 at the middle portion of
the implant 100 can be defined as the difference between the
distances X2 and Y2; and the eccentricity of the implant 100
at the posterior end 180 of the implant 100 can be defined as
the difference between the distances X3 and Y3. In some
examples, the first thickness T1 and the second thickness T2
(shown in FIGS. 8, 9) are based in part on the eccentricity
of the implant 100 along the length of the implant 100.

In some examples, the difference between the distances
X1 and Y1, the distances X2 and Y2, and the distances X3
and Y3 can be between 0 to 5 millimeters. In some
examples, the difference between the distances X1 and Y1 is
approximately 1.5 millimeters. In some examples, the dif-
ference between the distances X2 and Y2 is 1.5 millimeters.
In some examples, the difference between the distances X2
and Y2 is approximately 2.5 millimeters. In some examples
the difference between the distances X3 and Y3 is approxi-
mately 0.

The above disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments which fall within the true spirit and
scope of the present disclosure. Thus, to the maximum
extent allowed by law, the scope of the present disclosure is
to be determined by the broadest permissible interpretation
of the following claims and their equivalents, and shall not
be restricted or limited by the foregoing detailed description.

[TPRK )

Herein, “or” is inclusive and not exclusive, unless
expressly indicated otherwise or indicated otherwise by
context. Therefore, herein, “A or B” means “A, B, or both,”
unless expressly indicated otherwise or indicated otherwise
by context. Moreover, “and” is both joint and several, unless
expressly indicated otherwise or indicated otherwise by
context. Therefore, herein, “A and B” means “A and B,
jointly or severally,” unless expressly indicated otherwise or
indicated otherwise by context.

The scope of this disclosure encompasses all changes,
substitutions, variations, alterations, and modifications to the
example embodiments described or illustrated herein that a
person having ordinary skill in the art would comprehend.
The scope of this disclosure is not limited to the example
embodiments described or illustrated herein. Moreover,
although this disclosure describes and illustrates respective
embodiments herein as including particular components,
elements, features, functions, operations, or steps, any of
these embodiments may include any combination or permu-
tation of any of the components, elements, features, func-
tions, operations, or steps described or illustrated anywhere
herein that a person having ordinary skill in the art would
comprehend. Furthermore, reference in the appended claims
to an apparatus or system or a component of an apparatus or
system being adapted to, arranged to, capable of, configured
to, enabled to, operable to, or operative to perform a
particular function encompasses that apparatus, system,
component, whether or not it or that particular function is
activated, turned on, or unlocked, as long as that apparatus,
system, or component is so adapted, arranged, capable,
configured, enabled, operable, or operative.
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What is claimed is:

1. An intervertebral spacing implant comprising:

a cage having an interior cavity, an exterior surface, a
fixed diameter at an anterior end and an adjustable
diameter at a posterior end, the cage further comprising
a fixed diameter seat having an interior surface and an

exterior surface opposite the interior surface;

a plurality of branches having an anterior end and a
posterior end opposite the anterior end, the anterior
end of the plurality of branches coupled to the seat
and extending in a direction away from the seat, each
of'the plurality of branches having an interior surface
and an exterior surface opposite the interior surface,
wherein the adjustable diameter at the posterior end
is less than the fixed diameter of the seat when the
cage is in an unexpanded position, further wherein
each pair of adjacent branches includes a fenestration
between the pair of adjacent branches allowing a
posterior diameter of the cage to change from a first
posterior diameter to a second posterior diameter;
and

a moveable circular spacer having a spacer diameter
larger than the adjustable diameter of the cage when the
cage is in the unexpanded position,

wherein at least one of the seat, the branches and the
spacer has a threaded exterior surface,

further wherein the cage is operable so that when the
moveable spacer is advanced within the interior cavity
in a posterior direction, one or more of the plurality of
branches of the cage are moved from the unexpanded
position to an expanded position, and a cross-section of
the posterior end of the cage expands to a diameter
greater than the unexpanded diameter.

2. The intervertebral spacing implant of claim 1, wherein
the intervertebral spacing implant is operable to be
implanted in either of at least two states such that

1) in a first state, the at least one fenestration between the
pair of adjacent branches is proximate to an end plate
of'a vertebrae, and a second fenestration of the plurality
of fenestrations is located in the intervertebral space
between the end plates of the adjacent vertebrae, and

ii) in a second state, the intervertebral spacing implant is
rotated relative to the first state about an axis extending
from the seat in the direction away from the seat such
that the at least one of the plurality of fenestrations is
located in an intervertebral space between end plates of
adjacent vertebrae, and the second fenestration of the
plurality of fenestrations is proximate to the end plate
of the vertebrae.

3. The intervertebral spacing implant of claim 2, wherein

1) in the first state, the at least one fenestration between the
pair of adjacent branches is approximately along a
parasagittal plane, and

il) in the second state, the at least one fenestration
between the pair of adjacent branches is approximately
along a transverse plane.

4. The intervertebral spacing implant of claim 2, wherein

1) in the first state, a first pair of fenestrations are proxi-
mate to respective opposing vertebrae, and

i) in the second state, the first pair of fenestrations are
between the opposing vertebrae, the first pair of fen-
estrations including the at least one fenestration of the
plurality of fenestrations.

5. The intervertebral spacing implant of claim 1, wherein
the spacer further includes one or more retaining members
coupled to the spacer and extending from the spacer in the
direction away from the axis that extends in the direction
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away from the seat, the retaining members are operable so
that the retaining members are angled in an anterior direc-
tion toward the seat.

6. The intervertebral spacing implant of claim 1, wherein
the intervertebral spacing implant is operable to allow a
fastener to extend through an orifice in the seat, through a
portion of the interior volume of the cage, and at least
partially outside the interior volume of the cage through one
of the plurality of fenestrations.

7. The intervertebral spacing implant of claim 1, further
comprising a first shoulder and a second shoulder operable
to removably receive the spacer, each formed on the interior
surface of one or more of the plurality of branches, the
second shoulder adapted to removably receive the spacer to
maintain the plurality of branches in the expanded position,
and the first shoulder adapted to removably receive the
spacer to maintain the plurality of branches in a partially-
expanded position.

8. The intervertebral spacing implant of claim 1, wherein
the plurality of branches are operable such that a circum-
ference defined by a posterior end of the intervertebral
spacing implant in the unexpanded position is smaller than
a circumference defined by the posterior end of the interver-
tebral spacing implant in the expanded position.

9. The intervertebral spacing implant of claim 1, wherein
in the expanded position, a first circumference of the seat is
greater than a second circumference of a posterior end of the
intervertebral spacing implant.

10. The intervertebral spacing implant of claim 1, wherein
the seat is configured to be proximate to an anterior portion
of a lumbar vertebrae, and a posterior end of the interver-
tebral spacing implant is configured to be proximate to a
posterior portion of the lumbar vertebrae.

11. An intervertebral spacing implant system comprising:

a cage having an interior cavity, an exterior surface, a

fixed diameter at an anterior end and an adjustable

diameter at a posterior end, the cage further comprising

a fixed diameter seat having an interior surface and an
exterior surface opposite the interior surface;

a plurality of branches having an anterior end and a
posterior end opposite the anterior end, the anterior
end of the plurality of branches coupled to the seat
and extending in a direction away from the seat, each
of'the plurality of branches having an interior surface
and an exterior surface opposite the interior surface,
wherein the adjustable diameter at the posterior end
is less than the fixed diameter of the seat when the
cage is in an unexpanded position, further wherein
each pair of adjacent branches includes a fenestration
between the pair of adjacent branches allowing a
posterior diameter of the cage to change from a first
posterior diameter to a second posterior diameter;
and

a moveable circular spacer having a spacer diameter

larger than the adjustable diameter of the cage when the

cage is in the unexpanded position,

wherein at least one of the seat, the branches and the

spacer has a threaded exterior surface,

further wherein the cage is operable such that when the

moveable spacer is advanced within the interior cavity
in a posterior direction, one or more of the plurality of
branches of the cage are moved from the unexpanded
position to an expanded position, and a cross-section of
the posterior end of the cage expands to a diameter
greater than the unexpanded diameter, and

further wherein the fenestrations are operable such that,

when the one or more branches are in the expanded
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position, dimensions of each of at least four of the
fenestrations are greater than a minimum surface area.

12. The intervertebral spacing implant of claim 11,
wherein the fenestrations are further operable such that,
when the one or more branches are in the expanded position,
the surface area of each of the at least four of the fenestra-
tions is substantially the same.

13. The intervertebral spacing implant of claim 11,
wherein the exterior surface of the seat includes a first and
a second pair of surfaces, the first pair of surfaces positioned
orthogonal to the second pair of surfaces about the exterior
surface of the seat, wherein the first and the second pair of
surfaces are operable to engage end plates of opposing
vertebrae.

14. The intervertebral spacing implant of claim 11,
wherein the spacer includes one or more tabs extending
away from a central axis of the spacer that extends in a
direction away from the seat, and wherein the one or more
tabs, when the one or more branches are in the expanded
position, extend at least partially into an area along the one
or more branches, the area being further circumscribed by a
branch thickness and a branch spacing, the branch thickness
being a distance between the interior and exterior surfaces of
at least one of the branches and the branch spacing being a
distance between at least two adjacent branches.
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15. The intervertebral spacing implant of claim 11,
wherein the exterior surface of the seat includes a first and
a second pair of surfaces, the first pair of surfaces positioned
orthogonal to the second pair of surfaces about the exterior
surface of the seat, wherein the first and the second pair of
surfaces are operable to engage end plates of opposing
vertebrae, and wherein the spacer includes one or more tabs
coupled to the spacer and extending from the spacer in the
direction away from an axis that extends in the direction
away from the seat, and wherein the one or more tabs, when
the one or more branches are in the expanded position,
extend at least partially into an area along the one or more
branches, the area being further circumscribed by a branch
thickness and a branch spacing, the branch thickness being
a distance between the interior and exterior surfaces of at
least one of the branches and the branch spacing being a
distance between at least two adjacent branches.

16. The intervertebral spacing implant of claim 11,
wherein the spacer further includes one or more retaining
members extending from the spacer in the direction away
from a central axis that extends in the direction away from
the seat, the retaining members operable such that the
retaining members are angled anteriorly toward the seat.
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