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Spinal implants with engineered cellular structure and internal imaging markers

Abstract

The embodiments provide spinal fusion devices such as interbody fusion and vertebral replacement
devices for insertion into a patient's intervertebral disc space for restoring disc height, or for treating
a de�cient vertebral column by replacing and restoring the bony anatomy respectively. These fusion
devices may be provided with an engineered cellular structure component to support biological
activity and promote new bone growth. In addition, these fusion devices can also include internal
imaging markers that allow the user to properly align the device and generally facilitate insertion.
The imaging marker shows up as a solid body amongst the mesh under x-ray, �uoroscopy, CT scan,
or other visualization techniques.
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Claims

What is claimed is:

1. A spinal fusion device comprising: a main body comprising a solid metal framework, at least one external surface panel comprising an engineered cellular structure having a
mesh-like appearance, and internally located imaging marker, the device being a unitary body; wherein the imaging marker is con�gured to appear as a solid body under
visualization.

2. The device of claim 1, wherein the device is one of a PLIF, TLIF, CIF, ALIF, LLIF or OLIF cage, or a vertebral replacement device.

3. The device of claim 1, wherein the imaging marker is rod-shaped.

4. The device of claim 1, wherein the imaging marker is T-shaped.

5. The device of claim 1, further comprising a pair of imaging markers.

6. The device of claim 5, wherein the pair of imaging markers overlap.

7. The device of claim 1, wherein the imaging marker is cross-shaped.

8. The device of claim 1, wherein the imaging marker comprises a rounded bead.

9. The device of claim 1, wherein the imaging marker comprises an H-shape.

10. The device of claim 1, wherein the imaging marker comprises a V-shaped notch.

11. The device of claim 1, wherein the imaging marker comprises a X-Y-Z coordinate axis.

12. The device of claim 1, wherein the imaging marker comprises a solid column.

13. The device of claim 1, wherein the device is formed of titanium, tantalum, barium, or an alloy thereof, or a printable ceramic.

14. The device of claim 1, wherein the visualization comprises x-ray, �uoroscopy, or CT scan.

15. An interbody spinal fusion device comprising: a main body comprising a solid metal framework, at least one external surface panel comprising an engineered cellular
structure having a mesh-like appearance, and an internally located imaging marker, the device being a unitary body; wherein the imaging marker is con�gured to appear as a
solid body under visualization.

16. The device of claim 15, wherein the device is one of a PLIF, TLIF, CIF, ALIF, LLIF or OLIF cage.
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Description

SPINAL IMPLANTS WITH ENGINEERED CELLULAR STRUCTURE

AND INTERNAL IMAGING MARKERS

CROSS-REFERENCE TO RELATED APPLICATIONS This application claims priority to U.S. Provisional Patent Application Serial No.

62/116,243, �led February 13, 2015, the entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION The present disclosure relates to orthopedic implants, and more particularly to spinal implants that facilitate fusion of bone, such as interbody
fusion cages for fusing adjacent vertebral segments of a spine, or vertebral body replacement (VBR) implants for replacing entire vertebral bodies. Even more particularly,
the present disclosure relates to such spinal fusion implants having an engineered, porous cellular structure for enhanced osteosynthesis, and an internal imaging marker
for ease and precision of navigation and implantation.

BACKGROUND OF THE INVENTION

The use of fusion-promoting interbody implantable devices, often referred to as fusion or spinal cages, is well known as the standard of care for treatment of certain
spinal disorders or diseases. Depending on the particular disorder or disease, it may be necessary to stabilize a weakened or damaged spinal region by reducing or
inhibiting mobility in the area to avoid further progression of the damage and/or to reduce or alleviate pain caused by the damage or injury. In other cases, it is desirable
to join together the damaged vertebrae and/or induce healing of the vertebrae. Vertebral body replacement (VBR) implants are known to be used to bridge large
anatomical abnormalities between non-adjacent vertebral bodies. Typically, these types of implantable spinal fusion devices comprise metal framework that provides the
necessary mechanical or structural scaffold to restore and maintain normal disc height, or replace the diseased vertebral segment of the spine.

Many in-vitro and in-vivo studies on bone healing and fusion have shown that porosity is necessary to allow vascularization, and that the desired infrastructure for
promoting new bone growth should have a porous interconnected pore network with surface properties that are optimized for cell attachment, migration, proliferation
and differentiation. At the same time, there are many who believe the implant's ability to provide adequate structural support or mechanical integrity for new cellular
activity is the main factor to achieving clinical success, while others emphasize the role of porosity as the key feature. Regardless of the relative importance of one

17. The device of claim 15, wherein the imaging marker is rod-shaped.

18. The device of claim 15, wherein the imaging marker is T-shaped.

19. The device of claim 15, further comprising a pair of imaging markers.

20. The device of claim 19, wherein the pair of imaging markers overlap.

21. The device of claim 15, wherein the imaging marker is cross-shaped.

22. The device of claim 15, wherein the imaging marker comprises a rounded bead.

23. The device of claim 15, wherein the imaging marker comprises an H- shape.

24. The device of claim 15, wherein the imaging marker comprises a V- shaped notch.

25. The device of claim 15, wherein the imaging marker comprises a X-Y-Z coordinate axis.

26. The device of claim 15, wherein the imaging marker comprises a solid column.

27. The device of claim 15, wherein the device is formed of titanium, tantalum, barium, or an alloy thereof, or a printable ceramic.

28. The device of claim 15, wherein the visualization comprises x-ray, �uoroscopy, or CT scan.

29. A vertebral replacement device comprising: a main body comprising a solid metal framework, at least one external surface panel comprising an engineered cellular structure
having a mesh-like appearance, and an internally located imaging marker, the device being a unitary body; wherein the imaging marker is con�gured to appear as a solid body
under visualization.

30. The device of claim 29, wherein the imaging marker is rod-shaped.

31. The device of claim 29, wherein the imaging marker is T-shaped.

32. The device of claim 29, further comprising a pair of imaging markers.

33. The device of claim 32, wherein the pair of imaging markers overlap.

34. The device of claim 29, wherein the imaging marker is cross-shaped.

35. The device of claim 29, wherein the imaging marker comprises a rounded bead.

36. The device of claim 29, wherein the imaging marker comprises an H- shape.

37. The device of claim 29, wherein the imaging marker comprises a V- shaped notch.

38. The device of claim 29, wherein the imaging marker comprises a X-Y-Z coordinate axis.

39. The device of claim 29, wherein the imaging marker comprises a solid column.

40. The device of claim 29, wherein the device is formed of titanium, tantalum, barium, or an alloy thereof, or a printable ceramic.

41. The device of claim 29, wherein the visualization comprises x-ray, �uoroscopy, or CT scan.
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aspect in comparison to the other, what is clear is that both structural integrity to stabilize, as well as the porous structure to support cellular growth, serve as key
components to proper and sustainable bone regrowth.

Current manufacturing techniques now allow greater freedom to customize implantable devices to the user or patient's needs. Techniques such as three-dimensional
(3D) printing, selective laser melting (SLM), electron beam melting (EBM), layer deposition, rapid manufacturing, and other comparable manufacturing techniques
available today allow these implants to possess a variety of features not otherwise possible in years past. In some cases, the implants may be manufactured such that a
unitary body can comprise a solid portion integrated with a non-solid, or porous, portion. This type of structure could mimic a natural bone structure to enhance fusion
and improve clinical outcomes.

Thus, it is desirable to provide an implant that has the necessary mechanical strength or structural integrity to restore disc height or vertebral alignment to the spinal
segment to be treated, as well as interconnected pores and other surface features to allow proper cellular activity and ultimately fusion of that segment. Even more
desirable would be an implant as described, with internal imaging markers, to help the user navigate through visualization techniques and properly align the implant
during insertion.

Although the following discussion focuses on spinal implants or prostheses, it will be appreciated that many of the principles may equally be applied to other structural
body parts requiring bone repair or bone fusion within a human or animal body.

SUMMARY

The present disclosure provides spinal fusion devices, such as interbody fusion and vertebral replacement devices. These devices are con�gured for insertion into a
patient's intervertebral disc space for restoring disc height, or for treating a de�cient vertebral column by replacing and/or restoring the bony anatomy, respectively. These
fusion devices may be provided with an engineered cellular structure component, which means they can have an interconnected network of pores and other micro and/or
nano sized structures that take on a mesh-like con�guration or appearance. In addition, these fusion devices can also include internal imaging markers that allow the
user to properly align the device and generally facilitate insertion through visualization during navigation. The imaging marker may be con�gured to be visualized as a
solid body relative to the mesh-like structure under x-ray, �uoroscopy or CT scan, for example. In one exemplary embodiment, a spinal fusion device is provided. The
spinal fusion device may comprise a main body comprising a solid metal framework, at least one external surface panel comprising an engineered cellular structure
having a mesh-like appearance, and an internally located imaging marker, the device being a unitary body, wherein the imaging marker is con�gured to appear as a solid
body under visualization techniques such as x-ray, �uoroscopy, or CT scan. The spinal fusion device may be one of a PLIF, TLIF, CIF, ALIF, LLIF or OLIF cage, or a vertebral
replacement device. The spinal fusion device may be inserted into a patient's intervertebral disc space for restoring disc height to the spinal column. The imaging marker
may be rod-shaped or T-shaped. The device may include a pair of imaging markers and in some embodiments, the markers may overlap. The imaging marker may be
cross-shaped or H-shaped, comprise a rounded bead, a V-shaped notch, an X-Y-Z coordinate axis, or a solid column. The device may be formed of titanium, tantalum,
barium, or an alloy thereof, or a printable ceramic.

In another exemplary embodiment, an interbody fusion cage is provided. The interbody fusion cage may comprise a main body comprising a solid metal framework, at
least one external surface panel comprising an engineered cellular structure having a mesh-like con�guration or appearance, and an internally located imaging marker,
the device being a unitary body, wherein the imaging marker is con�gured to appear as a solid body under visualization techniques such as x-ray, �uoroscopy, or CT scan .
The spinal fusion device may be one of a PLIF, TLIF, CIF, ALIF, LLIF or OLIF cage. The interbody fusion device may be inserted into a patient's intervertebral disc space for
restoring disc height to the spinal column. The imaging marker may be rod-shaped or T- shaped. The device may include a pair of imaging markers and in some
embodiments, the markers may overlap. The imaging marker may be cross-shaped or H-shaped, comprise a rounded bead, a V-shaped notch, an X-Y-Z coordinate axis, or
a solid column. The device may be formed of titanium, tantalum, barium, or an alloy thereof, or a printable ceramic.

In still another exemplary embodiment, a vertebral replacement device is provided. The vertebral replacement device may comprise a main body comprising a solid metal
framework, at least one external surface panel comprising an engineered cellular structure having a mesh-like appearance, and an internally located imaging marker, the
device being a unitary body, wherein the imaging marker is con�gured to appear as a solid body under visualization techniques such as x-ray, �uoroscopy, or CT scan. The
vertebral body replacement device may be used for replacement of a de�cient vertebral corpus or corpora of a spinal column. The imaging marker may be rod-shaped or
T-shaped. The device may include a pair of imaging markers and in some embodiments, the markers may overlap. The imaging marker may be cross-shaped or H-
shaped, comprise a rounded bead, a V-shaped notch, an X-Y-Z coordinate axis, or a solid column. The device may be formed of titanium, tantalum, barium, or an alloy
thereof, or a printable ceramic.

It is to be understood that both the foregoing general description and the following detailed description are exemplary and explanatory only and are not restrictive of the
disclosure. Additional features of the disclosure will be set forth in part in the description which follows or may be learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this speci�cation, illustrate several embodiments of the disclosure and together with the
description, serve to explain the principles of the disclosure.

FIG. 1 shows a series of electron microscopic pictures with various

magni�cations of surface features of the implantable devices of the present disclosure, in which:

FIG. 1 A shows a network of macropores;

FIG. IB shows a network of microstructures including surface roughness; and FIG. 1C shows a network of nanostructures.

FIG. 2 shows an exemplary embodiment of an interbody fusion cage for the cervical spine, in which:

FIG. 2A shows a perspective side view; and

FIG. 2B shows a perspective posterior view. FIG. 3 shows an exemplary embodiment of a cervical cage of the present disclosure, in which:

FIG. 3 A shows a perspective view of the cervical cage comprising a solid external shell component and an internal engineered cellular component with internal imaging
markers; and

FIG. 3B shows the internal engineered cellular component without the solid external shell component.

FIG. 4 shows exemplary embodiments of various internal imaging markers useful with the interbody fusion devices of the present disclosure, in which:

FIGS. 4 A to 4F illustrate various exemplary embodiments of internal imaging markers that differ in size, location and quantity for use in the devices of the present
disclosure.
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FIG. 5 shows an exemplary embodiment of a posterior lumbar interbody fusion device (PLIF) of the present disclosure, in which:

FIG. 5A is a partial cutaway perspective view of the posterior lumbar interbody fusion device;

FIG another perspective view of the device of FIG. 5 A;

FIG 5C is a partial cutaway side view of the device of FIG. 5 A;

FIG 5D is a side view of the device of FIG. 5C;

FIG 5E is a partial cutaway top-down view of the solid model of FIG. 5 A; and

FIG another top-down view of the solid model of FIG. 5E.

FIG. 6 shows an exemplary embodiment of a cervical interbody fusion (CIF) having a metal framework and integrated mesh-like structure, in which: FIG. 6A shows a
perspective view of a metal framework of an exemplary embodiment of a cervical interbody fusion (CIF) device;

FIG. 6B is another perspective view of the metal framework of FIG. 6A;

FIG. 6C shows a partial cutaway view of the metal framework and integrated mesh-like structure of the device of FIG. 6 A;

FIG. 6D is another perspective view of the device of FIG. 6C;

FIG 6E shows a partial cutaway top-down view of the device of FIG. 6 A;

FIG. 6F shows another perspective view of the device of FIG. 6 A.

FIG. 7 shows an exemplary embodiment of a transforaminal lumbar interbody fusion (TLIF) device; in which:

FIG. 7A is a perspective view of an exemplary embodiment of a transforaminal lumbar interbody fusion (TLIF) device, in which:

FIG. 7B shows a top view of the device of FIG. 7 A;

FIG. 7C shows a partial cutaway side view of the device of FIG. 7 A; and FIG. 7D shows another partial cutaway side view from a different angle of the device of FIG. 7 A.

DESCRIPTION OF THE EMBODIMENTS

The present disclosure provides various spinal fusion devices, such as interbody fusion devices, or cages, for insertion between adjacent vertebrae, or vertebral body
replacement devices for replacement of a de�cient vertebral corpus or corpora of a spinal column. The devices can be con�gured for use in either the cervical or lumbar
region of the spine. These cages and replacement devices can restore and maintain intervertebral height of the spinal segment to be treated. The devices may be
manufactured using selective laser melting (SLM) techniques, a form of additive manufacturing. The devices may also be manufactured by other comparable techniques,
such as for example, 3D printing, electron beam melting (EBM), layer deposition, and rapid manufacturing. With these production techniques, it is possible to create an
all-in-one combined solid and porous product. For example, the cages and replacement devices can be made with an engineered cellular structural component that
includes a network of pores,

microstructures and nanostructures to facilitate osteosynthesis. As mentioned, the devices of the present disclosure can have an engineered cellular structural
component that is integrated within a solid metal framework or body. This cellular structural component can take various forms. Referring now to FIG. 1, a series of
electron microscopic pictures show various features that can be a part of the cellular structural component. For example, as shown in FIG. 1 A, the devices may have a
network of pores, and more speci�cally a network of macropores. In addition, the surface may be roughened as shown in FIG. IB to provide a microstructure that can be
porous and facilitate adhesion of cells to enhance bioactivity. As also shown in FIG. 1C, the cellular structural component can include nanostructures. These
nanostructures may be achieved by chemical surface treatments or with roughened surfaces, particularly metal or metal-alloy surfaces. The combination of varying sized
structures and pores helps facilitate osteosynthesis. In addition, the combination of the various features creates a mesh-like network that is suitable for bone growth.

FIG. 2 shows an exemplary embodiment of an interbody fusion cage 10 con�gured for the cervical spine having an engineered cellular structural component, as
described above. It is relevant to note in both FIGS. 2A and 2B that the engineered cellular structural component 24 is integral with the solid body framework or structure
20 of the device 10. In other words, these are unitary body devices that have been speci�cally created to have a roughened, porous surface on certain portions of the
device to allow for bony ingrowth into the devices. As shown, the cervical fusion cage 10 comprises a solid body portion 20 and an integrated mesh-like component 24.
The mesh- like component 24 is seen as a plurality of porous panels on the outer surface of the device 10, with the solid body portion 20 bordering around the panels.
These panels may be con�gured to face external to the device 10 in order to facilitate bony ingrowth.

However, the device 10 is an integral, unitary body and the mesh-like component 24 may be formed within the solid body portion 20. Slots or grooves 26 may be provided
for gripping with an insertion tool or instrument.

These devices take advantage of current manufacturing techniques that allow for greater customization of the devices by creating a unitary body having both solid and
porous features in one. These same manufacturing techniques may be employed to provide these devices with an internal imaging marker. A device may comprise a
single marker, or a plurality of markers. These internal imaging markers greatly facilitate the ease and precision of implanting the devices, since it is possible to
manufacture the device with one or more internally embedded markers for improved visualization during navigation and implantation.

As shown in FIG. 3, the markers 30 may comprise solid body structures that are strategically located within the spinal devices, within the interior of the device, and in
some cases in proximity to the mesh-like engineered cellular structural component or panel 24. The markers 30 may be visualized under X-ray, �uoroscopy, CT scan, or
other known visualization techniques. In this sense, the marker 30 may not only be a solid metal body, but the 30 markers could also be a particular shape or geometry
(pattern of bodies), such as a 3D shape, or a shape suitable for coordinate mapping under navigation. For instance, in FIGS. 3A and 3B, in a cutaway view of an exemplary
cervical cage 10 comprising a solid external shell component 20 and an internal engineered cellular component 24 with internal imaging markers 30, the markers 30 may
be rounded beads, and located around the perimeter of the device body 10, to assist the surgeon in aligning the device during the implantation process. These beads 30
would show up under visualization during navigation, such as in x-rays, for example, providing the surgeon a reference framework for locating and ultimately placing the
device in situ. Suitable materials for the devices, and accordingly for the imaging markers as well since they are all an integral unit, include medical grade metals such as
titanium, barium, tantalum, and other known metals and their alloys (typically in powder form), as well as ceramics (e.g., printable ceramic materials), that are able to be
utilized by the production or

manufacturing techniques described above such as selective laser melting or other printing processes.
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The markers may take various shapes and forms individually, and various geometries or patterns when more than one marker is provided, as shown in FIG. 4. FIG. 4A
suggests that the marker may take a cruciform or cross shape. FIG. 4B suggests that the marker may be a simple X-Y-Z coordinate axis. FIG. 4C suggests that you may
use two or more markers together, such as in a cluster, wherein each marker comprises a circle such that the identi�cation of a circle on X-ray examination would
suggest that the device is perpendicular. FIG. 4D suggests that the marker may be an H-frame. FIG. 4E suggests that the markers may be an "O" or "X". These types of
structures can be used as orientation guides. For example, when the user sees a perfect circle under x-ray, the user can assume that the device is in a perpendicular
orientation. FIG. 4F suggests that a combination of markers may cooperatively work together to produce the desired result, which is the proper orientation of the device in
situ.

A variety of spinal implants may be provided by the present disclosure, including interbody fusion cages and/or vertebral body replacement devices for use in either the
cervical or lumbar region of the spine. Although only a cervical cage 10 is illustrated with an engineered cellular structure, it is contemplated that the following interbody
fusion cages shown in FIG. 5, 6 and 7 (corresponding to a posterior lumbar interbody fusion (PLIF) device, a cervical interbody fusion (CIF) device, and a transforaminal
lumbar interbody fusion (TLIF) device, respectively) would also have the same type of cellular structural component. However, merely for convenience of the reader to
visualize the concepts of the present disclosure, the following drawings illustrate the solid body shell of these devices for better visualization. It is to be understood that
the exemplary devices shown in the drawings would have an integrated mesh-like engineered cellular structure or component in its �nal form, and that the cellular
component is omitted for purposes of illustration only. Further, the principles of the present disclosure apply to other forms of interbody fusion cages not illustrated here,
such as anterior lumbar interbody fusion (ALIF) cages, lateral lumbar interbody fusion (LLIF) cages, and oblique lumbar interbody fusion (OLIF) cages as well as in
vertebral replacement devices, created with the aforementioned production methods.

FIGS. 5A to 5F illustrate various views of an exemplary posterior lumbar interbody fusion (PLIF) cage 110 of the present disclosure. In this embodiment, the marker 130
may comprise a T-bar located within the interior of the device 110. Since the drawings omit the mesh-like engineered cellular component, the marker 130 appears to be
unattached to the rest of the cage body; however, as previously mentioned this is not the case in the cage's �nal form as the mesh-like structure will be integral with the
marker 130 and the solid body frame 120 of the device 110. A slot or threaded bore 126 may be provided for attachment to an insertion tool or instrument. FIGS. 6 A to
6F illustrate various views of an exemplary cervical interbody fusion

(CIF) cage 210 of the present disclosure. The metal framework can be similar to the one shown in the devices of FIG. 2. In this embodiment, the markers 230 may
comprise a pair of solid metal columns. The markers 230 are attached to the solid body frame component 220 of the cage 210 by the engineered cellular structure 224
(indicated by the broken line). Slots or grooves 226 may be provided to allow an insertion tool or instrument to grab the device for implantation.

FIGS. 7A to 7D illustrate various views of an exemplary transforaminal lumbar interbody fusion (TLIF) cage 310 of the present disclosure. In this embodiment, the marker
330 may comprise a cross (FIG. 7C) or a pair of opposed V-notches (FIG. 7D). The marker(s) 330 are connected to the solid body frame component 320 of the cage 310
by the mesh-like engineered cellular component 320 shown in FIG. 7A.

Of course, it is understood that the marker may take a different shape or form, without departing from the spirit of the invention. In addition, the solid models depicted in
FIGS. 6, 7 and 8 are shown without the engineered cellular structure component in order to show the inside imaging marker; it is understood that these open spaces
would otherwise be closed with the engineered cellular structural component to provide a fully closed system. Likewise, there are other types of devices that could utilize
these features and accordingly, the teachings in this disclosure are not to be limited to the spine. These same principles would apply equally to other fusion promoting
devices for bony repair or regrowth, such as for orthopedic plates or screws, or any device which would bene�t from improved visualization during navigation and
implantation, and beyond such as post-operative assessments where the surgeon may want to have better visual

identi�cation of the device.

Other embodiments of the disclosure will be apparent to those skilled in the art from consideration of the speci�cation and practice of the disclosure provided herein. It is
intended that the speci�cation and examples be considered as exemplary only.
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