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(57) ABSTRACT

An implant device identifiable after implantation is pro-
vided. The implant device includes a spinal interbody
implant including an implant body including at least one
orientation marker rod. Each of the at least one orientation
marker rod has a series of physical encodings discernible by
an imaging system. The physical encodings encode a respec-
tive set of data.
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STRUCTURALLY ENCODED IMPLANT
ALIGNMENT DEVICE AND ENCODING
METHOD

RELATED APPLICATION DATA

[0001] This application claims the priority benefit of U.S.
Provisional Application Ser. No. 62/204,233, filed Aug. 12,
2015, which is hereby incorporated in its entirety herein by
reference.

FIELD OF THE INVENTION

[0002] The present invention relates to identifiable spinal
implants and, in particular, structurally encoded interbody
spinal implant assemblies.

BACKGROUND OF THE INVENTION

[0003] Medical implant devices used in surgical proce-
dures can be associated with particular information to guide
medical professionals before and after the surgical proce-
dure. Each implant device or its packaging carries a wealth
of information that is valuable to the surgeon, patient,
hospital, the implant manufacturer, medical researchers,
healthcare professionals, and medical facilities. However,
the information, which may include the implant manufac-
turer and manufacturer’s lot number, the date and location of
surgical implantation, the responsible surgeon, any medical
notes, photographs, or diagrams relating to the implant,
surgery, or condition, may not be adequate, properly
recorded, or readily accessible for beneficial use by a
healthcare professional, implant manufacturer, or medical
researcher after implantation. Problems relating to poor
implant records can lead to unnecessary delay or even
medical error by healthcare professionals. Moreover, there
are many different implant identification methods currently
in place instead of a common system to allow manufactur-
ers, distributors, and healthcare facilities and professionals
to effectively track, identify, and manage implant devices
and medical device recalls. The U.S. Food and Drug Admin-
istration recently announced a program focusing on require-
ments for unique device identifiers for every medical
implant device to address the need for a more robust implant
device identification system, the details of which are hereby
incorporated by reference herein: www.fda.gov/udi.

[0004] The present invention is an improvement upon the
technology described in U.S. applications Ser. Nos. 14/302,
133, 14/302,171, 14/302,197, 14/456,665 and 14/822,613,
which are hereby incorporated in their entirety by reference
herein.

SUMMARY OF THE INVENTION

[0005] In accordance with an aspect of the invention, an
implant device identifiable and readable after implantation is
provided comprising an implant comprising an implant
body, the implant body comprising at least one readable
element or a plurality of readable elements, such as one or
more orientation marker rods, each of the readable elements
having a surface (such as the longitudinal surface of an
orientation marker rod) having a series of physical encod-
ings, artifacts or variances, such as notches or indentations
discernible by an imaging system, and wherein the physical
encodings encode a respective set of data relating to the
implant body. While the invention may be described and
understood in the context of a spinal interbody implant with
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imaging-detectable orientation marker rods, it may be
applied to any implanted body and any such readable
elements of any shape or material, especially those where
orientation markers are used to place and assess the posi-
tioning of the implant.

[0006] The orientation of the orientation marker rods
within the implant may be varied in accordance with such
factors as the implant type, its intended function, its posi-
tioning within the patient, and the desired angle with respect
to the implant from which data-acquiring imaging is con-
ducted. Accordingly, the orientation marker rods may be
substantially parallel to one another, or perpendicular, or
otherwise placed in any desired orientation with respect to
one or more of one another based upon such application
factors.

[0007] It will be appreciated that the orientation marker
rods may be of varied geometry or cross-section as may be
amenable to encoding sets of data relating to the implant
body, procedure or patient. The encoded surface accordingly
may be flat, curved or otherwise vary in geometry or
cross-section (such as with circular, polygonal or varying
cross-section) while still allowing the encoded data to be
discerned therefrom.

[0008] The physical encodings (such as notches or inden-
tations) discernible by an imaging system may include a
plurality of modifications to at least one surface of the
readable element or a plurality of readable elements dis-
posed within the readable portion such that the indicia are
discernible by any medical imaging modality, such as at
least one of x-ray, fluoroscopy, computed tomography, elec-
tromagnetic radiation, ultrasound, positron emission tomog-
raphy (PET) and magnetic resonance imaging.

[0009] The orientation marker rods may comprise a read-
able element, such as a radiopaque element, and having
physical encodings disposed on at least one surface or
multiple surfaces thereof or disposed within the implant. The
surfaces may be any surface of the readable element that
permits the encoded data to be read therefrom. In one
embodiment, each of the orientation marker rods has physi-
cal encodings that encode respective different sets of data
relating to the implant body. In another variant embodiment
of the invention described herein, each of the orientation
marker rods has physical encodings that respectively encode
at least two sets of data relating to the implant body.
[0010] For instance, the encoding may be placed on sets of
opposing sides of a rectangular cross-section, square cross-
section or circular cross-section rod; or on multiple arcs of
a circular rod (such as on 6 radial 60 degree arcs that could
be read from 3 different lateral orientations). In most cases,
the data will be read from the three dimensional rod two
dimensionally from one or more angles.

[0011] Such data may include any data relating to the
patient, the patient’s medical history, relevant surgical pro-
cedure(s) data (including the implant procedure(s)) and/or to
the implant body itself, such as information selected from
the group consisting of implant type, implant manufacturer
identification, implant serial number, implant type and size,
implant lot number, a unique device identifier (UDI), data
relating to the FDA Global Unique Device Identification
Database (GUDID), any other data related to the FDA UDI,
or any other encoding related to uniquely identifying the
implant body.

[0012] In another variant embodiment of the invention
described herein, the physical encodings encode information
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in the form of a code representing a number expressed in a
numerical base (i.e., in this regard, the term “base” is used
to refer to the number of complexity aspects of the encoding
system) selected from the group consisting of bases 2, 3, 4,
and higher bases, including without limitation bases 2-10.
Higher bases than base 4 may be used and the present
invention is adaptable to higher base encoding strategies,
especially as imaging resolutions, manufacturing methods,
and software extraction methods improve. This permits a
relatively detailed amount of information to be encoded into
or onto the orientation marker rods while using a numeric
base encoding system that may be discerned conveniently
and accurately from outside the implanted patient through
any imaging technique or system, such as through conven-
tional medical imaging systems such as those described
herein. For instance, where the orientation rods are inserted
in the implant, the typical procedure using medical imaging
as outlined in this application can be performed to read the
encoded information. However, when the rod(s) is/are out-
side of the implant or in an implant that is transparent or
provides some type of optical access, then visual inspection
and/or a less enhanced optical imaging systems (such as
normal vision system or camera) could be used to take a
photograph of the rod(s) and determine the data encoded
thereupon. In the manufacturing process, photographs may
be used to track the encoded rods and ensure that the
orientation rods are matched and inserted or associated with
the appropriate implants. It will be understood that the
present invention includes the manufacture of the data-
encoded rods through the methods described herein, and the
tracking of the encoded rods through the manufacture,
shipping and/or installation process through any visual
inspection and/or optical imaging systems that permit the
encoded data to be read from the data-encoded rods.

[0013] In another variant embodiment of the invention
described herein, each of the orientation marker rods has two
longitudinally extending surfaces each having a respective
series of physical encodings each so as to form respective
two series of such physical encodings discernible by the
imaging system, and wherein each of the respective series of
such physical encodings encode respective first and second
sets of data relating to the implant body. In one variant of
this embodiment, each of the orientation marker rods defines
a longitudinally extending dividing plane, and the two
longitudinally extending surfaces of each of the orientation
marker rods are disposed on opposite sides of that plane. In
one variant of this embodiment, the orientation marker rods
are disposed in the implant body such that an image of the
two longitudinally extending surfaces of each of the orien-
tation marker rods may be created from a single image taken
from one direction with respect to the implant body. This
may be achieved by positioning and aligning the orientation
marker rods in the implant body such that the imaging vector
avoids the rods eclipsing one another when imaged along a
single imaging vector, and while the rods are aligned to
permit contemporaneous and complete imaging of the
encoded physical encodings in a single imaging view as
exemplified herein.

[0014] Instill another variant embodiment of the invention
described herein, each of the series of notches or indenta-
tions or the like may be varied in depth (i.e., having more
than one depth dimension without extending completely
through the rod, especially where opposing sides of the rod
are encoded); so to impart an additional numerical base, e.g.,
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to raise the numerical base to a higher base, such as base 4
or beyond, which further increases the amount of informa-
tion that may be encoded onto a given orientation marker
rod.

[0015] Accordingly, the embodiments of the present
invention may be such that the orientation marker rod(s)
has/have physical encodings that comprise notches or inden-
tations, and that the notches or indentations are placed on
one, two or more discrete regions of at least one of said
orientation marker rods, and that the notches or indentations
are varied in at least two discrete predetermined depths, or
varied in at least two discrete predetermined shapes, to
increase the dimension(s) of the encoding protocol or sys-
tem. In one such example, both sides of an orientation
marker rod may be used to encode a first set of data (such
as being encoded into both of a first set of two opposing
sides of a square- or circular-cross-section orientation
marker rod), and a second set of data may be encoded into
one or both of a second set of two opposing sides of the same
orientation marker rod (such as being encoded into one or
both of a second set of two opposing sides of a square- or
circular-cross-section orientation marker rod). This allows
two sets of data to be obtained from respective different
perspectives of a given orientation marker rod.

[0016] Inyetanother variant embodiment of the invention
described herein, each of the series of notches or indenta-
tions or the like may be varied in geometry, such as by being
of two or more of, for instance, semicircular, semi-ovoid,
squared or triangonal, or any other imaging-discernable
shape depending upon imager resolution, also to impart
another numerical base dimension.

[0017] The present invention also includes a method of
encoding data relating to an implant body into an implant
body as described in its various embodiments herein, the
method comprising: (a) obtaining an implant body; (b)
preparing at least one orientation marker rod, each having a
longitudinal extending surface having a series of physical
encodings discernible by an imaging system, and wherein
the physical encodings encode a respective set of data
relating to the implant body; and (c) placing each of the
orientation marker rods in the implant body. This may be
done by using channels manufactured into the implant body
for this purpose.

[0018] The number, region of placement and orientation of
the orientation marker rods within the implant may be varied
in accordance with application factors such as those
described herein. For instance, the implant body may be
viewed as defining at least two regions and having a channel
in each of the regions, the channels may be arranged and
oriented so as to bring about the desired relative orientation
of the orientation marker rods. For instance, the channels
may be distributed among several regions of the implant in
order to place the orientation marker rods in a position and
orientation to be conveniently and accurately imaged and the
encoded data read therefrom. For instance, orientation
marker rods may be arranged so as to be substantially
parallel to one another, and arrayed so as to be individually
discernable from the intended imaging vector(s).

[0019] The orientation marker rods may be of any material
that is sufficiently visible through imaging to allow the
encoded data to be appreciated therefrom and may depend
upon the imaging system chosen. The materials from which
the orientation marker rods may be made include metals,
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ceramics, polymeric materials (including those containing
radiopaque materials), and the like, including any combina-
tion thereof.

[0020] Where the encoding is done through physical shap-
ing of the orientation marker rods, the shaping may be done
through any process and again may depend upon the encod-
ing protocol chosen, as well as upon the imaging system
resolution. The orientation marker rods may be machined,
such as through micro-machining, wire electrical discharge
machining (EDM), or impressed, embossed, molded,
welded, any computer numerical controlled (CNC) machin-
ing, S-axis lathe machining, or created through subtractive
manufacturing or additive manufacturing, such as 3D print-
ing.

[0021] The present invention also includes a method of
obtaining data relating to an implant body, as described in its
various embodiments herein, implanted in a patient, the
method comprising: (a) bringing a patient into imaging
proximity with an imaging system, the patient having
implanted a spinal interbody implant comprising an implant
body and comprising at least one orientation marker rod,
each of the orientation marker rods having a longitudinal
extending surface having a series of physical encodings
discernible by an imaging system, and wherein the physical
encodings encode a respective set of data relating to the
implant body; and (b) imaging the orientation marker rod(s)
s0 as to discern an image of the physical encodings; and (¢)
decoding the data from the image of the physical encodings.
[0022] The patient may be brought into imaging proximity
with an imaging system in accordance with practices and
procedures known and used in the art with respect to the
imaging system chosen. It will be appreciated that the
imaging approach and imaging angle may be varied in
accordance with such factors as the orientation of the
orientation marker rods within the implant, and the orien-
tation of the implant within the patient, so as to permit the
implant and the orientation marker rods to be imaged, and
the encoded data relating to the implant body to be acquired.
[0023] As will be appreciated from the foregoing sum-
mary and exemplary embodiments, the imaging may be
taken from any direction and along any vector, such as
lateral or anterior-posterior (AP), as well as from multiple
angles or an oblique angle, or from either end of any given
implant or orientation marker rod (e.g., could be read
top-bottom, bottom-top, or if symmetric, from either end).
[0024] The image decoding may be carried out through
visual inspection, or by using software such as feature
extraction or object identification algorithms from the sub-
jects of image processing and/or computer vision adapted to
extract the digital or numerical data from the image.
[0025] The methods of the present invention may be
carried out in association with the use of spinal implants,
including diagnostic, surgical and follow-up procedures, as
well as procedures associated with medical research.

BRIEF DESCRIPTION OF THE FIGURES

[0026] While the specification concludes with claims par-
ticularly pointing out and distinctly claiming the present
invention, it is believed that the present invention will be
better understood from the following description in conjunc-
tion with the accompanying Drawing Figures, in which like
reference numerals identify like elements, and wherein:

[0027] FIG. 1 is a isometric perspective, partially
exploded view of an implant device identifiable and readable
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after implantation comprising a spinal interbody implant
having an implant body and including an array of substan-
tially parallel orientation marker rods, in accordance with
aspects of the present invention.

[0028] FIG. 2 is a lateral perspective imaging view (i.e.,
x-ray) of a spinal interbody implant having an implant body
including an array of substantially parallel orientation
marker rods, in accordance with aspects of the present
invention.

[0029] FIG. 2A is an extracted (i.e., objects identified with
image processing algorithms) detailed view of the orienta-
tion marker rods, as they would appear and be oriented in a
lateral perspective imaging view of an implant body, and
allowing the encoded information to be obtained therefrom.

[0030] FIG. 3 is a view showing the encoding imparted to
one of the orientation marker rods, as it would appear and be
oriented in the lateral perspective imaging of an implant
body, and describing the encoded respective information
that may be obtained from regions thereof, in accordance
with further aspects of the present invention.

[0031] FIG. 4 is a view showing the encoding imparted to
a second of the orientation marker rods, as it would appear
and be oriented in the lateral perspective imaging of an
implant body, and describing the encoded respective infor-
mation that may be obtained from regions thereof in accor-
dance with further aspects of the present invention.

[0032] FIG. 5 is a lateral perspective view showing the
encoding imparted to a third of the orientation marker rods,
as it would appear and be oriented in the lateral perspective
imaging of an implant body, and describing the encoded
respective information that may be obtained from regions
thereof in accordance with further aspects of the present
invention.

[0033] FIG. 6 is an isometric view of an implant device
comprising a spinal interbody implant having an implant
body and including an array of substantially parallel unen-
coded orientation marker rods.

[0034] FIG. 7 is an isometric, partially exploded view of
an implant device identifiable and readable after implanta-
tion comprising a spinal interbody implant having an
implant body defining at least two regions and showing the
removal of the array of substantially parallel unencoded
orientation marker rods, in accordance with an optional step
of the method of the invention.

[0035] FIG. 7A s an isometric, partially exploded view of
an implant device identifiable and readable after implanta-
tion comprising a spinal interbody implant having an
implant body and showing the placement of the array of
substantially parallel encoded orientation marker rods, in
accordance with a method of the invention.

[0036] FIG. 8 is a photographic view of a packaged set of
two encoded orientation marker rods, in accordance with
further aspects of the present invention.

[0037] FIGS. 9 and 9A are respectively photographic and
x-ray images of a frontal view (i.e., essentially an anterior-
posterior view) of a spinal interbody implant having an
implant body and showing the placement of the array of
substantially parallel encoded orientation marker rods, in
accordance with further aspects of the present invention.

[0038] FIGS. 10 and 10A are respectively photographic
and x-ray images of a lateral view of a spinal interbody
implant having an implant body and showing the placement
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of the array of substantially parallel encoded orientation
marker rods, in accordance with further aspects of the
present invention.

[0039] FIG. 11A is a photographic elevation view of an
encoded orientation marker rod in accordance with further
aspects of the present invention.

[0040] FIG. 11B is a photographic perspective view of a
spinal interbody implant having an implant body and show-
ing the placement apertures for an array of substantially
parallel encoded orientation marker rods, in accordance with
further aspects of the present invention.

[0041] FIG. 11C is an x-ray photographic perspective
view of a spinal interbody implant having an implant body
and showing the placement apertures for an array of sub-
stantially parallel encoded orientation marker rods, in accor-
dance with further aspects of the present invention.

[0042] FIG. 12 is a schematic of an encoding strategy and
protocol, using a base 3 number system, for an encoded
orientation marker rod, in accordance with further aspects of
the present invention.

[0043] FIG. 13 is a schematic illustration of the encoding
strategy and protocol demonstrating encoding numbers 0
through 8 (on individual rods) using the base 3 encoding
strategy, in accordance with further aspects of the present
invention.

[0044] FIG. 14 is a schematic illustration of a first encod-
ing scheme for a set of 3 encoded orientation marker rods
whereby information in sets of notches is encoded, in
accordance with further aspects of the present invention.
[0045] FIG. 15 is a schematic illustration of a second
encoding scheme for a set of 3 encoded orientation marker
rods whereby the implant’s identifying number is encoded in
sets of notches distributed among the orientation marker
rods, in accordance with further aspects of the present
invention.

[0046] FIG. 16 is an x-ray photographic plan imaging
view of a pair of substantially parallel encoded orientation
marker rods as placed in an external measurement body
attached in fixed relationship to a hand, the encoded rods
having been imaged using a C-Arm imager, in accordance
with further aspects of the present invention.

[0047] FIG.17 is a detailed view of the x-ray photographic
plan imaging view of FIG. 16, showing the pair of substan-
tially parallel encoded orientation marker rods, as they
would appear and be oriented, and as the encoded informa-
tion may be obtained therefrom, in accordance with further
aspects of the present invention.

[0048] FIGS. 18A and 18B are respectively x-ray and
extracted images (using image processing algorithms) of
view (in this case slightly oblique to anterior-posterior view)
of a spinal interbody implant having an implant body and
showing the placement of the array of three substantially
parallel encoded orientation marker rods, and comparing 0.5
mm, 0.3 mm, and 0.25 mm notches imaged at 0.2 mm,
resolution in accordance with further aspects of the present
invention.

[0049] FIG. 19 is a schematic of an encoding strategy and
protocol, using a first exemplary base 4 number system, for
an encoded orientation marker rod, in accordance with
further aspects of the present invention.

[0050] FIG. 20 is a schematic of an encoding strategy and
protocol, using a second exemplary base 4 number system,
for an encoded orientation marker rod, in accordance with
further aspects of the present invention.
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[0051] FIG. 21 is a schematic of an encoding strategy and
protocol, using a third exemplary base 4 number system, for
an encoded orientation marker rod, in accordance with
further aspects of the present invention.

[0052] FIG. 22 is a schematic of an encoding strategy and
protocol, using a fourth exemplary base 4 number system,
for an encoded orientation marker rod, in accordance with
further aspects of the present invention.

[0053] FIG. 23 is a schematic of an encoding strategy and
protocol, using an exemplary base 9 number system, for an
encoded orientation marker rod, in accordance with further
aspects of the present invention.

[0054] As used herein, reference to lateral, front or back
sides is intended generically, and does not necessarily accord
with the orientation of the implant within the body, which
may vary in accordance with any given installation, as may
be appreciated by one of ordinary skill in the art.

DETAILED DESCRIPTION

[0055] In the following detailed description of the pre-
ferred embodiment, reference is made to the accompanying
drawings that form a part hereof, and in which is shown by
way of illustration, and not by way of limitation, a specific
preferred embodiment in which the invention may be prac-
ticed. It is to be understood that other embodiments may be
utilized and that changes may be made without departing
from the spirit and scope of the present invention.

[0056] Reference is now made to FIG. 1, which shows a
spinal interbody implant 1 comprising an implant body 2,
the implant body defining at least two regions (i.e., such as
sectors A-D generally indicated in FIG. 1), and comprising
an array of substantially parallel-oriented marker rods, such
as marker rods 3, 4 and 5, placed in the displayed embodi-
ment, such as, respectively, in sector A, in between B and C,
and in between C and D.

[0057] Each of the orientation marker rods 3, 4 and 5,
disposed in their respective regions, have a first longitudi-
nally extending surface 3q, 4a and 5a, respectively. First
longitudinally extending surfaces 3a, 4a and 5a each have a
first series of notches or material indentations 3¢, 4¢ and 5c¢,
respectively, discernible by an imaging system, and wherein
the notches or material indentations encode a respective first
set of data relating to the implant body 2. In another
embodiment, the orientation marker rods 3, 4 and 5 have
second longitudinally extending surfaces 35, 4b and 54, each
of which bear a respective second series of notches or
material indentations 3d, 4d and 5d, likewise discernible by
an imaging system. These notches or material indentations
encode a respective second set of data relating to the implant
body 2.

[0058] In one embodiment, all of the orientation marker
rods 3, 4 and 5 are aligned such that the lines of separation
of the longitudinally extending surfaces 3a, 4a and 5a from
respective second longitudinally extending surfaces 354, 45
and 5b are aligned such that the first series of notches or
material indentations 3¢, 4c and 5c¢ and the second series of
notches or material indentations 3d, 44 and 54 may be read
by an imaging device or system viewing the orientation
marker rods 3, 4 and 5 along a single vector, such as parallel
to vectors 3e, 4e and Se. In embodiments where two surfaces
of multiple orientation marker rods are employed for
encoded data, such alignment permits the data from both
sides of each orientation marker rod to be obtained from a
single image or measurement.
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[0059] FIG. 2 shows a spinal interbody implant 1 com-
prising an implant body 2 as would appear in a patient 6
when viewed using an imaging device or system. FIG. 2A
also shows an image extracted using image processing from
the X-ray image in FIG. 2, and showing the orientation
marker rods 3, 4 and 5 being aligned such that the lines of
separation of the longitudinally extending surfaces 3a, 4a
and 5a from respective second longitudinally extending
surfaces 3b, 45 and 56 are aligned as described above.

[0060] FIG. 3 shows a detailed view of orientation marker
rod 3, and further shows how, in one embodiment, the
longitudinally extending surface 3¢ may be apportioned into
multiple segments, such as segments 3al, 342 and 343, to
encode respective different discrete types or portions of data
relating to spinal interbody implant 1 and/or the patient 6
and/or the patient’s treatment. In the displayed embodiment,
surface segment 3al is provided with notches or material
indentations encoding the type of implant (i.e., ALIF),
surface segment 342 is provided with notches or material
indentations encoding the implant angle and size (i.e., 6
degree; small) and 3a3 is provided with notches or material
indentations encoding some of the implant dimensions (i.e.,
20 mm). Additional data may likewise be encoded into
longitudinally extending surface 3b6. FIG. 4 shows a detailed
view of orientation marker rod 4, and further shows how, in
one embodiment, the longitudinally extending surface 4a
may be apportioned into multiple segments, such as seg-
ments 4al, 4a2 and 4a3, to encode respective different
discrete types or portions of data relating to spinal interbody
implant 1 (such as all or a portion of the implant’s numerical
designation, such as its lot number (and/or serial number),
such as in this case, the last three digits of 777034) and/or
the patient 6 and/or the patient’s treatment. In the displayed
embodiment, surface segment 441 is provided with notches
or material indentations encoding portions of the implant lot
number (i.e., the numeral 0), surface segment 4a2 is pro-
vided with notches or material indentations encoding por-
tions of the implant lot number (i.e., the numeral 3) and 4a3
is provided with notches or material indentations encoding
portions of the implant lot number (i.e., the numeral 4).
Additional data may likewise be encoded into longitudinally
extending surface 4b.

[0061] FIG. 5 shows a detailed view of orientation marker
rod 5, and further shows how, in one embodiment, the
longitudinally extending surface 5a may be apportioned into
multiple segments, such as segments 5al, 5a2 and 543, to
encode respective different discrete types or portions of data
relating to spinal interbody implant 1 (such as all or a portion
of the implant’s lot number, such as in this case, the first
three digits of 777034) and/or the patient 6 and/or the
patient’s treatment. In the displayed embodiment, surface
segment 5al is provided with notches or material indenta-
tions encoding portions of the implant lot number (i.e., the
numeral 7), surface segment 542 is provided with notches or
material indentations encoding portions of the implant lot
number (i.e., the numeral 7) and 5a3 is provided with
notches or material indentations encoding portions of the
implant lot number (i.e., the numeral 7). Additional data may
likewise be encoded into longitudinally extending surface
5b.

[0062] FIGS. 4 and 5 thus also demonstrate some of the
different discrete types or portions of data relating to spinal
interbody implant 1 that may be apportioned over more than
one of the orientation marker rods.
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[0063] FIGS. 6, 7 and 7A show views of a progression of
steps whereby a spinal interbody implant 1 may be obtained
(FIG. 6), its original unencoded orientation marker rods 13,
14 and 15 removed (FIG. 7), and its unencoded orientation
marker rods 13, 14 and 15 replaced by encoded orientation
marker rods 3, 4 and 5.

[0064] FIG. 8 is a detailed photographic image of encoded
orientation marker rods 4 and 5 shown in a sterile package
8 that may be used in kit form to provide data relating to
spinal interbody implant 1 (i.e., to provide the implant body
2 lot number) that may be delivered and/or assembled with
the implant body 2 in advance of the placement surgical
procedure.

[0065] FIGS. 9 and 9A show respective detailed front
view (i.e., typically anterior-posterior) and showing photo-
graphic and x-ray images of a frontal view of a spinal
interbody implant 1 having an implant body 2 and showing
the placement of the array of substantially parallel encoded
orientation marker rods 3, 4 and 5.

[0066] FIGS. 10 and 10A show respective detailed lateral
views (as would typically be the lateral view in the body as
normally implanted) and showing photographic and x-ray
images of a lateral view of a spinal interbody implant 1
having an implant body 2 and showing the placement of the
array of substantially parallel encoded orientation marker
rods 3, 4 and 5. Comparing FIGS. 9 and 9A to FIGS. 10 and
10A, one can appreciate that for instance, some notches are
visible on orientation rod 4 in the anterior-posterior view,
while other notches on a different part of orientation rod 4
are visible in the perpendicular, lateral view, thus demon-
strating that different portions or types of information can be
encoded onto the orientation rods at different positions, and
ultimately read from different imaging directions.

[0067] FIG. 11A is a photographic elevation view of an
encoded orientation marker rod 5 showing its two longitu-
dinally extending surfaces 5a and 5b having respective first
and second series of notches or material indentations 5c and
5d. In this embodiment, the notches or material indentations
may be approximately 0.3 mm in depth. Depth and distance
between notches can be varied depending on the size of the
rod, the associated manufacturing process, and imaging
resolution available.

[0068] FIG. 11B is a photographic perspective view of a
spinal interbody implant 1 having an implant body 2, and
showing the placement apertures 23, 24 and 25 for the array
of substantially parallel encoded orientation marker rods 3,
4 and 5.

[0069] FIG. 11C is an x-ray photographic image at 0.2 mm
resolution showing a perspective view (i.e., the x-ray is a
substantially AP (frontal) view of FIG. 11B, and being
varied from the AP view by approximately 10-15 degrees) of
a spinal interbody implant 1 having an implant body 2 and
showing the placement of an array of substantially parallel
encoded orientation marker rods 3, 4 and 5. This image
shows the placement of encoded orientation marker rod 5 on
FIG. 11A. In addition, in this embodiment, orientation
marker rod 3 has respective first and second series of notches
or material indentations 3¢ and 34 that may be approxi-
mately 0.5 mm in depth, while orientation marker rod 4 has
respective first and second series of notches or material
indentations 4¢ and 4d that may be approximately 0.25 mm
in depth.

[0070] FIG. 12 is a schematic of an encoding strategy and
protocol, using a base 3 number system, for an encoded
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orientation marker rod. This figure shows that the notches or
material indentations may be used in a coded pattern (read,
for instance, from left to right) by applying a series of
notches or material indentations, separated by unnotched/
unindented sections, to identify, for instance, the left or right
side of the implant body 2; i.e., through the use of a single
notch or material indentation on one end (i.e., the right side
125) while the left side 12a is identified by an initial
unnotched/unindented section. In this embodiment, further
notches or material indentations are provided in a central
region 12¢, and are separated by unnotched/unindented
sections to provide a numerical code to result in a number
34, as shown in this figure. The notch at the bottom (i.e.,
shown on the right) of the rod in this embodiment is used to
determine the bottom of the rod and thus its orientation for
the purpose of data reading.

[0071] It will be appreciated that the notches or indenta-
tions may be off-axis with respect to the longitudinal axis of
the rod while still allowing the data to be read.

[0072] FIG. 13 is a schematic illustration of the encoding
strategy and protocol for using the base 3 strategy to encode
the numbers 0 through 8 on individual rods, requiring two
distinct locations of notches. FIG. 13 shows a series of nine
encoded orientation marker rods 13a-13/, demonstrating an
encoding wherein a relatively simple pattern or notches or
material indentations, provided on different sides of the
orientation rods, are employed to record data numerals. By
so doing, encoded data may be imparted onto the implant
body through its orientation rods which is readily visible to
imaging devices and systems. It will be appreciated that, as
shown in this example, the largest number that can be
encoded on a single rod depends on the length of rod (i.e, the
number of notches that can be included on the rod). The
factors that influence how much information can be encoded
on the rod include the type of encoding strategy employed
(i.e., base 2, 3, 4, 5, 6, or more; typically bases 2-10), the
notch type (such as cross-sectional geometry) and the width
and/or depth of notches, the distance between notches, and
the imaging resolution.

[0073] FIG. 14 is another schematic illustration of a first
encoding scheme for a set of 3 encoded orientation marker
rods (i.e., 14a, 145 and 14c¢) whereby information in sets of
notches or material indentations is encoded. For instance
segments 14al, 1402, 1443 and 14a4 encode respective
different discrete types or portions of data relating to spinal
interbody implant, such as respectively the manufacturer,
implant type (i.e., ALIF, PLIF, TLIF or ACIF), model
designation (i.e., 0°, 6°, small, medium or large), and height
(the implant height typically having 10 variations with the
encoding region being able to express these heights by
having at least 10 possible designations (i.e., encoding 10
possible designations within 27 discrete encoding possibili-
ties; 3 levels and using base 3, should give 27 discrete
encoding possibilities). In this embodiment, encoded orien-
tation marker rods 145 and 14¢ are employed to encode,
respectively the lot and serial numbers, such as by using a
patterned code in accordance with a schematic of an encod-
ing strategy and protocol such as shown in FIG. 12.
[0074] FIG. 15 is a schematic illustration of a second
encoding scheme for a set of 3 encoded orientation marker
rods (i.e., 15a, 155 and 15¢) whereby information in sets of
notches or material indentations is encoded. For instance,
orientation marker rods 15a, 156 and 15¢ encode respective
different discrete portions of data relating to a spinal inter-
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body implant, such as different portions of a given implant’s
identifying number, such as by using a patterned code in
accordance with a schematic of an encoding strategy and
protocol such as shown in FIG. 12. Another aspect of the
subject encoding protocol is that one can encode a single
unique number across as many rods as desired, to provide an
additional level of encoding of, for instance, a given number
or other data set, if desired.

[0075] Accordingly, this depicted strategy uses all avail-
able notch levels on all of the rods to devise a unique
identifying number for the identified implant.

[0076] The strategy in FIG. 14 uses different regions of the
rod to encode information such as manufacturer, type of
implant, lot number and any combination of other informa-
tion determined to be valuable or beneficial.

[0077] In still another variant of the invention, the encod-
ing strategy or protocol may include the use of two or more
discrete notch depths or notch shapes, to provide an addi-
tional dimension to the encoding. For instance, the notches
in FIGS. 14 and 15 may be provided in two discrete notch
depths, so as to raise the complexity of the encoding to one
that utilizes a base 4 encoding protocol.

[0078] In another variant, further encoding complexity to
add another dimension to the encoding may be realized
through the use of discrete material types in different por-
tions of the orientation rods. This may be accomplished for
instance through the original manufacture of the orientation
rods, such as by using different polymeric materials in
discrete predetermined regions of a given orientation rod
when molded, through the use of micro-welds with welding
flux that varies in chemical composition, or through the use
of any number of additive manufacturing techniques to
impart different chemical, physical or chemico-physical
properties to discrete predetermined regions of a given
orientation rod. This material variation variant may be used
with the other physical notch variations described above.
[0079] The encoding strategy could be each of these above
or some combination of the two, or some other variant
within the scope of this invention.

[0080] FIG. 16 is an x-ray photographic plan imaging
view of a hand 16, and showing a pair of substantially
parallel encoded orientation marker rods 16a and 165 as
placed in a an external measurement body 16¢ adjacent a
hand, the encoded rods having been imaged using a C-Arm
imager, as yet another embodiment of the present invention.
In this embodiment FIG. 16 shows an x-ray of a patient’s
hand placed over an external measurement body 16¢ (such
as a piece of plastic or other relatively low radiopacity article
to which the markers may be attached or embedded in a
specific, prescribed orientation). The image shows the rela-
tive radiopacity of the markers relative to that of the bones
and skin. An alternative imaging system could be used, such
as by any method adapted to image the orientation marker
rods and read the encoded data therefrom, such as through
X-rays, CT scans, and other imaging modalities.

[0081] FIG. 17 is a detailed view of the x-ray photographic
plan imaging view of FIG. 16, showing the pair of substan-
tially parallel encoded orientation marker rods 164 and 165
as placed in an external measurement body 16c¢ adjacent a
hand. This Figure shows the segmentation (through image
processing) of the image of the orientation marker rods 16a
and 165 from the balance of the x-ray photographic image,
to permit the encoded information to be obtained therefrom,
as described above. FIG. 17 shows on the right-side detailed
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view, the extracted rods using image processing of the x-ray
image. Rods 16a and 165 in FIG. 17 are the image-extracted
rods with the encoded information.

[0082] FIGS. 18A and 18B are respectively x-ray and
schematic, extracted (i.e., image processed) images of a
approximate AP view spinal interbody implant 1 having an
implant body 2 (similar to that shown in FIG. 11C) and
showing the placement of an array of substantially parallel
encoded orientation marker rods 3, 4 and 5. FIG. 18B shows
the segmentation of the image of the encoded orientation
marker rods 3, 4 and 5 from the balance of the x-ray
photographic image, to permit the encoded information to be
obtained therefrom, as described above.

[0083] The method of the present invention may use any
algorithm or software to extract the geometry of the orien-
tation marker rods from the balance of the image. An
experienced user of commercially available software (such
as Mimics from Materialise of Plymouth, Mich.) in the
method of the present invention may extract the image(s) of
the orientation rods, and read their dimensionally encoded
information from the image. Additionally, many private
(Matlab) and open source (Open CV) software provide
algorithms that may be adapted by an image processing
software expert to extract the encoded information from the
physically encoded object.

[0084] In addition, the dimensionally encoded information
of the orientation rods likewise may be read before, during
or after a surgical procedure to provide healthcare-related
information to the healthcare provider. For instance, in the
case of an implant procedure, the method of the present
invention may be used to determine or discuss how the
implant would be implanted, and, in surgery, the C-arm
would take images and be processed. The invention may
also include a method of tracking the actual implant in the
patient and can track that implant over time (i.e., before,
during, and after implantation), such as by using an X-ray
image, CT image, or something similar.

[0085] FIG. 19 is a schematic of an encoding strategy and
protocol, using a first exemplary base 4 number system (i.e.,
using both sides of the orientation marker rod and the same
depth of notches), for an encoded orientation marker rod 19.
This figure shows that the notches or material indentations
may be used in a coded pattern (read, for instance, from left
to right) by applying a series of notches or material inden-
tations, separated by unnotched/unindented sections, to
identify, for instance, the left or right side of the implant
body 19; i.e., through the use of a single notch or material
indentation on one end (i.e., the right side 195) while the left
side 19¢ is identified by an initial unnotched/unindented
section. In this embodiment, further notches or material
indentations on both sides and at the same depth are pro-
vided in a central region 19¢, and are separated by
unnotched/unindented sections to provide a numerical code
to result in a number 141, as shown in this figure. The notch
at the top (i.e., shown on the right) of the rod in this
embodiment is used to determine the top of the rod and thus
its orientation for the purpose of data reading.

[0086] FIG. 20 is a schematic illustration of the encoding
strategy and protocol for using the second exemplary base 4
number system (i.e., using one side of the orientation marker
rod and three different depths of the notches), for an encoded
orientation marker rod 20. This figure shows that the notches
or material indentations may be used in a coded pattern
(read, for instance, from left to right) by applying a series of
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notches or material indentations, separated by unnotched/
unindented sections, to identify, for instance, the left or right
side of the implant body 20; i.e., through the use of a single
notch or material indentation on one end (i.e., the right side
205) while the left side 20q is identified by an initial
unnotched/unindented section. In this embodiment, further
notches or material indentations on only one side, but at one
or more of three prescribed depths are provided in a central
region 20c, and are separated by unnotched/unindented
sections to provide a numerical code to result in a number
141, as shown in this figure. The notch at the top (i.e., shown
on the right) of the rod in this embodiment is used to
determine the top of the rod and thus its orientation for the
purpose of data reading.

[0087] FIG. 21 is a schematic illustration of the encoding
strategy and protocol for using the third exemplary base 4
number system (i.e., using one side of the orientation marker
rod and three different widths of the notches), for an encoded
orientation marker rod 21. This figure shows that the notches
or material indentations may be used in a coded pattern
(read, for instance, from left to right) by applying a series of
notches or material indentations, separated by unnotched/
unindented sections, to identify, for instance, the left or right
side of the implant body 21; i.e., through the use of a single
notch or material indentation on one end (i.e., the right side
2156) while the left side 21a is identified by an initial
unnotched/unindented section. In this embodiment, further
notches or material indentations on only one side, but in one
or more of three prescribed widths are provided in a central
region 21c, and are separated by unnotched/unindented
sections to provide a numerical code to result in a number
141, as shown in this figure. The notch at the top (i.e., shown
on the right) of the rod in this embodiment is used to
determine the top of the rod and thus its orientation for the
purpose of data reading.

[0088] FIG. 22 is a schematic illustration of the encoding
strategy and protocol for using the fourth exemplary base 4
number system (i.e., using one side of the orientation marker
rod and three different shapes or geometries of the notches),
for an encoded orientation marker rod 22. This figure shows
that the notches or material indentations may be used in a
coded pattern (read, for instance, from left to right) by
applying a series of notches or material indentations, sepa-
rated by unnotched/unindented sections, to identify, for
instance, the left or right side of the implant body 22; i.e.,
through the use of a single notch or material indentation on
one end (i.e., the right side 2254) while the left side 224 is
identified by an initial unnotched/unindented section. In this
embodiment, further notches or material indentations on
only one side, but in one or more of three prescribed shapes
or geometries are provided in a central region 22¢, and are
separated by unnotched/unindented sections to provide a
numerical code to result in a number 141, as shown in this
figure. The notch at the top (i.e., shown on the right) of the
rod in this embodiment is used to determine the top of the
rod and thus its orientation for the purpose of data reading.
[0089] FIG. 23 is a schematic illustration of the encoding
strategy and protocol for using an exemplary base 9 number
system (i.e., using both sides of the orientation marker rod
and two prescribed depths of notches), for an encoded
orientation marker rod 23. This figure shows that the notches
or material indentations may be used in a coded pattern
(read, for instance, from left to right) by applying a series of
notches or material indentations, separated by unnotched/
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unindented sections, to identify, for instance, the left or right
side of the implant body 23; i.e., through the use of a single
notch or material indentation on one end (not shown) (i.e.,
the right side 235) while the left side 23a is identified by an
initial unnotched/unindented section. In this embodiment,
further notches or material indentations on both sides, and in
one or more of three prescribed depths are provided in a
central region 22¢, and are separated by unnotched/unin-
dented sections to provide a numerical code to result in a
number 141, as shown in this figure. The notch at the top
(i.e., shown on the right) of the rod in this embodiment is
used to determine the top of the rod and thus its orientation
for the purpose of data reading.

[0090] Accordingly, these strategies may use available
notch depths, position and/or shapes on all of the rods to
devise a unique identifying number for the identified
implant, to encode information such as manufacturer, type of
implant, lot number and any combination of other informa-
tion determined to be valuable or beneficial.

[0091] In still another variant of the invention, the encod-
ing strategy or protocol may include the use of two or more
discrete notch depths or notch shapes, to provide an addi-
tional dimension to the encoding. In another variant, further
encoding complexity to add another dimension to the encod-
ing may be realized through the use of discrete material
types in different portions of the orientation rods. This may
be accomplished for instance through the original manufac-
ture of the orientation rods, such as by using different
polymeric materials in discrete predetermined regions of a
given orientation rod when molded, through the use of
micro-welds with welding flux that varies in chemical
composition, or through the use of any number of additive
manufacturing techniques to impart different chemical,
physical or chemico-physical properties to discrete prede-
termined regions of a given orientation rod. This material
variation variant may be used with the other physical notch
variations described above.

[0092] The encoding strategy could be each of these above
or some combination of the two, or some other variant
within the scope of this invention.

[0093] While particular embodiments of the present
invention have been illustrated and described, it would be
obvious to those skilled in the art that various other changes
and modifications can be made without departing from the
spirit and scope of the invention. It is therefore intended to
cover in the appended claims, which themselves constitute
part of the disclosure, all such changes and modifications
that are within the scope of this invention.

What is claimed is:

1. An implant device identifiable after implantation, com-

prising:

a spinal interbody implant comprising an implant body
comprising at least one orientation marker rod, each of
said at least one orientation marker rod having a series
of physical encodings discernible by an imaging sys-
tem, and wherein said physical encodings encode a
respective set of data.

2. The implant device of claim 1, wherein said imaging
system is of a type selected from the group consisting of at
least one of x-ray, fluoroscopy, computed tomography, elec-
tromagnetic radiation, ultrasound, positron emission tomog-
raphy (PET), and magnetic resonance imaging.
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3. The implant device of claim 1, wherein each of said at
least one orientation marker rod has physical encodings that
encode respective different sets of data relating to said
implant body.

4. The implant device of claim 1, wherein each of said at
least one orientation marker rod has physical encodings that
respectively encode at least two sets of data relating to said
implant body.

5. The implant device of claim 1, wherein said data
relating to said implant body is selected from the group
consisting of implant type, implant manufacturer identifica-
tion, implant serial number, implant type and size, implant
lot number, a unique device identifier (UDI), data relating to
the FDA Global Unique Device Identification Database
(GUDID), and the FDA UDI.

6. The implant device of claim 1, wherein said physical
encodings encode information in the form of a code repre-
senting a number expressed in a numerical base selected
from the group consisting of bases 2-10.

7. The implant device of claim 1, wherein each of said at
least one orientation marker rod has two longitudinally
extending surfaces each having a respective series of physi-
cal encodings each so as to form respective two series of
such physical encodings discernible by said imaging system,
and wherein each of said respective series of such physical
encodings encode respective first and second sets of data
relating to said implant body.

8. The implant device of claim 7, wherein said imaging
system is of a type selected from the group consisting of at
least one of x-ray, fluoroscopy, computed tomography, elec-
tromagnetic radiation, ultrasound, positron emission tomog-
raphy (PET), and magnetic resonance imaging.

9. The implant device of claim 7, wherein said data
relating to said implant body is selected from the group
consisting of implant type, implant manufacturer identifica-
tion, implant serial number, implant type and size, implant
lot number, a unique device identifier (UDI), data relating to
the FDA Global Unique Device Identification Database
(GUDID), and the FDA UDI.

10. The implant device of claim 7, wherein said physical
encodings encode information in the form of a code repre-
senting a number expressed in a numerical base selected
from the group consisting of bases 2-10.

11. The implant device of claim 7, wherein each of said
at least one orientation marker rod defines a longitudinally
extending dividing plane and wherein respective said two
longitudinally extending surfaces of each of said orientation
marker rods are disposed on opposite sides of said longitu-
dinally extending dividing plane.

12. The implant device of claim 11, wherein said at least
one orientation marker rod are disposed in said implant body
such that an image of said two longitudinally extending
surfaces of each of said orientation marker rod may be
created from a single image taken from one direction with
respect to said implant body.

13. The implant device of claim 1, wherein said device
has at least two orientation marker rods and wherein each of
said orientation marker rods has physical encodings that
comprise notches or indentations.

14. The implant device of claim 13, wherein said notches
or indentations are placed on two discrete regions of at least
one of said orientation marker rods.

15. The implant device of claim 14, wherein said notches
or indentations are placed on two discrete regions of at least
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one of said orientation marker rods, and wherein said
notches or indentations vary in at least two discrete depths.

16. The implant device of claim 14, wherein said notches
or indentations are placed on two discrete regions of at least
one of said orientation marker rods, and wherein said
notches or indentations vary in at least two discrete shapes.

17. An implant device identifiable after implantation,
comprising:

a spinal interbody implant comprising an implant body,
said implant body defining at least two regions and
comprising an array of substantially parallel orientation
marker rods, each of said orientation marker rods
disposed in respective said regions and having a lon-
gitudinal extending surface having a series of physical
encodings discernible by an imaging system, and
wherein said physical encodings encode a respective
set of data.

18. The implant device of claim 17, wherein said imaging
system is of a type selected from the group consisting of at
least one of x-ray, fluoroscopy, computed tomography, elec-
tromagnetic radiation, ultrasound, positron emission tomog-
raphy (PET), and magnetic resonance imaging.

19. The implant device of claim 17, wherein each of said
orientation marker rods has physical encodings that encode
respective different sets of data relating to said implant body.
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20. The implant device of claim 17, wherein each of said
orientation marker rods has physical encodings that respec-
tively encode at least two sets of data relating to said implant
body.

21. The implant device of claim 17, wherein said data
relating to said implant body is selected from the group
consisting of implant type, implant manufacturer identifica-
tion, implant serial number, implant type and size, implant
lot number, a unique device identifier (UDI), data relating to
the FDA Global Unique Device Identification Database
(GUDID), and the FDA UDI.

22. The implant device of claim 17, wherein said physical
encodings encode information in the form of a code repre-
senting a number expressed in a numerical base selected
from the group consisting of bases 2-10.

23. The implant device of claim 17, wherein each of said
orientation marker rods has two longitudinally extending
surfaces each having a respective series of physical encod-
ings each so as to form respective two series of such physical
encodings discernible by said imaging system, and wherein
each of said respective series of such physical encodings
encode respective first and second sets of data relating to
said implant body.



