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1
IMPLANT SUBSIDENCE CONTROL

RELATED PATENT APPLICATION

Priority is claimed from U.S. Pat. No. 6,984,234, the dis-
closure of which is expressly incorporated herein.

BACKGROUND OF THE INVENTION

1) Field of the Invention

The present invention relates generally to devices for the
fixation and support of bone bodies. In particular, the present
invention relates to an implant device, such as an interbody
fusion device, having subsidence control.

2) Background of the Invention

Bone mechanical properties greatly influence the stiffness
of vertebra-implant-vertebra constructs. Bone properties are
a function of many factors including bone mineral density,
age, and sex. For comparative purposes, it will be assumed
that bone properties are constant in the following discussions.
Preparation of the bone to receive the implant can influence
strength and stiffness. Again, for comparative purposes, it
will be assumed that bone preparation is not a variable except
when specifically discussed.

Interbody devices are typically classified as threaded cyl-
inders or screws (e.g., BAK C), boxes (usually tapered rect-
angular boxes with ridges like the Brantigan cage), or vertical
cylinders (e.g., Harms cage). Threaded cylinders usually have
small pores and graft material is located inside the hollow
interior of the cylinder. Device stiffness might be an issue for
such designs. Boxes and vertical cylinders are generally open
structures and in these devices a combination of device stiff-
ness and subsidence are responsible for loading the graft.

The stiffness of a material and the stiffness of the structure
(device) are often confused. Material stiffness is quantified by
Modulus of Elasticity, the slope of the stress-strain curve.
Steel has a high modulus, and gold has a low modulus. Struc-
tural or device stiffness is a function of dimensions of the part
and the material from which the part is made. For example,
steel is a very stiff material. However, when formed into the
shape of a structure like a paperclip it is easily bent. Stiffness
of'an assembly or construct can be influenced by connections.
While a paperclip and even a piece of paper are strong in
tension, when assembled with a piece of paper a paperclip can
be easily pulled off because they are only held together by
friction.

The same analogy holds for inter-vertebral implants. For
instance, consider a simplified construct consisting of a bone
block, an interbody device, and a bone block, stacked on top
of'each other and loaded in compression. If the device is made
from a low modulus material but has a large footprint on the
bone, and conforms very well to the bone, the assembly can
be very stiff in compression. The slope of the load-deflection
curve would be steep. A device made from a high modulus
material that has a small footprint on the bone and sharp edges
might simply punch into the bone under compressive load.
The slope of the load-deflection curve would be low, making
the construct appear very compliant despite the fact that the
device is rigid.

Finally, the terms flexibility and stiffness are used in con-
nection with both the range of motion of the spine and the
mechanical performance of implant constructs, and the dis-
tinction is not always clearly defined.

BRIEF SUMMARY OF THE INVENTION

The following presents a simplified summary of the inven-
tion in order to provide a basic understanding of some aspects
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of the invention. This summary is not an extensive overview
of the invention. It is intended to neither identify key or
critical elements of the invention nor delineate the scope of
the invention. Its sole purpose is to present some concepts of
the invention in a simplified form as a prelude to the more
detailed description that is presented later.

In accordance with an aspect of the present invention, an
interbody device is provided. The interbody device includes a
base member having a plurality of interface members extend-
ing from a portion of the base member, the interface members
configured to provide controlled subsidence of the interbody
device into a bone body. The interbody device also includes a
plurality of bone fasteners extending through apertures pro-
vided in the base member; and restraining means for restrict-
ing movement of at least one of the plurality of bone fasteners.

In accordance with another aspect of the present invention,
an interbody device includes: a base member configured for
insertion between two adjacent bone bodies; controlled sub-
sidence means extending from the base member, the con-
trolled subsidence means configured to provide penetration
of the base member into at least one of the bone bodies with
increased resistance to subsidence; and means for fastening
the base member to the two adjacent bone bodies.

In accordance with yet another aspect of the present inven-
tion, an interbody device includes a base member configured
for insertion between two adjacent bone bodies. The base
member includes: a plurality of interface members extending
from a surface of the base member, the plurality of interface
members configured to penetrate into at least one surface ofat
least one of the body bodies with increased resistance to
subsidence; at least one angled hole extending therethrough
for receiving a bone fastener; and at least one elongated slot
extending therethrough for receiving a bone fastener, the
elongated slot configured to permit the corresponding bone
fastener to slide within the slot.

In accordance with yet another aspect of the present inven-
tion, a device for fixation and support of bone bodies includes:
abody configured to interface with two or more bone bodies;
and at least one interface member extending from the body,
wherein the at least one interface member is configured to
provide a controlled subsidence of the body into at least one
of the two or more bone bodies.

In accordance with yet another aspect of the present inven-
tion, a device for fixation and support of bone bodies is
provided. The device includes: means for interfacing between
two or more bone bodies; and means for providing a con-
trolled subsidence of the device into at least one of the two or
more bone bodies in accordance with a desired subsidence
profile.

In accordance with yet another aspect of the present inven-
tion, a device for securing two adjacent spinal vertebrae is
provided. The device includes: a body for implantation at a
location between the two vertebrae; and at least one protru-
sion extending from the body for engagement with one of the
vertebrae upon implantation and for progressive penetration
into the vertebra over a period of time subsequent to the
implantation.

In accordance with yet another aspect of the present inven-
tion, a method of securing two adjacent spinal vertebrae with
a device is provided. The method comprises: implanting a
body of the device at a location between the two vertebrae;
engaging at least one protrusion extending from the body for
with one of the bone members upon implantation progres-
sively penetrating the protrusion into the vertebra over a
period of time subsequent to the implantation.

In accordance with yet another aspect of the present inven-
tion, an interbody device for securing two adjacent bone
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members includes: a base member for implantation at a loca-
tion between the two bone members; and means for maintain-
ing the base member within the implant location between the
bone members; wherein the base member includes at least
one protrusion for engagement with one of the bone members
upon implantation and for progressive penetration over a
period of time subsequent to the implantation.

The following description and the annexed drawings set
forth in detail certain illustrative aspects of the invention.
These aspects are indicative, however, of but a few of the
various ways in which the principles of the invention may be
employed and the present invention is intended to include all
such aspects and their equivalents. Other objects, advantages
and novel features of the invention will become apparent from
the following detailed description of the invention when con-
sidered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
present invention will become apparent to those skilled in the
art to which the present invention relates upon reading the
following description with reference to the accompanying
drawings.

FIG. 1 is a front perspective view of an interbody device in
accordance with an aspect of the present invention.

FIG. 2 is a bottom perspective view of an interbody device
in accordance with an aspect of the present invention.

FIG. 3 is a side view of an interbody device in accordance
with an aspect of the present invention.

FIG. 4 is a front perspective view of a base member of an
interbody device in accordance with an aspect of the present
invention.

FIG. 5 is a back perspective view of a base member of an
interbody device in accordance with an aspect of the present
invention.

FIG. 6 is a side view of a base member of an interbody
device in accordance with an aspect of the present invention.

FIG. 7 is a bottom perspective view of a base member of an
interbody device in accordance with an aspect of the present
invention.

FIG. 8 s a perspective view of a bone screw of an interbody
device in accordance with an aspect of the present invention.

FIG. 9 is a front perspective view of a restraining member
of an interbody device in accordance with an aspect of the
present invention.

FIG. 10 is a back perspective view of a restraining member
of an interbody device in accordance with an aspect of the
present invention.

FIG. 11 is a side perspective view of an interbody device
positioned between two bone bodies in accordance with an
aspect of the present invention.

FIG. 12 is a top perspective view of an interbody device
positioned between two bone bodies in accordance with an
aspect of the present invention.

FIG. 13 is a perspective view of a guide tube system for
inserting bone screws into a base member of an interbody
device in accordance with an aspect of the present invention.

FIG. 14 is a bottom perspective view of another guide tube
system for inserting a bone screw into a base member of an
interbody device in accordance with an aspect of the present
invention.

FIG. 15 is a side perspective view of another interbody
device in accordance with an aspect of the present invention.
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FIG. 16 is a back perspective view of another base member
of an interbody device in accordance with an aspect of the
present invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS

The present invention relates to an implant device, such as
an interbody device, having subsidence control. The present
invention will now be described with reference to the draw-
ings, wherein like reference numerals are used to refer to like
elements throughout. It is to be appreciated that the various
drawings are not necessarily drawn to scale from one figure to
another nor inside a given figure, and in particular that the size
of the components are arbitrarily drawn for facilitating the
understanding of the drawings. In the following description,
for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of the
present invention. [t may be evident, however, that the present
invention can be practiced without these specific details.
Additionally, other embodiments of the invention are pos-
sible and the invention is capable of being practiced and
carried out in ways other than as described. The terminology
and phraseology used in describing the invention is employed
for the purpose of promoting an understanding of the inven-
tion and should not be taken as limiting.

Referring initially to FIGS. 1-3, an example of an interbody
device 10 is illustrated in accordance with an aspect of the
present invention. The interbody device 10 is configured to fix
and secure two bone bodies. As used herein, the phrase “bone
bodies” is intended to include individual bones as well as
fragments or portions of bones. More specifically, and as will
be described in further detail below, the interbody device can
fix and secure adjacent vertebrae that have had cartilaginous
disc between the vertebrae replaced with a graft of bone tissue
or some other material that promotes the fusion of the verte-
brae It is to be appreciated that one aspect that is addressed by
the present invention is load sharing with a graft. The con-
figuration of the interbody device 10 includes a base member
20 having a plurality of protrusions or interface members 30
extending from a portion of the base member 20. As will be
explained in further detail below, the interface members 30
are configured to contact at least one surface of at least one
bone body to provide subsidence control for the interbody
device 10. Controlled subsidence relates to resistance to sub-
sidence and total amount of subsidence. The base member 20
of the interbody device 10 also includes a plurality of aper-
tures, each of which is configured to receive a corresponding
bone fastener 50 therethrough.

The interbody device 10 also includes a restraining means
for restricting movement of one or more bone fasteners 50
coupled to the base member 20. The restraining means can be
any means for securely covering at least a part of each of the
bone fasteners 50 so that the bone fasteners 50 cannot back
out from the bone bodies once screwed in through the base
member 20 of the device 10. In the depicted embodiment, the
bone screw restraining means comprises a restraining plate 60
and a restraining plate fixing means 70.

Turning now to FIGS. 4-7, the base member 20 of the
interbody device 10 is illustrated in greater detail. The base
member 20 is generally u-shaped with a first end 80 at the
open end of the u-shape and a second end 90 at the closed end
of the u-shape (see FIGS. 6 and 7). The second end 90
includes a primary member 100 and a secondary member
110, which extends from and is angled relative to the primary
member 100. First and second legs 120, 130 of the u-shaped
base member 20 are integrally formed with the primary mem-
ber 100. In use, the first and second legs 120, 130 extend
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around a bone graft to mitigate lateral shift of the graft and
control subsidence of adjacent vertebrae as they set during
fusion.

Subsidence is further controlled by the presence of the
interface members 30 that extend from a portion of the base
member 20. The interface members 30, as depicted in the
present embodiment, can include a plurality of teeth extend-
ing from bottom surfaces of the primary member 100, the first
leg 120, and the second leg 130. Accordingly, when coupled
with the bone bodies, the interface members 30 extend from
the base member 20 in a direction that is aligned with an
elongate direction of the spine. The interface members 30
thus, are configured to provide a progressive penetration into
the bone body over a period oftime in a direction aligned with
the elongate direction of the spine. Thus, the alignment within
the elongate direction prevents thrust force transverse to the
elongation direction (e.g., in the lateral (side-side) or anterior-
posterior (front-back) directions). It is to be appreciated, how-
ever, that any suitable configuration of interface members can
be provided at any suitable location on the base member that
interfaces with a surface of the bone body.

The interface members can include teeth, knife-edges,
spikes, posts, pegs, and the like, including any combination
thereof. Within the example shown within the Figures an
example projections that are substantially shaped as a four-
sided pyramid is shown (see for example FIGS. 4-7 to see the
shape). The configuration of the interface members includes
interlocking external features that impact a subsidence pro-
file, which is a relationship between an applied load and an
amount of settling the interbody device 10 experiences when
secured to the bone bodies. Or in other words, the subsidence
profile is a relationship between a depth of subsidence of the
interface members and a force required to achieve the depth of
subsidence. When first implanted, the interface members 30
will rest on top of the bone surface. When load is applied to
the interbody device 10, the interface members 30 will pen-
etrate, or subside, into the bone in a controlled manner. The
interface members can dig into the bone “fast” initially and
then slow down as more of the tooth cross section embeds.
Different interface member configurations provide different
controlled subsidence profiles. The density of the bone body
also impacts the subsidence profile. For example, in a lower
density bone body representation, such as 15 pcf, the interface
members can penetrate the bone body by about 1 mm using
between about 50-100 N of force and by about 2 mm using
between about 150-250 N of force. In a medium density bone
body, such as 20 pcf, the interface members can penetrate the
bone body by about 1 mm using between about 100-200 N of
force and by about 2 mm using between about 400-900 N of
force. In a higher density bone body, such as 40 pcf, the
interface members can penetrate the bone body by about 1
mm using between about 100-500 N of force and by about 2
mm using between about 1000-2250 N of force. The amount
of'force needed for displacement and the rate of penetration of
the interface members into the bone body depends, in part,
upon the configuration of the interface members. It should be
noted that all of the pcf densities refer to polyurethane foam
(which is referenced to ASTM standards) that is used as a
bone analog for test purposes. The tests were also conducted
using a straight test “blade” that was 40 mm long, not an
actual implant. Also, as mentioned there is no thrust in a
direction transverse to the elongation direction of the spine.
As can be appreciated from the drawings that the pyramid-
shaped members 30 are pointed along the elongate direction
and each opposed pair of sides of the pyramid are symmetri-
cal to each other. Also, bisecting a pyramid-shaped member
30 through planes bisecting the sides results in the member
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being substantially symmetrical. For example, such bisection
down the middle of the member cutting sides in two results in
substantial symmetry. Moreover a similar bisection perpen-
dicular (i.e., rotated 90°) to the aforementioned bisection also
results in substantially symmetrical bisection of the member.
Accordingly, at least one of the members 30 is substantially
symmetrical in each of two perpendicular directions. Simi-
larly, bisecting a pyramid-shaped member 30 along its verti-
ces results in substantially symmetry on either side of the
bisections. So again, such bisecting a pyramid-shaped mem-
ber 30 through planes results in the member being substan-
tially symmetrical. Such substantial symmetry thus provides
for substantially symmetrical penetrating force. As men-
tioned, the projections may have different shapes. If a shape
that is not substantially symmetrical in each of two directions,
such as a sawtooth, a substantially symmetrical penetrating
force would not be provided.

The height (H) of the interface members 30 determines a
depth of penetration into the bone body (see FIG. 4). Gener-
ally, when the interbody device 10 has subsided to a point
where the interface members are fully embedded in the bone,
the applied load will be distributed across the entire surface of
the interbody device 10 and subsidence will cease. Typically,
the screw will be at the end of the slot. Thus, the height (H) of
the interface members can control an amount of subsidence
that the interbody device 10 will permit.

In addition to the height (H) of the interface members 30,
the shape of the interface members 30 also affects subsidence
of the interbody device 10. The shape of the interface mem-
bers 30 controls a shape of the subsidence profile; and there-
fore, affects the load shared with the graft material. For
instance, if the interface members 30 were limited to a few
sharply pointed spikes, subsidence would occur substantially
immediately and the interbody device 10 would rapidly seat
in the bone to the fullest extent under low force. In this
instance, any graft material would be immediately and highly
loaded. Such immediate subsidence is not desirable because
the joint space could narrow and cause nerve root or spinal
cord compression. Also, the graft would be overloaded, inhib-
iting fusion. However, some subsidence is needed to load the
graft and ensure fusion. Accordingly, by configuring the inter-
face members 30 to have a broadly shaped portion, the inter-
body device 10 has increased resistance to subsidence as the
interface members 30 penetrate into the bone body; and the
graft material is gradually loaded as the device subsides. For
instance, turning to FIG. 7, each tooth 30 is shaped with a
substantially broad base, the base being defined by a length
(L) and width (W) of each tooth. The substantially broad base
of each tooth facilitates controlled subsidence of the inter-
body device 10. For instance, the as the tooth becomes wider
in cross section, the penetration of the tooth into the bone
body will become slower.

Once the interface members 30 have fully penetrated the
bone, the surface area of the base member 20 is of an area
large enough to resist further subsidence of the interbody
device 10. To increase subsidence resistance, at an interface
between the a plurality of teeth 30 and the bottom surfaces of
the primary member 100 and the first and second legs 120,
130, a shelf-like area 135 is created. The shelf-like area 135
provides an extended surface area to contact the bone mate-
rial, thereby increasing subsidence resistance once the inter-
face members 30 have fully subsided. As mentioned, the
screw will typically be at the end of the slot.

Turning back to the primary and secondary members 100,
110 of the base member 20, the secondary member 110 has a
front surface that is generally continuous with a front surface
of'the primary member 100, as illustrated in FIG. 4 and aback
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surface that is generally continuous with a back surface of the
primary member 100, as illustrated in FIG. 5. FIG. 6 illus-
trates the angular relationship between the primary and sec-
ondary members 100, 110. The primary member 100 and
secondary member 110 are arranged relative to each other so
that their front surfaces form an angle greater than 90° and
less than 180°, preferably from 110° to about 160°. As will
become apparent, the angle at which the primary and second-
ary members 100, 110 are joined is provided so that bone
screws can be introduced through the base member 20 at
desired angles, as discussed further below. Accordingly, the
base member 20 can be designed in any other manner that
permits the bone screws to be introduced therethrough at the
desired angles.

The primary member 100 includes at least one, and pret-
erably two (as shown in the depicted embodiment) first bone
screw holes 140 extending therethrough, each configured to
receive a corresponding bone screw. The first bone screw
holes 140 in the primary member 110 are configured such that
bone screws extend through the holes 140 at an angle, as
illustrated in FIG. 3. For example, the first bone screw holes
140 can extend through a corner that joins a top surface 150 of
the base member 20 to a back surface 160 of the base member
20, as best shown in FIG. 5. As a result, each bone screw
extending through the first bone screw holes 140 can enter the
bone body at an angle, as discussed further below. Each of the
first bone screw holes 140 is sufficiently large to allow a
portion of a respective bone screw to pass therethrough but
not large enough to allow a retaining portion of the bone
screw through, such as the head of the bone screw. Further,
each of the first bone screw holes 140 has a seat 165 on which
the retaining portion of a respective bone screw rests. Each
seat 165 has a generally concave spherical shape and the
surface of the retaining portion of the bone fastener in contact
with the seat 165 has a complementary convex spherical
configuration. Consequently, the bone screws are free to pivot
on the seats 165. The primary member 100 also includes a
threaded hole 170 for receiving the restraining member fas-
tener 70.

The secondary member 110 includes a second bone screw
hole 180 in the form of an elongated slot for receiving a bone
screw. The bone screw is introduced into the second bone
screw hole 180 and into a second bone body. The second bone
screw hole 180 is configured such that a bone screw can slide
and rotate within the slot relative to the base member 20 and
generally toward the primary member 100. Thus, in use, as
two adjacent bone bodies, to which the base member 20 is
fixed, collapse or settle and move toward each other, the bone
screw contained within the second bone screw hole 180 will
slide within the slot and move with the bone body into which
it extends in a direction toward the primary member 100 and
the other bone body. The sliding aspect of the movement of
the bone screw along the elongate slot is a translation move-
ment and is in distinction from a pivoting movement. In other
words, the translational sliding aspect is the non-pivoting
aspect.

At least one and preferably two projections 183 extend
upwardly from the top surface 150 of the base member 20.
The projections 183 contact a surface of the bone bodies to
provide a stop when inserting the base member 20 between
the bone bodies. The base member 20 also includes holes 187
provided through each of the first and second legs 120, 130.
The holes 187 facilitate visualization of the fusion mass on
x-rays and bone growth therethrough when the interbody
device 10 is positioned between two bone bodies.

The base member 20 may be made of any suitable material,
and is preferably made from titanium or a titanium alloy. The
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thickness of the base member 20 is not critical, and preferably
ranges from about 1 mm to about 2 mm, and more preferably
is about 1.6 mm. The height of the base member 20 will
depend on the needs of the particular patient.

Turning now to FIG. 8, the bone fastener 50 is illustrated in
further detail in accordance with an aspect of the present
invention. The bone fastener 50 can comprise a bone screw, a
plurality of which is used for securing the interbody device 10
to the bone bodies. The bone fasteners 50 can be made of any
suitable material, and are preferably made of the same mate-
rial as the base member 20, such as titanium or a titanium
alloy. The bone fasteners 50 can all have the same shape, such
as that shown in FIGS. 1-3. In the depicted example, the bone
fasteners each have a radiused head 190. As used herein, the
term “radiused head”” means that the lower portion of the bone
screw head, i.e., the portion that is nearest the shank, is gen-
erally rounded, to thereby permit the bone screws to toggle
within their respective holes 140 and 180. The bone fasteners
50 can have any other suitable shape that permits them to
cooperate with the first and second bone screw holes 140 and
180.

The bone fasteners are secured to the base member 20 via
restraining means. As stated above, the restraining means can
include a restraining plate 60, an example of which is illus-
trated in FIGS. 9 and 10 in accordance with an aspect of the
present invention. The restraining plate 60 is configured to
correspond with a recessed region 200 of the base member 20
of'the interbody device 10 (see FIGS. 4 and 6). More specifi-
cally, the restraining plate 60 includes a generally rounded
front side 210 and a generally flat back side 220. The restrain-
ing plate 60 has a flange 230 formed in a top portion of the
plate, the flange 230 being configured to fit within a corre-
sponding groove 240 formed in the base member 20. The use
of the recessed region 200 and the groove 240 in the base
member 20 facilitates proper positioning of the restraining
plate 60 on the base member 20. The thickness of the restrain-
ing plate 60 is not critical, but should generally be as thin as
possible. Some example thicknesses are preferably in the
range from about 0.5 mm to about 2 mm, more preferably
from about 1 mm to about 1.5 mm.

Turning to FIG. 10, the restraining plate 60 includes a
plurality of notches formed along the edges of its back surface
220. The notches include at least one generally rounded notch
250, preferably two, each of the generally rounded notches
250 configured to correspond with one of the bone screws 50.
When the restraining plate 60 is fixed in place over the base
member 20, the generally rounded notches 250 each cover a
portion of a corresponding one of the bone screws 50. The
notches 250 are generally rounded so as to permit the bone
screws 50 to toggle within the first bone screw holes 40. The
restraining plate 60 also includes a substantially U-shaped
notch 260, which is curved outwardly towards the edge of the
restraining plate 60. When the restraining plate 60 is fixed in
place over the base member 20, the top of the bone screw 50
positioned within the second bone screw hole 180 sits within
the U-shaped notch 260. Thus, a top of the bone screw 50 is
covered by the top surface of the restraining plate 60. With
this design, the bone screw 50 positioned within the second
bone screw hole 180 is permitted to slide and toggle within
the slot even when the restraining plate 60 is fixed over the
bone screw 50.

The restraining plate 60 also includes an aperture 270
formed therethrough. The aperture 270 in the restraining plate
60 is aligned with a hole 170 in the primary member 110 of the
base member 20, both of which can receive a restraining
member fastener 70 for fixing the restraining plate 60 in place
over the base member 20. The restraining member fastener 70
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can be made of any suitable material well known in the art,
preferably titanium or a titanium alloy. The restraining mem-
ber fastener 70 can be a screw, such as a hexagonal screw that
can be turned with a hexagonal driver. Other types of fasten-
ers can also be used, as well as any other suitable mechanism
for fixing the restraining plate 60 to the base member 20. The
precise mechanism by which the restraining plate 60 is fixed
to the base member 20 is not critical to the invention.

Additionally, it is to be appreciated that any other suitable
bone screw restraining means can be used in connection with
the present invention. For example, the bone screw restrain-
ing means can comprise multiple restraining plates that cover
different bone screws. Alternatively, the bone screw restrain-
ing means can comprise one or more screws with heads that
overlap at least a portion of one or more bone screws to
thereby prevent the bone screws from backing out.

FIGS. 11 and 12 illustrate the interbody device 10 secured
between two bone bodies 280 and 290 in accordance with an
aspect of the present invention. The bone bodies 280 and 290
can be two adjacent cervical vertebrac and the interbody
device 10 can be mounted to the vertebrae with a bone graft
(not shown) between the vertebrae. More specifically, the
base member 20 of the device 10 is mounted to the vertebrae
by attaching the bone fasteners 50, which are located in bone
screw holes 140, to one of the cervical vertebrae 280 to be
stabilized and the bone fastener 50, which is located in slot
180, to the other of the cervical vertebrae 290 to be stabilized.
The base member 20 is positioned such that the first and
second legs 120, 130 lie generally opposite the bone graft
between the two vertebrae. The bone fasteners 50 are driven
into the vertebrae 280, 290 sufficiently so that the convex
spherical configuration of the bone fasteners 50 bear against
the seats 165 of the bone screw holes 140 and secure the base
member 20 against anterior surfaces of the two cervical ver-
tebrac 280, 290. More specifically, the bone fasteners 50
provided through the bone screw holes 140 are driven through
an end surface of bone body 280; and the bone fastener 50
provided through the slot 180 is driven through a top surface
of bone body 290.

To provide an enhanced fit, a few millimeters of bone can
be trimmed or otherwise removed from a lip osteophyte of the
second vertebral body 290 at an angle corresponding to the
angle of the secondary member 110 of the base member 20.
The trimmed surface provides a substantially flat surface 300
for anchoring the bone screw 50 into the lip osteophyte of the
second vertebral body 290 The surface also accommodates
sliding of the tab as the teeth subside into the second vertebral
body 290.

The angles of the bone screws 50 relative to the bone
surfaces of the vertebral bodies 280, 290 are important. The
lip osteophyte is the strongest part of the bone, and thus
angling the bone screws 50 through the lip osteophyte
increases the ability of the base member 20 to stay anchored
to the vertebral bodies 280, 290. Moreover, by being angled,
each bone screw 50 is positioned along an angle of rotation of
a corresponding vertebral body 280, 290 as well as an angle of
settling ofthe vertebral body 280, 290. This places each screw
50 in a protected position against motion of the spinal col-
umn. As aresult, significant sheer forces are not exerted on the
screws 50 as the vertebral bodies 280, 290 rotate and settle.

A first guide tool 310 as illustrated in FIG. 13 can be
provided to allow a surgeon to hold and position the base
member 20 against the bone, and to accurately drill into the
bone. The guide tool 310 includes a handle 320 for holding
and manipulating a position of the guide tool 310. A projec-
tion (not shown) extends from a base portion of the guide tool
310 and is configured to engage hole 170 in the primary
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member 100 of the base 20 to hold the guide tool 310 in
position. When the handle 320 is properly engaged with the
base member 20, a pair of guide tubes 330 is properly lined up
with corresponding bone screw holes 140. The surgeon then
inserts a drill or center punch (not shown) through one of the
guide tubes 330 to drill a hole in the bone, through the screw
hole 140. Then, after removing the drill, the surgeon inserts a
bone screw 50 held at the end of a suitable driver (not shown)
through the guide tube 330, and screws it into the bone. The
process is repeated until the desired number of screws are
placed, leaving the base member secured to the bone via the
first bone screw holes 140. Or, since the first guide tool 310
includes two guide tubes 330, the bone screws 50 can be
inserted at substantially the same time.

A second guide tool 340 is illustrated in FIG. 14 is also
provided to allow a surgeon to hold and position the base
member 20 against the bone, and to accurately drill into the
bone. More specifically, the second guide tool 340 is
employed to drill a bone screw 50 into the bone slot 180. The
second guide tool 340 includes two substantially round pro-
jections 350 that engage corresponding notches 360 provided
between the secondary member 110 of the base 20 and an
adjacent interface member 30 provided on each side of the
secondary member 110 (see FIGS. 4 and 5) to hold the second
guide tool 340 in position. As above, the surgeon then inserts
a drill (not shown) through a guide tube 370 to drill a hole in
the bone, through the screw slot 180. Then, after removing the
drill, the surgeon inserts a bone screw 50 held at the end of a
suitable driver (not shown) through the guide tube 370, and
screws it into the bone. It should be noted that one function of
the guide is to locate the screw at the end of the slot so the
screw travel can match subsidence of the teeth. If for example
the screw was placed in the center of the slot it would bottom
out in the slot before the teeth had fully embedded.

Turning back to FIGS. 11 and 12, once the bone screws 50
are inserted into the bone screw holes 140 and the bone screw
slot 180, the restraining plate 60 is placed over the base
member and fixed in place to prevent the screws 50 from
“backing out” of the screw holes 140, 180. The second bone
screw 50 that extends through the bone screw slot 180 is
nonetheless permitted to slide along the length of the slot 180,
even when the restraining plate 60 is secured in place. Thus,
second the bone screw 50 and the bone screw slot 180 coop-
erate to control any lateral or rotary movement of one verte-
bral body relative to an adjacent vertebral body during “set-
tling” of the bone. Further, the angled orientation of the
second member 110 provides the base member 20 with resil-
ient properties, for example, enabling the base member 20
“flex” when one vertebra is rotated relative to an adjacent
vertebrae.

As noted above, all of the bone screws 50 are preferably
permitted to toggle, or pivot, even after the restraining plate
60 is fixed over the base member 20. The ability of the screws
50 to toggle permits the interbody device 10 to migrate and
self-center after it has been implanted.

The base member 20 is configured such that when first
installed on the cervical vertebrae, the interface members 30
contact a surface of at least one of the bone bodies. For
instance, in the present example, the base member 20 is
positioned between the vertebrae 280 and 290 such that the
top surface 150 ofthe base member 20 contacts an end surface
of one vertebral body 280 and the interface members 30
contact an end surface of the other vertebral body 290. As
discussed above, the interface members 30 are configured
such that substantially immediate penetration does not occur.
Rather, the interbody device 10 gradually subsides as the
vertebrae and bone graft fuse to share in the weight bearing
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during settling of the vertebral bodies. Specifically, as the
vertebral bodies move toward each other during settling, the
interface members 30 will contact and enter the second ver-
tebral body 290 with increased resistance to subsidence. This
contact controls the rate of settling.

The interbody device 10 provides such an interface design
by controlling the height, size, shape, and spacing of the teeth
that interdigitate with the endplate of the vertebral body. In
addition screw fixation is provided. The length of screw travel
in the slot 180 is matched to the height of the interface mem-
bers 30. Accordingly, subsidence is arrested once the bone
screw 50 reaches the intended limit as provided by the slot
180. Screw fixation also addresses expulsion of the interbody
device, a concern common to all interbody devices. The inter-
body device 10 accommodates a large graft surface area fur-
ther increasing the probability that fusion will occur.

As shown in FIG. 12, the interbody device 10 of the present
invention has a substantially low profile. Namely, the base
member of the present invention is designed to have an outer
periphery that coincides with or generally matches the outer
diameter of the cortex. The top surface of the base sits at, and
preferably below, the top surface of the vertebral bodies. As
such, the interbody device 10 of the present invention does not
have any parts that would significantly interfere with or irri-
tate the trachea, esophagus, and/or other anatomic structures
of the user.

Another advantage of the interbody device 10 is that it is
stackable. Frequently after a bone graft is inserted and a bone
plate joined to the surrounding vertebral bodies, for example,
C4 and C5, an adjacent disk, for example, between C5 and
C6, subsequently deteriorates. With traditional bone plates, it
would be necessary to remove the plate from C4-C5 before
attaching a second bone plate to C5 and C6 because each plate
covers a significant surface of the vertebral body. To remove
aboneplate, itis necessary dissect scar tissue, which can have
a negative impact on the patient. In contrast, the interbody
device 10 of the present invention covers an insignificant
portion of the top surfaces of the vertebral bodies to which it
is attached, instead being located primarily between the ver-
tebral bodies. As a result, multiple interbody devices can be
introduced over adjacent bone grafis (i.e., between a common
vertebral body) so that two interbody devices are attached to
a common vertebral body without the bone plate systems
contacting one another. Thus, subsequent procedures where
new bone grafts are to be inserted do not require the removal
of'a pre-existing device prior to introduction of a new device.
The depicted systems where the bone screws are provided in
a generally triangular arrangement further enhance the stack-
ing ability of the interbody devices of the invention.

It is to be appreciated that a kit having base plates of
different sizes, bone screws of differing lengths and restrain-
ing plates complementary to the base plates can be provided.
For instance, because of the different physical dimensions of
the patients on whom the invention is used, it is preferable that
bone plate systems of correlative dimensions be available.
The present invention is capable of being provided in various
sizes for that purpose. FIGS. 15 and 16 illustrate examples of
a base member and interbody device, respectively, having a
larger size than the interbody device 10 described with
respect to FIGS. 1-13. The kit may further comprise a tack
tool, a drilling tool, tapping tool and/or one or more screw
driving tools.

While preferred embodiments of the present invention are
described for supporting adjacent cervical vertebrae in the
anterior region of the vertebrae, persons skilled in the art
would recognize that the bone plate of the present invention
may be utilized to support adjoining thoracic and lumbar
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vertebrae in the lateral or posterior regions of the vertebrae.
Further, the device and method of the invention is not limited
to vertebral bodies, but can also be use to join two other pieces
of' bone in other parts of the body.

While embodiments and applications of this invention
have been shown and described, it would be apparent to those
skilled in the art that many more modifications are possible
without departing from the inventive concepts herein. The
invention, therefore, is not to be restricted except in the spirit
of'the appended claims.

What is claimed is:

1. An interbody device comprising:

a base member having a plurality of interface members
extending from a portion of the base member, the inter-
face members configured to provide controlled subsid-
ence of the interbody device into a bone body over a
period of time subsequent to implantation adjacent to the
bone body;

a plurality of bone fasteners extending through apertures
provided in the base member; and

restraining means for restricting movement of at least one
of the plurality of bone fasteners;

wherein the apertures provided in the base member
includes an elongated slot configured to receive a bone
fastener therethrough, the plurality of interface mem-
bers have a dimensional extension adapted to penetrate
into the bone body during the controlled subsidence, and
the slot having an elongation dimension along which the
bone fastener extending therethrough moves as a whole
along the elongate dimension during the controlled sub-
sidence.

2. The interbody device of claim 1, wherein the plurality of

interface members includes a plurality of teeth.

3. The interbody device of claim 1, wherein the plurality of
interface members includes at least one of teeth, knife-edges,
spikes, posts, and pegs extending from a bottom surface of the
base member.

4. The interbody device of claim 1, wherein the restraining
means includes a restraining plate and a restraining plate
fixing means.

5. The interbody device of claim 4, wherein the restraining
plate engages the plurality of bone fasteners and is configured
to restrict movement of all of the plurality of bone fasteners.

6. The interbody device of claim 4, wherein the restraining
plate includes a U-shaped notch curved outwardly towards an
edge of the restraining plate, with at least a portion of the bone
fastener is located within the U-shaped notch and moving
within the U-shaped notch during the movement of the bone
fastener along the slot during controlled subsidence.

7. The interbody device of claim 4, wherein plurality of
bone fasteners is exactly three bone fasteners, the base mem-
ber has exactly three bone fastener receiving apertures
through which the three bone fasteners are received and
extend, exactly two of the three bone fastener receiving aper-
tures are non-eclongated and exactly one of the three bone
fastener receiving apertures is the elongate slot, the restrain-
ing means includes exactly one restraining plate that covers
all three bone fasteners.

8. The interbody device of claim 1, wherein the base mem-
ber includes a primary member and a secondary member, the
secondary member extending from and being angled relative
to the primary member, the elongated slot being located
within the secondary member.

9. The interbody device of claim 8, wherein the angle
between the primary member and the secondary member is
between 90-degrees and 180-degrees for permitting the pri-
mary member to engage a first part of the bone body and the
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secondary member to engage a second, different part of the
bone body away from the first part of the bone body.

10. The interbody device of claim 8, wherein the angle
between the primary member and the secondary member is
between 110-degrees and 160-degrees for permitting the pri-
mary member to engage a first part of the bone body and the
secondary member to engage a second, different part of the
bone body away from the first part of the bone body.

11. The interbody device of claim 1, wherein the interface
members are configured to subside into one or more bone
bodies in accordance with a desired subsidence profile to a
depth that is substantially equivalent to a height of the inter-
face members.

12. The interbody device of claim 1, wherein a shape of the
interface members controls a rate of subsidence of the inter-
body device into an adjacent bone body.

13. The interbody device of claim 1, further comprising a
shelf-like area created at an interface between a bottom sur-
face of the base member and the plurality of interface mem-
bers extending from the bottom surface of the base member.

14. The interbody device of claim 1, wherein the apertures
provided in the base member includes at least one angled hole
different from the elongate slot and configured to receive a
corresponding bone fastener therethrough.

15. The interbody device of claim 14, wherein the apertures
provided in the base member include two angled holes dif-
ferent from the elongate slot and having generally concave
spherical seats to allow the corresponding bone fasteners
provided therethrough to pivot on the seats.

16. The interbody device of claim 1, wherein the base
member includes at least one projection extending from a top
surface of the base member, the at least one projection con-
figured to contact a surface of at least one of the bone bodies
to provide a stop during insertion of the interbody device
between the bone bodies.

17. The interbody device of claim 1, wherein the base
member is substantially U-shaped and comprising a primary
member, a secondary member angled with respect to the
primary member, and a first and second leg, the first and
second legs configured to fit between end portions of the bone
bodies.

18. The interbody device of claim 17, wherein the first and
second legs have apertures configured to provide bone growth
therethrough.

19. The interbody device of claim 1, wherein the plurality
of interface members have elongation oriented in the same
direction as the elongation of the slot and the bone fastener is
located within the slot so that the bone fastener travel matches
penetration subsidence of the plurality of interface members
into the bone body.

20. The interbody device of claim 1, wherein the dimen-
sional extension of the plurality of interface members is
matched to be the same as the elongation dimension of the slot
such that bone fastener reaches an end of the slot as the
dimensional extension of the plurality of interface members
completes penetration into the bone body.

21. The interbody device of claim 1, wherein relative slid-
ing movement and relative pivoting movement occurs
between at least one of the plurality of bone fasteners and the
base member during the controlled subsidence.

22. The interbody device of claim 1, wherein no relative
sliding movement occurs between at least one fastener and
the base member.

23. The interbody device of claim 1, wherein no relative
sliding movement occurs between at least some of the plural-
ity of bone fasteners and the base member.
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24. The interbody device of claim 1, wherein the controlled
subsidence is associated with a dimension of penetration of at
least one interface member into the bone body, and at least
one bone fastener having a dimension of displacement rela-
tive to the base member that is within a range that includes no
displacement and also does not include a dimension of dis-
placement that equals the dimension of penetration.

25. The interbody device of claim 1, wherein at least one
interface member has a dimension that is adapted to be fully
penetrated into the bone body at some point along the con-
trolled subsidence.

26. The interbody device of claim 25, wherein the at least
one interface member is adapted to be fully penetrated into
the bone body at completion of the controlled subsidence.

27. The interbody device of claim 1, wherein relative slid-
ing movement occurs between at least one fastener and the
base member as at least part of the movement during the
controlled subsidence, and the relative sliding is arrested at
some point along the controlled subsidence.

28. The interbody device of claim 27, wherein the relative
sliding is arrested at completion of the controlled subsidence.

29. The interbody device of claim 1, wherein the interface
members are located only on a single side of the base member
and extend from a surface of the base member only toward the
bone body and the device does not include any interface
members located on an opposite side of the base member.

30. The interbody device of claim 1, wherein the device is
configured to provide that the movement of one the plurality
of bone fasteners includes both sliding movement and tog-
gling movement.

31. An interbody device comprising:

a base member configured for insertion between two adja-

cent bone bodies;
controlled subsidence means extending from the base
member, the controlled subsidence means configured to
provide controlled penetration of the base member into
at least one of the bone bodies over a period of time
subsequent to the insertion between the bone bodies; and

means for fastening the base member to the two adjacent
bone bodies;

wherein the means for fastening and the controlled subsid-

ence means includes a bone screw located in an elongate
slot through the base member and moving along the
elongation of the slot during the subsidence.

32. The interbody device of claim 31, further comprising
restraining means secured to the base member which engages
the bone screw for restricting movement of the bone screw,
wherein the restraining means is configured to restrictively
permit at least one of a sliding and toggling movement of the
bone screw when secured to the base member including per-
mitting the bone screw to restrictively slide along the slot.

33. The interbody device of claim 31, wherein the con-
trolled subsidence means includes an interface member for
penetration into one of the bone bodies during the subsidence,
and the bone screw is located within the slot so the screw
movement to an end of the slot coincides with complete
penetration of the interface member into the bone body.

34. The interbody device of claim 31, wherein the move-
ment along the slot is relative sliding movement.

35. The interbody device of claim 31, wherein the means
for fastening includes a plurality of bone fasteners, and no
relative sliding movement occurs between at least some of the
plurality of bone fasteners and the base member.

36. The interbody device of claim 31, wherein the means
for fastening includes a plurality of bone fasteners, and no
relative sliding movement occurs between at least some of the
bone fasteners and the base member.

Page 24 of 27



US 7,985,255 B2

15

37. The interbody device of claim 31, wherein the con-
trolled penetration is associated with a dimension of penetra-
tion of at least one interface member into the bone body, and
the means for fastening including at least one bone fastener
having a dimension of displacement relative to the base mem-
ber that is within a range that includes no displacement and
also does not include a dimension of displacement that equals
the dimension of penetration.

38. The interbody device of claim 31, wherein the con-
trolled subsidence means includes at least one interface mem-
ber that has a dimension that is adapted to be fully penetrated
into the bone body at some point along the controlled subsid-
ence.

39. The interbody device of claim 38, wherein the at least
one interface member is adapted to be fully penetrated into
the bone body at completion of the controlled subsidence.

40. The interbody device of claim 31, wherein the move-
ment along the slot is arrested at some point along the con-
trolled subsidence.

41. The interbody device of claim 40, wherein the relative
sliding is arrested at completion of the controlled subsidence.

42. The interbody device of claim 31, wherein the means
for fastening and the controlled subsidence means includes
bone screws that number exactly three, the device further
includes a restraining plate that restricts movement of the
bone screws, and the restraining plate includes a U-shaped
notch curved outwardly towards an edge of the restraining
plate, with at least a portion of one of the bone screws located
within the U-shaped notch and moving within the U-shaped
notch during the movement of the bone screw along the slot
during controlled subsidence.

43. The interbody device of claim 31, wherein the interface
members are located only on a single side of the base member
and extend from a surface of the base member only toward
one of the bone bodies and do not extend toward the other of
the bone bodies.

44. The interbody device of claim 31, wherein at least one
of'the interference members are substantially symmetrical in
each of two perpendicular directions.

45. The interbody device of claim 31, wherein at least one
of the interference members applies substantially symmetri-
cal penetration force to the at least one of the bone bodies
during the controlled penetration.

46. The interbody device of claim 31, wherein the device is
configured to provide that the movement of the bone fastener
includes both sliding movement and toggling movement.

47. An interbody device comprising:

a base member configured for insertion between two adja-

cent bone bodies, the base member comprising:

a plurality of interface members extending from a sur-
face of the base member, the plurality of interface
members configured to provide a controlled penetra-
tion of the base member into at least one surface of at
least one of the body bodies over a period of time
subsequent to the insertion between the two bone
bodies;

at least one angled hole extending therethrough for
receiving a bone fastener; and

at least one elongated slot extending therethrough for
receiving a bone fastener, the elongated slot config-
ured to permit the corresponding bone fastener to
slide within the slot, the at least one elongated slot
being of a different configuration from the at least one
angled hole.

48. The interbody device of claim 47, wherein the at least
one angled hole is configured to permit the corresponding
bone fastener to toggle within the angled hole, with the piv-
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oting of the corresponding bone fastener in the at least one
angled hole being different from the sliding of the corre-
sponding bone fastener within the elongated slot.

49. The interbody device of claim 47, wherein the at least
one angled hole is configured to direct the corresponding
bone fastener through an end surface of one of the bone
bodies.

50. The interbody device of claim 49, wherein the at least
one elongated slot is configured to direct the corresponding
bone fastener through a top surface of the other of the bone
bodies.

51. The interbody device of claim 47, further comprising a
retaining plate secured to the base member via a fastener to
mitigate backing out of the bone fasteners from the bone
bodies, and including a portion engaging the corresponding
bone fastener extending through the elongated slot, the bone
fastener sliding along the retaining plate during sliding of the
bone fastener within the elongated slot to provide resistance
to the sliding with the sliding along the retaining plate being
the same as the sliding along the elongated slot.

52. The interbody device of claim 51, wherein the retaining
plate includes a surface having at least one rounded notch
formed therein that corresponds to a position of the bone
fastener provided through the at least one angled hole, the at
least one rounded notch permitting toggling of the bone fas-
tener within the at least one angled hole while preventing
backing out of the bone fastener from the bone body.

53. The interbody device of claim 51, wherein the retaining
plate includes a surface having at least one U-shaped notch
formed therein that corresponds to a position of the bone
fastener provided through that at least one elongated slot, the
at least one U-shaped notch permitting sliding of the bone
fastener within the slot while preventing backing out of the
bone fastener from the bone body.

54. The interbody device of claim 47, wherein a sliding
extent of the bone screw within the elongate slot corresponds
to a penetration extent of the plurality of interface members
into the at least one of the body bodies.

55. The interbody device of claim 47, further comprising at
least one bone fastener that does not slide relative to the base
member.

56. The interbody device of claim 47, wherein the con-
trolled subsidence is associated with a dimension of penetra-
tion of at least one interface member into the bone body, and
the bone fastener slides within the slot for at least a portion of
a distance that corresponds to the dimension of penetration.

57. The interbody device of claim 56, wherein the bone
fastener slides within the slot for the distance that corresponds
to the dimension of penetration.

58. The interbody device of claim 47, wherein at least one
interface member is adapted to be fully penetrated into the
bone body at a point during the controlled subsidence.

59. The interbody device of claim 58, wherein the point of
full penetration is at completion of the controlled subsidence.

60. The interbody device of claim 58, wherein sliding of
the bone fastener within the slot is arrested at some point
along the controlled subsidence.

61. The interbody device of claim 60, wherein the sliding is
arrested at completion of the controlled subsidence.

62. The interbody device of claim 47, wherein the interface
members are located only on a single side of the base member
and extend from the surface of the base member only toward
one of the bone bodies and do not extend toward the other of
the bone bodies.

63. The interbody device of claim 47, wherein at least one
of'the interference members are substantially symmetrical in
each of two perpendicular directions.
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64. The interbody device of claim 47, wherein at least one
of the interference members applies substantially symmetri-
cal penetration force to the at least one of the bone bodies
during the controlled penetration.

65. A device for fixation and support of bone bodies com-
prising:

a body configured to interface with two or more bone

bodies and having an elongate slot; and

at least one interface member extending from the body;

at least one fastener extending lengthwise transversely

through the elongate slot;

wherein the at least one interface member and the at least

one fastener are configured to provide a controlled sub-
sidence of the body into at least one of the two or more
bone bodies over a period of time subsequent to implan-
tation between the bone bodies, including relative slid-
ing movement between the at least one fastener and the
body such that the at least one fastener moves transverse
to a direction of its length along the elongation of the
elongate slot.

66. The device of claim 65, wherein the configuration of
the at least one interface member affects a relationship
between an applied load by the at least one interface member
and an amount of settling of the at least one interface member
into the at least one of the two or more bone bodies.

67. The device of claim 65, wherein the height of the at
least one interface member determines a depth of penetration
into the one of the two or more bone bodies.

68. The device of claim 65, wherein an interface between
the body and the at least one interface member includes a
shelf-like area to increase subsidence resistance when the at
least one interface member has fully subsided into the one of
the two or more bone bodies.

69. The device of claim 68, wherein the at least one fastener
includes a bone screw located in a slot through the body, the
slot having an end and the bone screw being at the end when
the at least one interface member has fully subsided into the
one of the two or more bone bodies.

70. The device of claim 65, wherein the at least one inter-
face member includes at least one tooth such that as the tooth
becomes wider in cross section, the tooth is adapted such that
penetration of the tooth into the at least one bone body will
become slower.

71. The device of claim 65, wherein the at least one bone
fastener non-pivotally slides along the elongate slot in the
body.

72. The device of claim 71, wherein the at least one bone
fastener includes a plurality of bone fasteners and for at one of
which no relative sliding movement occurs relative to the
body.

73. The device of claim 72, wherein for the plurality of
bone fasteners at least two of the bone fasteners have no
relative sliding relative to the body.

74. The interbody device of claim 72, wherein the at least
one bone fastener includes a plurality of bone fasteners and no
relative sliding occurs between at least one of plurality of
bone fasteners and the base member during the progressive
penetration.

75. The device of claim 65, wherein the controlled subsid-
ence is associated with a dimension of penetration of at least
one interface member into the bone body, and a dimension of
displacement of the at least one fastener relative to the body
that is within a range that includes no displacement and also
does not include a dimension of displacement that equals the
dimension of penetration.
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76. The device of claim 65, wherein at least one interface
member has a dimension that is adapted to be fully penetrated
into the bone body at some point along the controlled subsid-
ence.

77. The device of claim 76, wherein the at least one inter-
face member is adapted to be fully penetrated into the bone
body at completion of the controlled subsidence.

78. The device of claim 65, wherein the relative sliding is
arrested at some point along the controlled subsidence.

79. The device of claim 78, wherein the relative sliding is
arrested at completion of the controlled subsidence.

80. A device for fixation and support of bone bodies com-
prising:

means for interfacing between two or more bone bodies;

and

means for providing a controlled subsidence of the device

into at least one of the two or more bone bodies in
accordance with a desired subsidence profile over a
period of time subsequent to the implantation the two
bone bodies;

wherein the means for providing a controlled subsidence

and the means for interfacing include a bone screw
located in an elongate slot for retaining the device to one
of the bone bodies and an interface member for penetra-
tion into one of the bone bodies, the elongate slot having
an end and a desired subsidence profile ends when the
interference member is at a maximum penetration and
the bone screw is at the end of the slot.

81. The device of claim 80, wherein the means for inter-
facing includes a base member with the slot being located in
the base member at alocation extending along one of the bone
bodies at a location facing away from the other of the bone
bodies.

82. The device of claim 81, wherein relative sliding move-
ment occurs between the bone screw and the base member
during the controlled subsidence, with the bone screw having
an elongation and the sliding of the bone screw being trans-
verse to the direction of elongation of the bone screw.

83. The device of claim 81, wherein a second bone screw is
provided and the first bone screw and the second bone screw
interact differently with the base member to provide that no
relative sliding movement occurs between the second bone
screw and the base member.

84. The device of claim 83, wherein a third bone screw is
provided and the first bone screw and the third bone screw
interact differently with the base member to provide that no
relative sliding movement occurs between the third bone
screw and the base member.

85. The device of claim 80, wherein the means for provid-
ing controlled subsidence includes means for penetrating into
the at least one of the two or more bone bodies during relative
movement of the two or more bone bodies.

86. The device of claim 85, wherein at least one of the
interference members are substantially symmetrical in each
of two perpendicular directions.

87. The device of claim 85, wherein at least one of the
interference members applies substantially symmetrical pen-
etration force to the at least one of the bone bodies during the
controlled penetration.

88. The device of claim 80, wherein the means for inter-
facing includes a body of the device, and the means for
providing controlled subsidence includes a plurality of
screws that move relative to the body of the device during
relative movement of the two or more bone bodies.

89. The device of claim 80, wherein the means for provid-
ing a controlled subsidence and the means for interfacing
include a bone screw includes exactly three bone screws, the
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device further includes a restraining plate that restricts move-
ment of the bone screws, and the restraining plate includes a
U-shaped notch curved outwardly towards an edge of the
restraining plate, with at least a portion of the bone screw
extending through the slot being located within the U-shaped
notch and moving within the U-shaped notch during the slid-
ing of the bone screw along the slot during controlled subsid-
ence.

90. A device for securing two adjacent spinal vertebrae, the
device comprising:

a body for implantation at a location between the two

vertebrae, an aperture provided in the body;

at least one protrusion extending from the body for engage-

ment with one ofthe vertebrae upon implantation and for
progressive penetration into the vertebra over a period of
time subsequent to the implantation; and

at least one bone fastener extending through the aperture in

the body and the body and the at least one bone fastener
configured for relative sliding movement between the at
least one bone fastener and the body during the con-
trolled subsidence, the sliding is non-pivoting move-
ment.

91. The device as set forth in claim 90, wherein the protru-
sion extends from the body in a direction that is aligned with
an elongate direction of the spine.

92. The device as set forth in claim 91, wherein the protru-
sion is configured to provide increased resistance to penetra-
tion as the protrusion penetrates into the vertebra.

93. The device as set forth in claim 90, wherein the protru-
sion is configured to provide increased resistance to penetra-
tion as the protrusion penetrates into the vertebra.

94. The device of claim 90, wherein the at least one bone
fastener includes a bone screw located and the aperture
includes a slot, the bone screw for retaining the device to one
of the two vertebrae, wherein the duration of the period of
time for progressive penetration extends while the bone screw
is sliding and until the protrusion is fully penetrated into the
one vertebra and the screw is at an end of the slot.
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95. The device of claim 90, wherein the at least one bone
fastener includes first and second bone fasteners, the first
bone fastener is configured for the sliding movement relative
to the body during the controlled subsidence, and the first
bone fastener and the second bone fastener interact differ-
ently with the body to provide that no relative sliding move-
ment occurs between the second bone fastener and the body.

96. The device of claim 95, wherein the at least one bone
fastener further includes a third bone fastener, and the first
bone fastener and the third bone fastener interact differently
with the body to provide that no relative sliding occurs
between the third bone fastener and the body.

97. An interbody device for securing two adjacent bone
members, the device comprising:

a base member for implantation at a location between the

two bone members; and

means for maintaining the base member within the implant

location between the bone members;

wherein the means for maintaining includes at least one

bone fastener extending through an elongate aperture
provided in the base member for securing into one of the
bone members at a point outside of the location between
the two bone members, the base member includes at
least one protrusion for engagement with one of the bone
members upon implantation and for progressive pen-
etration over a period of time subsequent to the implan-
tation, relative sliding movement occurs between the at
least one bone fastener and the base member during the
progressive penetration, the relative sliding includes the
at least one bone fastener and the point of the securing of
the at least one bone fastener relative to the elongate
aperture.

98. The interbody device of claim 97 further including a
bone fastener for securing into one of the bone members at a
point within the location between the two bone members and
that has no relative sliding movement during the progressive
penetration.

Page 27 of 27





