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ATTACHMENT APPARATUS TO SECURE A MEDICAL ALIGNMENT DEVICE TO

ALIGN A TOOL

TECHNICAL FIELD

[0001] This application claims the benefit of and priority to United States
Provisional Patent Application Serial No. 62/834,386 filed on April 15, 2019, entitled
“ATTACHMENT APPARATUS TO SECURE A MEDICAL ALIGNMENT DEVICE AND
ALIGN TO A TOOL” and naming John Kyle Dorman as the inventor, the entirety of which
is incorporated herein by reference for all purposes.

[0002] This disclosure generally relates to medical devices and systems. For
example, this disclosure generally relates to an attachment apparatus for an electronic
alignment device that facilitates the aligning and orientation of tools, devices, apparatus, such
as, for example, surgical equipment and surgical tools. In one example, the surgical tools to
be aligned may include tools used in connection with installing or inserting a medical device
or apparatus in a bone. In one implementation, the surgical tools or equipment is used to
create a pilot hole in a vertebra for receiving a pedicle screw at a precise orientation, such as
a transverse angle, sagittal angle, or any other angle, including a three-dimensional alignment

angle or insertion angle.

BACKGROUND

[0003] Patients who undergo certain procedures, such as a spinal fusion, may
have pedicle screws placed into their vertebrae. The pedicle screws are typically implanted
into the vertebrae through the pedicles of the vertebrae. Once a pilot hole is created through

the cortex of the bone, a probe is used to create the path through which the pedicle screw will
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be placed into the vertebrae. Placing the pedicle screw at the correct angle helps to assure a
mechanically sound construct and to avoid injury to surrounding structures such as the spinal
cord, nerve roots, and blood vessels. The orientation of the screw can be determined, for
example and in certain situations, in two planes: (1) the transverse plane, which is parallel to
the ground if the person is standing upright, and (2) the sagittal plane, which divides a person
into left and right halves.

[0004] Surgeons use a variety of mechanisms to ensure that the pedicle screw is
placed at the correct angle. However, these machines are typically costly and bulky, thereby
reducing the number of available surgical suites that have suitable equipment for use in

assisting a surgeon with properly placing and orienting a pedicle screw.

SUMMARY

[0005] This summary is provided to introduce a selection of embodiments and
aspects that are further described below in the detailed description. This summary is not
intended to identify key or essential features of the claimed subject matter, nor is it intended
to be used as an aid in limiting the scope of the claimed subject matter.

[0006] In a first general aspect, an attachment apparatus is provided to align a tool or
object and to secure an orientation device, such as a medical alignment device. The
attachment apparatus may include a base wall configured to provide a base alignment surface
for abutting or positioning adjacent a first portion or first surface of the medical alignment
device. The orientation device, such as the medical alignment device, operable to provide a
three-dimensional alignment of the tool at a desired insertion angle. This may be used, in
certain implementations, to align the tool to a body portion of a patient, such as a bone,

vertebra, for example. The attachment apparatus may further include a first side wall
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providing a side alignment surface for positioning or abutting a second portion or surface of
the medical alignment device; and an alignment support positioned relative to the base wall,
such as extending from the base wall, and configured to align with a portion of the tool. The
alignment support configured to align with the tool such that a constant or known angular
relationship is defined by an angle formed between an alignment surface of the attachment
apparatus and the tool. The orientation device, such as a medical alignment device, may
provide a notification when the medical alignment device aligned with the tool is provided at
the three-dimensional alignment of the insertion angle. The notification may be graphical,
visual, auditory, tactile, and may include notification vibrations, sounds, and/or images or
graphics.

[0007] In one aspect, the attachment apparatus further includes a second side wall
providing a second side alignment portion or surface for mating with part of the medical
alignment device. In some embodiments, the second side wall and the first side wall may
provide a secure fit when the medical alignment device is inserted into the attachment
apparatus. In some other embodiments, the second side wall and the first side wall may
include one or more engagement protrusions to increase friction forces against the medical
alignment device.

[0008] In another aspect, the attachment apparatus may further include a finger
profile positioned adjacent the first side wall for receiving fingers of a user when held. In
some embodiments, the finger profile may include one or more round or concave curves to
receive fingers of the user to reduce slippage.

[0009] In yet another aspect, the alignment support may be perpendicular, parallel, or

at a desired angle relative to the base wall.
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[0010] In another aspect, the base wall and the first side wall may form a matching
profile to at least the first portion or surface and the second portion or surface of the medical
alignment device.

[0011] In yet another aspect, the attachment apparatus may mate, attach, abut, join, or
align with the tool at a mating portion of the tool. In certain implementations, this may be a
cylindrical portion of the tool, or may include a coupling mechanism, and mate or join with
the attachment apparatus at the alignment support, and such may occur at different locations
of the tool, such as along a longitudinal axis of the tool. A magnetic coupling or mating may
be provide in certain implementations to align the attachment apparatus with the tool.

[0012] In another aspect, at least one of the base wall or the first side wall, or some
other portion, of the attachment apparatus may be magnetically attracted to the medical
alignment device to secure the medical alignment device thereon.

[0013] In a second general aspect, a system is disclosed for aligning a medical tool to
a desired orientation relative to a patient. The system includes a medical alignment device
that has an orientation sensor and a processor. The processor may be configured to simulate
a positioning of the medical tool with an image of a bone of the patient to determine a desired
insertion angle or alignment angle of the medical tool relative to the bone; determine an
orientation of the medical alignment device relative to the bone, such as to the plane of the
bone, using the orientation sensor; and output a notification when the orientation of the
medical alignment device is such that the medical alignment device is positioned at or about
the desired insertion angle or desired alignment angle of the medical tool relative to the bone.
This may be a three-dimensional or 3D alignment angle. The notification may include one or

more of a visual, auditory, or tactile notification. This may include, for example, a first
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graphical element that corresponds to the orientation of the medical alignment device, or
electronic device, relative to the bone.

[0014] The system further includes an attachment apparatus that secures the medical
alignment device and aligns or positions the medical alignment device relative to the medical
tool. The attachment apparatus includes a base wall providing a base alignment surface for
positioning adjacent or abutting a first surface of the medical alignment device, wherein the
medical alignment device is operable to align the medical tool to a body portion of a patient,
such as the bone; a first side wall providing a side alignment surface for positioning adjacent
or abutting a second surface of the medical alignment device; and an alignment support
positioned relative to the base wall, such as by extending from the base wall, and configured
to couple, mate, or reside adjacent the medical tool at a location that may be referred to as the
mating portion of the medical tool. The alignment support and the mating portion may be
operable to align such that a constant or known angular relationship is defined by an angle
formed between an alignment surface of the attachment apparatus and the medical tool.

[0015] In one aspect, the attachment apparatus may further include a second side wall
providing a second side alignment surface for mating with part of the medical alignment
device. In some embodiments, the second side wall and the first side wall provide a tight fit
when the medical alignment device is inserted into the attachment apparatus. In some other
embodiments, the second side wall and the first side wall may include one or more
engagement protrusions to increase friction forces against the medical alignment device.

[0016] In another aspect, the attachment apparatus may further include a finger

profile positioned adjacent the first side wall for receiving fingers of a user when held. In
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some embodiments, the finger profile may include one or more round or concave curves to
receive fingers of the user to reduce slippage.

[0017] In yet another aspect, the alignment support may be perpendicular or parallel
to the base wall.

[0018] In one aspect, the base wall and the first side wall may form a matching
profile to at least the first surface and the second surface of the medical alignment device.

[0019] In another aspect, the mating portion of the tool may be cylindrical and
coupleable to the alignment support of the attachment apparatus at different locations of the
tool along a longitudinal axis of the tool; and wherein at least one of the base wall or the first
side wall of the attachment apparatus is magnetically attracted to the medical alignment
device to secure the medical alignment device thereon.
[0020] In a third general aspect, a method is disclosed for providing a three-dimensional
alignment angle to align a tool. The method includes obtaining a first image of a target, such
as, for example, an axial view of a vertebra, and a second image of the target that is
orthogonal, or at a known angle, to the first image, such as a longitudinal view of the vertebra
in the first image. A first insertion point may be defined in the first image as well as a first
alignment angle in the first image. A second alignment angle defined in the second image is
provided that is at least partially dependent on the first alignment angle as viewed from the
second image. A three-dimensional alignment angle may be generated based on the first
alignment angle of the first image and the second alignment angle of the second image. In
certain implementations, a second insertion point may be provided in the second image that

is related to the first insertion point and/or the first alignment angle.
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[0021] The orientation of a device, such as a medical alignment device, that includes an
orientation sensor, may be monitored such that a notification is provided when the device is
positioned or oriented in the three-dimensional alignment angle position. The device may be
provided in an attachment apparatus and positioned adjacent the tool such that the tool may
also be provided or positioned at the three-dimensional alignment angle. The notification
may be auditory, visual, or tactile.

[0022] Other features and aspects are discussed in details herein and below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] For a more complete understanding of various embodiments and
implementations described herein, and the advantages thereof, reference is now made to the
following brief description, taken in connection with the accompanying drawings, detailed
description, and disclosure, wherein like reference numerals represent like parts, and in
which:

[0024] FIG. 1 illustrates definitions of a sagittal plane, a frontal plane, and a
transverse plane relative to a patient’s body;

[0025] FIG. 2A illustrates a cross-sectional, axial view of a vertebra having
pedicle screws installed in respective pilot holes;

[0026] FIG. 2B illustrates an example lateral view of a vertebra for installing
pedicle screws;

[0027] FIG. 2C illustrates an example posterior view of a vertebra for installing

pedicle screws;
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[0028] FIG. 3A presents a schematic diagram of an apparatus, which may be
referred to as a medical alignment device, used in accordance with an embodiment to define
and verify a three-dimensional alignment angle, which may also be referred to as an insertion
angle, for use in installing devices, objects, hardware, and the like at a desired alignment
angle;

[0029] FIG. 3B illustrates a schematic diagram of an axial view of a vertebra for
defining an alignment or insertion angle for a pilot hole in the vertebra in this plane;

[0030] FIG. 4A illustrates a schematic side view of a medical operation system
used in some embodiments for defining the sagittal angle of a pilot hole to be made in a
vertebra;

[0031] FIG. 4B illustrates a schematic front view of a medical operation system
used in some embodiments for defining the sagittal angle of a vertebra;

[0032] FIG. 5A illustrates an example flowchart for a method of determining an
orientation of an instrument for inserting a medical device in a bone, in accordance with one
or more embodiments of the present disclosure;

[0033] FIGS. 5B, 5C, and 5D illustrate example flowcharts for methods for
indicating the sagittal angle, transverse angle, and coronal angle, respectively, in accordance
with one or more embodiments of the present disclosure;

[0034] FIGS. 6A-6D illustrate example user interfaces for a computer-
implemented program to perform the methods shown in FIGS. 5A-5D, wherein FIG. 6A
illustrates an interface for selecting vertebra of a patient, FIG. 6B illustrates aligning the
longitudinal axis of the apparatus with the sagittal plane, FIG. 6C illustrates defining a

pedicle screw’s position and its sagittal angle, and FIG. 6D illustrates generating an angle-
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indicative line for showing the angle between the longitudinal axis of the apparatus and the
sagittal plane;

[0035] FIG. 7 illustrates an example of aligning the apparatus or medical
alignment device;

[0036] FIG. 8 presents a schematic diagram of a system used in accordance with
an embodiment to define and verify an insertion angle for a pilot hole in a vertebra;

[0037] FIG. 9 illustrates an example flowchart for a method of determining and
displaying an orientation of an instrument for inserting a medical device in a bone, using an
augmented reality device, in accordance with one or more embodiments of the present
disclosure;

[0038] FIG. 10 illustrates the system of FIG. 8 in use to assist with inserting a
medical device in a bone;

[0039] FIG. 11 illustrates an augmented reality display presented by the system of
FIG. 8 showing an orientation angle for an instrument for inserting a medical device in a
bone;

[0040] FIG. 12 illustrates a virtual representation presented by the system, such as
the medical alignment device or electronic device of FIG. 8, showing an axial view of a
vertebra with a proposed alignment position of a pedicle screw shown that includes an
insertion point and alignment angle for insertion or installation of the medical device into the
bone or vertebra in this plane;

[0041] FIGS. 13A and 13B illustrate a virtual representation showing an
orthogonal, lateral view of the vertebra and pedicle screw as set in the plane of FIG. 12, with

the user able to establish the insertion location and alignment angle of the pedicle screw to be
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set in this plane so that the system, such as a medical alignment device, now has enough
information as to the location of the pedicle screw in two orthogonal planes to determine a
three-dimensional alignment angle for the installation of the pedicle screw in this vertebra;

[0042] FIG. 14 illustrates an example application of the aligning method
presented in FIG. SA in which the medical device is not properly angled for insertion into the
bone;

[0043] FIG. 15 illustrates an example application of the aligning method
presented in FIG. SA in which the medical device is not properly angled for insertion into the
bone, yet is more properly aligned than it was in FIG. 14;

[0044] FIG. 16 illustrates an example application of the aligning method
presented in FIG. SA in which the medical device is properly angled for insertion into the
bone;

[0045] FIG. 17 illustrates the example applications shown in FIGS. 14-16 in
operation on a smartphone;

[0046] FIG. 18 illustrates a user interface of the device of FIG. 3A in operation
when selecting different views of a bone.;

[0047] FIG. 19 illustrates a perspective view of an embodiment of the attachment
apparatus;

[0048] FIG. 20 illustrates a front view of the embodiment of the attachment
apparatus of FIG. 19;

[0049] FIG. 21 illustrates a cross-sectional side view of the embodiment of the

attachment apparatus of FIG. 19;

11
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[0050] FIG. 22 illustrates a perspective view of another embodiment of the
attachment apparatus;

[0051] FIG. 23 illustrates a front view of the other embodiment of the attachment
apparatus of FIG. 22;

[0052] FIG. 24 illustrates a cross-sectional side view of the other embodiment of
the attachment apparatus of FIG. 22; and

[0053] FIG. 25 is an example flowchart illustrating a method for providing a
three-dimensional alignment angle to align a tool.

[0054] Like elements are indicated with like reference numerals.

DETAILED DESCRIPTION

[0055] In the following detailed description and the attached drawings and
appendices, numerous specific details are set forth to provide a thorough understanding of the
present disclosure. However, those skilled in the art will appreciate that the present
disclosure may be practiced, in some instances, without such specific details. In other
instances, well-known elements have been illustrated in schematic or block diagram form in
order not to obscure the present disclosure in unnecessary detail. Additionally, for the most
part, specific details, and the like, have been omitted inasmuch as such details are not
considered necessary to obtain a complete understanding of the present disclosure, and are
considered to be within the understanding of persons of ordinary skill in the relevant art.

[0056] It is further noted that, unless indicated otherwise, all functions described
herein may be performed in hardware or as software instructions for enabling a computer,

radio or other device to perform predetermined operations, where the software instructions

12
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are embodied on a computer readable storage medium, such as RAM, a hard drive, flash
memory or other type of computer readable storage medium known to a person of ordinary
skill in the art. In certain embodiments, the predetermined operations of the computer, radio
or other device are performed by a processor such as a computer or an electronic data
processor in accordance with code such as computer program code, software, firmware, and,
in some embodiments, integrated circuitry that is coded to perform such functions.
Furthermore, it should be understood that various operations described herein as being
performed by a user may be operations manually performed by the user, or may be
automated processes performed either with or without instruction provided by the user.
[0057] This disclosure describes an attachment apparatus to secure a device, such
as a medical alignment device to align a tool. The attachment apparatus is not fully disclosed
until after the medical alignment device is described. Although the medical alignment device
is a term used herein, it does not have to concern a "medical" procedure and may be
considered an alignment device with application to medical procedures or any situation in
which a three-dimensional alignment angle is needed or desired. The alignment device is
illustrated herein as a medical alignment device in the context of installing one or more
pedicle screws at a desired three-dimensional alignment angle (also referred to as a three-
dimensional insertion angle) in the vertebra of a patient. Thus, the present disclosure focuses
primarily on a system for indicating an angle formed for drilling a pilot hole (also referred to
herein as a tract) for receiving a pedicle screw. Tools used to create such a pilot hole and/or
to install or screw in a pedicle screw may use such a system to ensure the correct or desired
alignment/insertion angle is being provided. In certain implementations, a reference plane

such as, for example, the sagittal plane may be used.

13
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[0058] The attachment apparatus, described more fully below in connection with
FIGS. 19-24, may secure an electronic alignment device, also referred to herein as a medical
alignment device, and enables accurate and precise alignment between the alignment device
and a tool, such as a medical tool, for performing a function, such as an operation on a
patient or installing a pedicle screw. The alignment device is operable to provide accurate
alignment between the medical tool and a desired orientation relative to the patient, such as,
for example, an insertion of pedicle screws at the desired alignment angle or orientation. The
desired angle may be a three-dimensional alignment (or insertion) angle, a transverse angle,
sagittal angle, or any other angle. Certain alignments are used, in some embodiments, for the
creation of pilot holes, such as pilot holes for the installation of pedicle screws.

[0059] The attachment apparatus may include structural features, such as surfaces
for positioning adjacent to (or abutting with) the alignment device, and thus providing an
accurate reference plane to, a surface of the electronic alignment device. The attachment
apparatus may further include at least two side surfaces, or side edges, or side extrusions, for
frictionally fitting side surfaces of the electronic alignment device. For example, the
attachment apparatus may include two side surfaces or edges distanced less than a width of
the electronic alignment device and applying a clamping force on the electronic alignment
device when inserted therein. The clamping force produces a friction securing the electronic
alignment device to the attachment apparatus. The attachment apparatus may align with or
adjacent a tool, such as a medical tool, using an alignment support, and possibly a coupling
or mating configuration.

[0060] FIG. 1 illustrates a sagittal or median plane 110, a frontal or coronal plane

120, and a horizontal or transverse plane 130 relative to a patient’s body part 100 located at

14
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the intersection of the sagittal plane 110, the coronal plane 120, and the transverse plane 130.
Each plane is orthogonal to each other such that if the position or orientation of an object,
device, or medical hardware, such as a pedicle screw, is known in two of the orthogonal
planes, the three-dimensional orientation angle of such item may be calculated or known.
When discussing a vertebra (or other body parts) in the following disclosure, reference is
made to the sagittal plane, coronal plane, and transverse plane. It should be understood that,
when these planes are mentioned, they are not intended as a reference only to the specific
sagittal, coronal, and transverse planes illustrated in FIG. 1, but rather, are intended as a
reference to illustrate an orientation or location relative to the specific vertebra or body part
being discussed.

[0061] FIG. 2A illustrates a cross-sectional, axial view (may be referred to as a
superior view) 200 of a vertebra 205 having pedicle screws 210 installed in respective pilot
holes 220. A driver 230 may be used to screw the pedicle screws 210 positioned in pilot
holes 220. Various shapes and types of pedicle screws 210 and driver 230 may be used. The
pedicle screws 210 and driver 230 shown in FIG. 2A are for illustrative purpose only. A
mating portion 252 of the driver 230, which may be referred to as a tool or a medical tool,
may be provided to allow a medical alignment device in an attachment apparatus to "mate" or
position adjacent such mating portion 252 to ensure that the driver 230 is installing the
pedicle screw at a desired alignment angle, such as a three-dimensional alignment angle.
FIG. 2B illustrates a lateral view (i.e., side view) 250 of a vertebra, which could be an
orthogonal view of the vertebra 205 of Fig. 2A. FIG. 2C illustrates a posterior view 270 of a
vertebra. The following discussion focuses on properly creating the pilot holes with a tool

guided by the present disclosure.
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[0062] FIG. 3A presents a schematic diagram of an apparatus 300, which may be
referred to as a medical alignment device or alignment device, used in accordance with an
embodiment to define and verify an angle, such as a three-dimensional alignment angle, for
use in installing devices, objects, hardware, and the like, such as to align a pilot hole, or tract,
such as the pilot hole 220 of FIG. 2. The apparatus 300 has an axis 305 (such as, for
example, a longitudinal axis) that is used in some embodiments to align the apparatus 300 for
image capture. The apparatus 300 includes an image acquisition unit 320 (or camera) for
capturing an image 310 of the vertebra. In some embodiments, the image 310 may be
obtained by positioning the apparatus 300 and/or image acquisition unit 320 in parallel with
the transverse, sagittal, or coronal plane to obtain an image of the vertebra. These images
may be diagnostic images such as, for example, CT scans, MRI scans, X-rays, and the like of
items of interest, such as a vertebra. In some implementations, an attachment support and/or
mechanism 308 is used to align and/or secure the apparatus 300 to a tool that creates a pilot
hole for example.

[0063] In some embodiments, the image acquisition unit 320 can be a camera
having sufficient field of view 360 to properly align the axis 305 of the apparatus 300 with a
desired plane. In some embodiments, the axis 305 is representative of a vertical line centered
laterally with respect to the image being captured. For example, if the desired image is
intended to capture the vertebra from a cross sectional, axial view (e.g., see FIG. 2A), the
axis 305 is aligned with the sagittal plane (i.e., the plane that is sagittal to the vertebra) and
the image acquisition unit 320 is positioned parallel to the transverse plane to capture the top-
down view of the vertebra shown in FIG. 2A. If the desired image is intended to capture the

vertebra from a side view (e.g., a lateral image of the vertebra, see FIG. 2B), the axis 305 is

16
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aligned with the transverse plane (i.e., the plane that is transverse to the vertebra) and the
image acquisition unit 320 is positioned parallel to the sagittal plane. If the desired image is
intended to capture the vertebra from a posterior or anterior view (see, for example, FIG.
2C), the axis 305 is aligned with the sagittal plane and the image acquisition unit 320 is
positioned parallel to the coronal plane.

[0064] In some embodiments, the image 310 may be a processed diagnostic
image, e.g., an image displayed on a screen, a film, or a printed photograph. In other
embodiments, the image acquisition unit 320 can directly use an image taken from an
external machine (not illustrated), such as a radiograph, computed tomography (CT) scanner,
or a magnetic resonance imaging (MRI) machine.

[0065] The orientation apparatus 330 is operable to detect changes in movement,
orientation, and position. In some embodiments, the orientation apparatus 330 includes at
least one of a gyroscope 332, an inertial measurement unit 334, and an accelerometer 336, in
other embodiments it may only include the gyroscope 332 with three axes of rotation to be
able to determine a three-dimensional orientation of the apparatus 300. The gyroscope 332 is
operable to measure at least one axis of rotation, for example, the axis parallel to the
intersection of the sagittal plane and the coronal plane. In other embodiments, the gyroscope
332 includes more than one sensing axes of rotation, such as three axes of rotation, for
detecting orientation and changes in orientation. The inertial measurement unit 334 can
detect changes of position in one or more directions in, for example, a cardinal coordinate
system. The accelerometer 336 can detect changes of speeds in one or more directions in, for

example, a cardinal coordinate system. In some embodiments, data from all components of
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the orientation apparatus 330 are used to calculate the continuous, dynamic changes in
orientation and position.

[0066] The apparatus 300 further includes, in some embodiments, an input
component 340 that is operable to receive user input, such as through a keypad or
touchscreen, to receive a device, such as a pedicle screw to be installed in a vertebra,
insertion location and the desired angle representing an insertion direction of the pedicle
screw. An example illustration of the user input component 340 is presented in accordance
with FIGS. 6A-6D, as well as FIGS. 12, 13A, 13B, and 18. In some embodiments, the input
component 340 can include a multi-touch screen, a computer mouse, a keyboard, a touch
sensitive pad, or any other input device.

[0067] In some embodiments, the apparatus 300 further includes a processor 350.
The processor 350 can be any processing unit capable of basic computation and capable of
executing a program, software, firmware, or any application commonly known in the art of
computer science. As to be explained, the processor 350 is operable to generate a three-
dimensional alignment angle based on alignment inputs from to views orthogonal to one
another, and to output an angle-indicative line representing the orientation of a device, such
as a pedicle screw, pilot hole, etc. on the display showing a diagnostic image where the
device, such as a pedicle screw, is to be installed. In some embodiments, the angle-indicative
line provides a notation that the orientation of the apparatus 300 approximately forms the
desired angle. The angle-indicative line is not limited to showing sagittal angles, but also
angles in different planes, such as, for example, the coronal plane or the transverse plane.

[0068] The apparatus 300 may, in some embodiments, further include a memory

storage unit 352 and network module 354. The memory storage unit 352 can be a hard drive,
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random access memory, solid-state memory, flash memory, or any other storage device.
Memory storage unit 352 saves data related to at least an operating system, application, and
patient profiles. The network module 354 allows the apparatus 300 to communicate with
external equipment as well as communication networks.

[0069] In some embodiments, the apparatus 300 further includes a display 360.
In some embodiments, the display 360 is a liquid crystal display that also serves as an input
using a multi-touch screen. In some embodiments, the display 360 shows the angle-indicative
line to a user and provides a notification when the apparatus is approximately aligned with
the predefined desired angle, as determined by the gyroscope 332 or the orientation apparatus
330. For example, the notification can include a highlighted line that notifies the user the
axis 305 has reached the desired angle, or is within an acceptable range of the desired angle.
The apparatus 300 may provide any number of notifications to a user, including visual,
auditory, and tactile, such as, for example, vibrations. The apparatus 300 will include a
speaker as well as a device to impart vibrations to a user to alert or notify a user.

[0070] Referring briefly to FIG. 7, in some implementations, the apparatus 300
(i.e., the medical alignment device) further includes an attachment support or mechanism 700
(also 308 of FIG. 3A) (i.e., the attachment apparatuses 1900 and 2200, detailed illustrated in
FIGS. 19-24) that allows the medical alignment device or apparatus 300 to be attached or
provided adjacent to a tool, medical hardware, or equipment (i.e. a medical tool 730). The
attachment apparatus 700 may be made of plastic, stainless steel, titanium, or any other
material. The attachment apparatus 700 couples to the medical alignment device or
apparatus 300 to the tool 730 by, for example, providing a casing that is attached to the

medical alignment device 300 and is configured to connect to or abut the medical tool 730,
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for example, by aligning a first surface 710 of the medical alignment device 300 to the
attachment apparatus 700 and thus to the medical tool 730. For example, the attachment
apparatus 700 may be aligned to a longitudinal axis 740 of the medical tool 730. As such,
orientation sensors in the medical alignment device 300 are properly aligned with the
longitudinal axis 740.

[0071] In other implementations, a second surface 712 and a third surface 714 of
the medical alignment device 300 may be used to secure and/or align the medical alignment
device 300 to the attachment apparatus 700. In some embodiments, the attachment apparatus
700 may include a magnetic attachment apparatus for coupling the medical alignment device
300 to the tool 730 or to the attachment apparatus 700. The attachment apparatus 700 allows
the medical alignment device 300 to provide real-time measurement and display of the
orientation of the attached or aligned medical tool 730. Two example embodiments of the
attachment apparatus are illustrated in FIGS. 19-24.

[0072] Turning now to FIGS. 19-24, FIGS. 19-21 illustrate a first embodiment of the
attachment apparatus 1900, respectively in a perspective view, a front view, and a cross-
sectional side view. The attachment apparatus 1900 may be used in the place of the
attachment support/apparatus 308 of FIG. 3A. The attachment apparatus 1900 includes a base
wall 1910 providing a base alignment surface 1912 for abutting the first surface 710 of the
medical alignment device 300 in FIG. 7, and a first side wall 1920 providing a side alignment
surface1922 for abutting the second surface 712 of the medical alignment device 300. The
attachment apparatus 1900 may further include an alignment support 1905. The alignment
support 1905 may extend from the base wall 1910 and can be configured to couple with a

mating portion 252 (for example, shown in FIG. 2A) of the tool (e.g., such as the driver 230
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or the medical tool 730). The alignment support 1905 and the mating portion 252 are
operable to align such that a constant or known angular relationship is provided. As a
consequence, the relationship or positioning relative to the medical alignment device 300
positioned in the attachment apparatus 1900 is known.

[0073] In some embodiments, the attachment apparatus 1900 further includes a
second side wall 1925 providing a second side alignment surface 1927 for mating with part
of the medical alignment device 300, such as the third surface 714. The second side wall
1925 and the first side wall 1920 may provide a secure fit when the medical alignment device
300 is inserted into the attachment apparatus 1900. The secure fit may be provided by a
frictional force produced when the distance between the first side wall 1920 and the second
side wall 1925 is slightly less than the width between the second face 712 and the third face
714 of the medical alignment device 300. This dimensional difference slightly compresses or
holds the medical alignment device 300 and slightly bends the attachment apparatus 1900,
thus creating a clamping force that results in the frictional force.

[0074] In some embodiments, the secure fit may be provided by one or more
engagement protrusions 1940 on either one or both of the first and the second side walls 1920
and 1925. In the example as shown, the engagement protrusions 1940 may be a lip or edge
that is operable to embrace or contain a thickness of the medical alignment device 300. A
similar tight fit by a dimensional difference between a distance of the extrusion 1940 to the
back surface 1915 and the thickness of the medical alignment device 300 can produce a
frictional force securing the medical alignment device in the attachment apparatus 1900. In
other examples, though not illustrated, one or more protrusions on the side walls 1920 and

1925 may fit with corresponding one or more notches (not shown) in the medical alignment
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device 300. Other configurations to secure the medical alignment device 300 to the
attachment apparatus are possible, including a magnetic fit.

[0075] As shown, the attachment apparatus 1900 further includes a finger profile
1930 positioned adjacent the side walls 1920 and 1925 for receiving fingers of a user when
held. For example, the finger profile 1930 can include one or more curved surfaces sized to
fit a human finger such that the finger profile 1930 provides a greater surface of contact than
a flat profile does. The finger profile 1930 may include one or more round or concave curves
to receive fingers of the user to reduce slippage. In the embodiment as illustrated, each side
wall 1920 and 1925 provides three curved surfaces such that the alignment apparatus 1900
may be held by engaging a thumb on one side and three other fingers on the other side. In
other embodiments, each side wall 1920 and 1925 may provide more or fewer number of
curved surfaces.

[0076] As shown, the alignment support 1905 can extend from and be perpendicular
to the base wall 1910. In some embodiments, the alignment support 1905 may be rotatable
about the base wall 1910, such as hinged for example, to provide an adjustable angular
relationship between the base wall 1910 and the alignment support 1905. In some
embodiments, the alignment support 1905 may be affixed onto the base well 1910 using a
fastener or the like. In a different configuration, such as that shown in FIGS. 22-24, the
alignment support 1905 may be parallel to the base wall 1910.

[0077] In some embodiments, to secure the medical alignment device 300, the base
wall 1910 and its alignment surface 1912, and the first side wall 1920 and its alignment
surface 1922 of the attachment apparatus 1900, form a matching profile (e.g., such as a

rounded rectangle, a chamfered rectangle, or any shapes conforming to the shape of the
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medical alignment device 300). As shown, the base wall 1910 and the first side wall 1920
form a matching profile of two perpendicular sides to conform to the first surface 710 and the
second surface 712 of the medical alignment device 300.

[0078] In some embodiments, the mating portion 252 of the tool (such as the driver
230) is a cylindrical portion that is engageable or mateable to the alignment support 1905 of
the attachment apparatus 1900 at different locations of the tool 230 along the longitudinal
axis 740 of the tool 730 or the tool 230. For example, as shown in FIG. 20, the alignment
support 1905 includes an inner surface 1907 (also called an alignment surface of the
alignment support 1905) having a half-cylindrical profile around the axis 1908. When the
alignment support 1905 is coupled to or positioned adjacent to the tool 230 or 730, the
longitudinal axis of the tool 230 (or the tool 730) is aligned with the axis 1908 to provide
proper alignment.

[0079] In some embodiments, the at least one of the base wall 1910 or the first side
wall 1920 of the attachment apparatus 1900 is magnetically attracted to the medical
alignment device 300 to secure the medical alignment device 300 thereon. For example, the
first side wall 1920 may be embedded with a magnet and the medical alignment device 300
can include ferromagnetic components to interact with the embedded magnet. In other
embodiments, the medical alignment device 300 itself may include one or more magnets and
the attachment apparatus 1900 may be made of a ferromagnetic material.

[0080] . Similar to FIGS. 19-21, FIGS. 22-24 illustrate a second embodiment of the
attachment apparatus 2200, respectively in a perspective view, a front view, and a cross-
sectional side view. In the second embodiment, the alignment support 2205 is parallel to the

base wall 1910. The alignment support 2205 includes an inner surface 2207 (also called an
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alignment surface) coupleable to or aligned adjacent to the mating portion 252 of the tool 230
or the tool 730. The inner surface 2207 may have a half-cylindrical profile around the axis
2208, which is aligned with the longitudinal axis 740 when the alignment support 2205 is
coupled with the mating portion 252. In certain embodiments, the inner surface 2207 of the
alignment support 2205 may include an adhesive, semi-tacky material, conforming, slip-
resistant material, or conforming material to allow the attachment apparatus 2200 holding the
medical alignment device 300 to more easily mate our couple with the tool 230 or or the tool
730 at a desired mating portion 252. The mating portion 252 of the tool 230 or the tool 730
may be coupleable to or alignable with the alignment support 2208 of the attachment
apparatus 300 at different locations of the tool 730 or the tool 230 along the longitudinal axis
740.

[0081] Returning to FIG. 3B, a schematic diagram of an axial view of a vertebra
defining an alignment or insertion angle for a pilot hole in the vertebra in this plane for
insertion or installation of a pedicle screw is provided. This view or diagnostic image of the
vertebra may be electronically transmitted to the medical alignment device 300, or the view
or image may be captured from a monitor or display of a diagnostic image using the image
acquisition unit 320 of the medical alignment device 300 (sometimes referred to as apparatus
300). A sagittal angle 370 may be defined for the pilot hole 220 in the vertebra 205 that
starts at the initial position 375, which may be referred to as the insertion location. The
display 360 shows the field of view of the view captured by the image acquisition unit 320,
assuming that was how the image was acquired, and allows a user to align the axis 305 of the

apparatus 300 with the desired plane (e.g., the sagittal plane). In the embodiment shown in
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FIG. 3B, the sagittal angle 370 is the angle between the central axis 365 of the pilot hole 220
and the sagittal plane.

[0082] FIG. 4A illustrates a schematic side view of a medical operation system
400 used in some embodiments for defining the sagittal angle 370 of a pilot hole to be made
in a vertebra which may be used in some embodiments for defining the sagittal angle 370 of
the vertebra shown in FIGS. 3A and 3B. The medical operation system 400 includes a
machine 410 for capturing a cross-sectional view of the vertebra 205. The machine 410 may
be, for example, a CT scanner or MRI machine. The patient exits the machine 410 after the
image is taken, as shown in FIG. 4B.

[0083] FIG. 4B illustrates a schematic front view 450 of the medical operation
system 400 taken in the transverse plane for defining the sagittal angle 370 of the vertebra
205. The front view axis 460 (and correspondingly, the side view axis 470) of the pilot hole
should to be precisely defined for the drilling guide 455. In some embodiments, the apparatus
300 may be attached to the drilling guide 455 with the attachment support/mechanism 308.
Defining and verifying the sagittal angle 370 may be performed at the apparatus 300, as
explained in connection with the method illustrated in FIG. 5B.

[0084] First, however, an example method of determining an orientation of an
instrument for inserting a medical device in a bone is now described with reference to the
flowchart 501 of FIG. 5A. A diagnostic image is obtained at the apparatus 300 and
displayed. An insertion point and a desired orientation of a simulated surgical hardware
installation are simulated and displayed on a diagnostic representation of a bone at block 502
and the desired alignment orientation is stored. Proceeding to block 503, the apparatus or

medical alignment device 300 with orientation sensor, such as gyroscope 332, is used to align
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a tool, such as a medical tool, drill or the like for inserting or installing the surgical hardware
at the desired alignment orientation from block 502 and through the insertion point of the
bone by indicating when an orientation of the medical alignment device 300 is within a
threshold of the simulated orientation with the desired alignment angle.

[0085] Simulating the insertion point and the orientation of the simulated surgical
hardware installation on the diagnostic representation of the bone includes acquiring the
diagnostic representation of the bone at block 504, aligning the diagnostic representation of
the bone with a reference point at block 505, designating the insertion point of the simulated
surgical hardware installation on the diagnostic representation of the bone at block 506, and
designating the orientation of the simulated surgical hardware installation on the diagnostic
representation of the bone relative to the reference point at block 507.

[0086] If block 502 is repeated using a second diagnostic representation of the
bone that is orthogonal to the first diagnostic representation, the same steps 504 through 507
may be repeated on the second diagnostic representation with the location of the simulated
surgical hardware constrained to the selections or settings made when the insertion point and
orientation were selected in the first diagnostic representation. Once this is done, a three-
dimensional alignment angle may be calculated or determined. This may be done by the
apparatus or medical alignment device 300.

[0087] Using the electronic device, which may be the apparatus or medical
alignment device 300, to align the instrument or tool for inserting the surgical hardware
installation at the desired orientation through the insertion point includes aligning the
electronic device with the instrument or tool at the insertion point in block 508, tracking

movement or orientation of the electronic device and the instrument or tool using an
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orientation sensor, such as gyroscope 332, of the electronic device until the orientation of the
electronic device and the instrument are within the threshold of the simulated orientation at
block 509, and indicating when the electronic device and the instrument are within the
threshold of the simulated orientation at block 511. The indication may be visual, auditory,
or tactile. The orientation of the electronic device, and hence the alignment of the instrument
or tool, may be a two-dimensional alignment angle, in certain implementations, or a three-
dimensional alignment angle. FIG. 7 illustrates an example application of the alignment of
block 508.

[0088] FIGS. 5B, 5C, and 5D illustrate example flowcharts for methods for
indicating or determining a desired alignment angle, which also may be referred to as an
insertion angle, in the: (i) sagittal plane, which may be referred to as the sagittal angle, (i)
the transverse plane, which may be referred to as the transverse angle, and (ii1) the coronal
plane, which may be referred to as the coronal angle, respectively, in accordance with one or
more embodiments of the present disclosure. Each of these methods may be thought of as
generating or determining a two-dimensional alignment angle in their respective plane.

[0089] FIG. 5B illustrates an example flowchart 500 of a method for indicating
the sagittal angle 370. The method of the flowchart 500 is for verifying any insertion angle
370 of the pilot hole 220 in the sagittal plane 110 for receiving a pedicle screw 210 in the
vertebra 205. At 510, the axis 305 of the apparatus 300 is aligned or is oriented with the
sagittal plane of an image of the vertebra, in this embodiment. In some embodiments, a user
may hold the apparatus 300 and rotate the apparatus 300 to match a marking indicating the
axis 305 with features of the vertebra 205 that indicate the sagittal plane. In some

embodiments, the marking may be displayed on the screen as the user aligns the device. In
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other embodiments, the image of the vertebra (or other desired object or bone) is a diagnostic
image that is displayed on the apparatus 300, which may be a medical alignment device 300,
and is already oriented in some manner to the sagittal plane.

[0090] At 520, the image of the cross-sectional view is captured in the transverse
plane. In one embodiment, the apparatus 300 includes a smart phone, a tablet computer, a
laptop computer, or any portable computational device including those that include a camera
for capturing a representation of the cross-sectional view of the vertebra 205. In other
embodiments, the image of the vertebra 205 may be sent or transmitted to the apparatus 300
via a wired or wireless connection to be displayed on the apparatus 300 such that no physical
representation (e.g., films, photos, monitors) may be needed for this step.

[0091] At 530, definitions of the insertion sagittal angle 370 of the pilot hole 220
and the initial position 375, also referred to as the insertion location, of the pilot hole 220 are
provided or specified by a user. This input operation may be performed using various input
devices of the apparatus 300, including a computer mouse, a keyboard, a touchscreen, or the
like. In one embodiment, a multi-touch screen (e.g., the display 360) is used for both
displaying the image and receiving the definition input from a user. Example illustrations of
this input are provided in FIGS. 6A-6D, where the insertion location or initial position 375 of
the pilot hole 220 for the installation of a pedicle screw are established by locating (or
simulating) graphically the insertion location on the displayed diagnostic image, and the
applicable alignment angle for the displayed plane may defined by moving or locating (or
simulating) the desired position of the alignment angle of the pilot hole/pedicle screw.

[0092] At 540, an angle-indicative line is generated by a processor and displayed

on the display 360 along with the diagnostic image. The angle-indicative line can rotate in
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response to the apparatus 300 rotation and provides a notification when the orientation or
position of the apparatus 300 approximately forms the insertion sagittal angle 370 between
the apparatus 300 longitudinal axis 305 and the sagittal plane. In some implementations, the
angle-indicative line is a rotating line generated in the display 360 that allows a user to
constantly monitor the change of orientation of the apparatus 300. The orientation monitoring
is performed with an orientation apparatus 330. More specifically, in some embodiments, a
gyroscope 332 that includes at least one axis of rotation may provide the function of
monitoring the orientation or position of apparatus 300 to generate the current orientation of
the apparatus 300. This current orientation may be compared to the desired insertion angle
(or alignment angle) discussed above in connection with 530 to determine whether or not
alignment exists or the extent of alignment, and this may be compared or shown graphically.

[0093] The indicative line may generate notations in various forms, including a
visual alert such as highlighting the angle-indicative line, an audio alert such as providing a
continuous sound with variable frequency indicative of the proximity between the current
angle and the desired angle, and a small vibration that allows the user to notice the angular
change. It should be appreciated that any audio alert may be used, such as a single sound or
series of sounds when the desired angle is reached. Likewise, a single vibration or a series of
vibrations may be emitted when the desired angle is reached. In some implementations, the
flowchart 500 illustrated in FIG. 5B may be applicable for generating indication angles in the
transverse plane or the coronal plane for indicating a respective transverse angle or a coronal
angle.

[0094] FIG. 5C illustrates a flowchart 550 of an implementation for indicating a

transverse angle, which is an angle with respect to the transverse plane of the vertebra. The
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method of the flowchart 550 is for verifying any pedicle screw insertion angle in the
transverse plane of the vertebra 205. At 560, the axis 305 of the apparatus 300 is aligned
with the transverse plane. In some embodiments, a user may hold the apparatus 300 and
rotate the apparatus 300 to match a marking indicating the axis 305 with features of the
vertebra 205 that indicate the transverse plane. In some embodiments, the marking may be
displayed on the screen as the user aligns the device.

[0095] At 570, an image of the posterior view is captured or provided in the
coronal plane. In one embodiment, the apparatus 300 includes a smart phone, a tablet
computer, a laptop computer, or any portable computational device including those that
include a camera for capturing a representation of the cross-sectional view of the vertebra
205. In other embodiments, the image of the vertebra 205 may be sent to the apparatus 300
via a wired or wireless connection to be displayed on the apparatus 300 such that no physical
representation (e.g., films, photos, monitors) may be needed for this step.

[0096] At 580, definitions of the insertion angle in the transverse plane 130, and
the initial position 375 of the pilot hole are provided by a user, as similar to the sagittal angle
defined at 530.

[0097] At 590, an angle-indicative line for the corresponding transverse angle is
generated by a processor and displayed on the display 360. The angle-indicative line can
rotate in response to the apparatus 300 rotation and provides a notification when the
apparatus 300 approximately forms the insertion transverse angle, as defined in step 580,
between the apparatus 300 longitudinal axis 305 and the transverse plane. In some
implementations, the angle-indicative line is a rotating line generated in the display 360 that

allows a user to constantly monitor the change of orientation of the apparatus 300. The
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orientation monitoring is performed with an orientation apparatus 330. More specifically, in
some embodiments, a gyroscope 332 that includes at least one axis of rotation may provide
the function of monitoring the orientation or position of the apparatus.

[0098] FIG. 5D illustrates a flowchart 555 of another implementation for
indicating a coronal angle. The method of the flowchart 555 is for verifying any insertion
angle of a pedicle screw 210 in the vertebra 205 in the coronal plane 120. At 565, the axis
305 of the apparatus 300 is aligned with the coronal plane. In some embodiments, a user
may hold the apparatus 300 and rotate the apparatus 300 to match a marking indicating the
axis 305 with features of the vertebra 205 that indicate the coronal plane. In some
embodiments, the marking may be displayed on the screen as the user aligns the device.

[0099] At 575, the image of the lateral view is captured in the sagittal plane. In
one embodiment, the apparatus 300 includes a smart phone, a tablet computer, a laptop
computer, or any portable computational device including those that include a camera for
capturing a representation of the posterior view of the vertebra 205. In other embodiments,
the image of the vertebra 205 may be sent to the apparatus 300 via a wired or wireless
connection to be displayed on the apparatus 300 such that no physical representation (e.g.,
films, photos, monitors) may be needed for this step.

[00100] At 585, respective definitions of the insertion angle in the coronal plane
120, and the initial position 375 of the pilot hole are provided by a user, as similar to the
sagittal angle defined at 530.

[00101] At 595, an angle-indicative line for one of the corresponding coronal angle
is generated by a processor and displayed on the display 360. The angle-indicative line can

rotate in response to the apparatus 300 orientation and provides a notification when the
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apparatus 300 approximately forms the insertion coronal angle between the apparatus 300
longitudinal axis 305 and the coronal plane. In some implementations, the angle-indicative
line is a rotating line generated in the display 360 that allows a user to monitor the change of
orientation of the apparatus 300. The orientation monitoring is performed with an orientation
apparatus 330 of the apparatus 300. More specifically, in some embodiments, a gyroscope
332 that includes at least one axis of rotation may provide the function of monitoring the
apparatus’s orientation or position.

[00102] FIGS. 6A-6D illustrate examples of user interfaces for controlling a
computer implemented program to perform the methods shown in FIG. 5A-5D. FIG. 6A
illustrates an interface 600 for selecting vertebra of a patient, FIG. 6B illustrates displaying a
diagnostic image and aligning (or confirming the alignment) the axis 305 of the apparatus
300 with the sagittal plane of the image, FIG. 6C illustrates defining a pedicle screw’s
position, including its insertion location or entry point at the cross hair, and its sagittal angle
370 on the diagnostic image, and FIG. 6D illustrates generating an angle-indicative line 652
for showing the angle between the longitudinal axis of the apparatus and the sagittal plane. In
some embodiments, the angle-indicative line may represent a virtual gear shift pedicle probe,
or other instrument for aligning a pedicle screw or pilot hole. When the virtual gear shift or
angle is properly aligned, the virtual gear shift may change colors, or may change length or
width. The angle-indicative line can rotate or reorient in response to the apparatus 300
rotation or reorientation, and provides a notification when the apparatus 300 approximately
forms the desired alignment angle in this view between the apparatus 300 longitudinal axis

305 and the desired alignment angle.
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[00103] In FIG. 6A, the patient's profile may be selected or added by typing the
last name of the patient in the window 610. The corresponding vertebra for the desired angle
is selected in the window 620. The camera button 640 allows a user to take a picture of a
diagnostic image of the actual vertebra or to receive such a diagnostic image. The diagnostic
image or picture is shown in the window 630. The button 650 allows the user to move onto
the next step. As previously discussed, the picture at the vertebra may be provided without
use of the camera or camera button 640.

[00104] For example, by using a camera of a mobile device, a user can take a
picture of an axial view (either CT or MRI) in the transverse plane 130, of the desired
vertebral body 205. Use the line 622 to line up the vertebral body so that it is proximately
vertical for aligning with the sagittal plane (or other desired plane), as shown in FIG. 6B. A
retake button 624 allows the user to go back to the previous steps to retake the image to
ensure the alignment is proper. The button 626 allows the user to select the current photo to
be used in the following operations.

[00105]  After selecting button 626, the user may be returned to the detail view as
shown in FIG. 6C. The photo may, in some embodiments, be automatically flipped to
approximate its position during surgery. Button 642 may be selected to flip the orientation of
the photo. For example, the RL button 642 can be used to flip the picture (and pedicle screw)
depending on whether the surgeon is placing the screw while looking towards the patient's
head (e.g., in the longitudinal axis toward the cephalad direction) or towards their feet (e.g.,
in the longitudinal axis toward the caudal or caudad direction).

[00106] The user next selects the optimal pedicle screw position by selecting the

navigation button 644 to move the simulated pedicle screw to a desired location by moving
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the crosshairs 633 to the cortical entry point of the screw, for example, by tapping the entry
point button 632 to confirm, and then tapping the trajectory button 634 and rotate the screw
to its desired position 635. The crosshairs 633 specify the insertion location, such as the
initial position 375 of FIG. 3B.

[00107] Tap the Nav button 644 and a virtual gear shift probe 652 (which may
represent any tool or axis, such as a drill or pilot hole longitudinal axis) appears on the
screen. The gear shift probe's orientation matches the orientation of the apparatus 300, which
will include orientation circuitry, such as a gyroscope to determine the orientation of
apparatus 300. In some embodiments, once the angle of the gear shift probe 652 is about 20
degrees within the selected trajectory, the gear shift probe 652 will turn yellow, at 5 degrees,
it will turn green, and when the alignment is within 1 degree of the target angle, a green line
654 will extend outward and the pedicle screw will disappear to signify that the apparatus
300 is properly aligned.

[00108] In some embodiments, the device or apparatus 300 can be placed in a
sterile bag and then be placed against the gear shift probe as it is being used to create the path
for the pedicle screw. As provided herein, the apparatus 300 may be positioned in an
attachment apparatus, such as those shown in FIGS. 19-24, so that the apparatus 300 may be
conveniently aligned or abuted with a tool, such as the gear shift probe, drill, and the like.

[00109] Some gear shift probes may be too short to allow the device (apparatus
300) to be placed against them lengthwise. If this is the case, tap the 90 degree button 656
and the screen will be rotated so the short edge of the device can be placed against the gear

shift probe.
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[00110] Other implementations of the disclosed system and method are possible.
For example, the apparatus 300 may also use a second or more views to define various angles
not limited within the sagittal plane. For example and in accordance with the foregoing
disclosure, images of the vertebra may be captured from two orthogonal planes, such as
through superior, lateral, posterior, anterior views, and various combinations thereof, to
provide multiple reference points so that three-dimensional representations of the alignment
angles can be presented.

[00111] In addition, different mobile computer devices may be used or modified
into the apparatus 300 by equipping corresponding image acquisition units, input terminals,
and motion or orientation sensing units. In some embodiments, the apparatus 300 includes a
smart phone or another electronic device having a gyroscope. In addition, other motion or
orientation sensors may be included such as the inertial measurement unit 334, and the
accelerometers 336. The apparatus 300 may also be attached onto various medical devices or
equipment for guiding insertion angles that require high precision and ease of use. The
smartphone may be an iPhone for example. Also, in some application, the mobile computer
device may be an iPod Touch, iPad, Android phone, Android tablet, Windows Phone,
Windows tablet, or Blackberry phone. Also, in some applications, the mobile computer
device may be an Apple TV in combination with an Apple TV remote, or a Nintendo Wii in
combination with a Nintendo Wii remote. Indeed, the mobile computer device may be any
combination of electronic devices where the orientation sensor (such as a gyroscope) is in
one electronic device and the processor is in another electronic device.

[00112] In some embodiments, axis other than the device’s longitudinal axis may

be used. Axes can be defined by a portion of the device (e.g., an edge or surface of the
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device). More than one orientation apparatus 330 may be used at the same time, if desired.
Surgical apparatus may include pedicle screws, gear shift probes, and other medical devices.

[00113] It should be appreciated that the various methods and techniques described
above may be utilized with a virtual reality or augmented reality device, either on its own or
in conjunction with another electronic device such as a smartphone or computer. The
determination of the insertion point or pilot hole and the proper angle for the surgical tool
used to attach or install the pedicle screw or other medical device may proceed in any of the
fashions as described above, and then the virtual reality or augmented reality device may be
used to display the proper insertion point or pilot hole and proper angle for the surgical tool
to a physician.

[00114] In the case of a virtual reality device, the simulation of a tool or axis at a
desired three-dimensional alignment angle or other alignment angle may be displayed to the
surgeon or user in an immersive three-dimensional fashion so that the surgeon can view the
bone or tools used in a procedure as it will appear during a surgery. In addition, the planning
of the insertion point or pilot hole and the proper angle for the surgical tool may be
conducted with the aid of the virtual reality device.

[00115] In the case of an augmented reality device, during the actual surgery,
virtual visual indicia may be displayed superimposed over the real bone, illustrating to the
physician precisely where to insert the surgical tool and at precisely which angle the surgical
tool should be inserted and operated.

[00116] An augmented reality or virtual reality based system 700 for use in
assisting of the determination of the proper insertion point and proper angle for a surgical

tool to be used to install a pedicle screw is now described with reference to FIG. 8. The
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system 700 includes an electronic computing device 702, such as a smartphone, tablet,
desktop based personal computer, or laptop based personal computer. A virtual reality based
or augmented reality based device 704, such as a wearable headset, wearable goggles, three
dimensional projector, or holoprojector, may be capable of wired or wireless communication
with the electronic computing device 702.

[00117] Operation of the system 700 is now described with reference to the
flowchart 800 shown in FIG. 9. Operation begins with the electronic computing device 702
simulating an insertion point and orientation of a surgical hardware installation on a
diagnostic representation of the bone onto which it is to be installed (Block 802). This
operation can proceed in any of the ways described above, although it should be understood
that the virtual reality based or augmented reality based device 704 may be used as a display
during this process. It should further be appreciated that the virtual reality or augmented
reality based device 704 may have a camera associated therewith used to image the real
world and provide it to the user when operating in an augmented reality mode (Block 803).

[00118] One way to proceed with this simulation begins with acquiring a
diagnostic representation of the bone (Block 804). This may be performed using an image
capturing device associated with the electronic computing device 702, such as a two
dimensional or three dimensional camera, or this may be performed using a standalone image
capturing device and then receiving the image data from that device at the electronic
computing device 702. Still further, this may be performed using a medical imaging device,
such as a CT scan or MRI scan, and then receiving that image data at the electronic

computing device 702, which may serve as apparatus 300.
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[00119] Thereafter, the diagnostic representation of the bone is aligned with a
suitable reference point (Block 805). Then, an insertion point of for a simulated surgical
hardware installation is designated on the diagnostic representation of bone (Block 806).
Next, an orientation of the simulated surgical hardware installation on the diagnostic
representation of bone relative to reference point is determined (Block 807). This orientation
is determined in three dimensions, and can be referenced to suitable planes of the body as
defined by typical medical terminology and known to those of skill in the art.

[00120] Then, the surgery itself may be performed. During surgery, virtual reality
based or augmented reality based device 704 is worn by the operating physician or surgeon,
as shown in FIG. 10. Here, the virtual reality or augmented reality based electronic device
704 is used to align an instrument or tool 701 for inserting a surgical hardware installation at
a desired orientation through an insertion point of the bone by displaying visual indicia
indicating the insertion point and the orientation of the simulated surgical hardware
installation (Block 803). This visual indicia can be shown superimposed over the bone itself,
such as shown in FIG. 11 by the virtual representation of the tool 799. It should be
appreciated that the visual indicia need not be a virtual representation of the tool 799 as
shown, and may instead be an arrow, a line, or any other suitable visual representation.

[00121] In some instances, cameras, position detectors, or other devices situated
about the surgery site may be used to gather real time information about the actual position of
the tool 701, so that feedback may be presented to the surgeon. For example, the visual
indicia may change when the tool 701 is properly aligned, or may inform the surgeon that the
tool 701 is not properly aligned. Likewise, additional visual indicia may be displayed when

the tool 701 is properly aligned, or when the tool 701 is not properly aligned. Similarly, an
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audible response may be played by the virtual reality based or augmented reality based
device 704 either when the tool 701 is properly aligned, or when the tool 701 is not properly
aligned, or to guide the surgeon in moving the tool 701 into the proper position. In some
cases, a position detector may be associated with or collocated with the tool 701, and the
position detector such as an accelerometer may be used in determining whether the tool 701
is properly aligned, or when the tool 701 is not properly aligned.

[00122] In some instances, based on the above feedback, if the patient moved or
the bone is moved, the visual indicia 799 is moved along with the bone by the virtual reality
based or augmented reality based device 704 so that proper alignment is maintained during
the surgery.

[00123] FIG. 12 illustrates a virtual representation presented by the system, such as
the medical alignment device or electronic device of FIG. 8, showing a diagnostic image of a
vertebra in an axial view with a simulated pedicle screw 789 shown that can be manipulated
and moved to set a desired insertion point or location, and a desired alignment angle. Once
set, an insertion location and alignment angle are stored, such as by a medical alignment
device 300, for this two-dimensional view of the vertebra or object in this plane.

[00124] FIGS. 13A and 13B illustrate a virtual representation showing an
orthogonal, lateral view of the vertebra and pedicle screw as shown and as set in the plane of
FIG. 12, with the user able to establish or set the insertion location and alignment angle of
the simulated pedicle screw in this plane so that the system, such as a medical alignment
device, now has enough information as to the location of the pedicle screw in two orthogonal
planes to determine a three-dimensional alignment angle for the installation of the pedicle

screw (or drilling of a pilot hole for the pedicle screw) in this vertebra. FIG. 13A illustrates
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the cross-hair to set the desired insertion point, while being constrained with the positioning
of the pedicle screw as defined in the view of FIG. 12, and, similarly, the angle of the pedicle
screw may be set as desired as shown in FIG. 13B, while also being constrained with the
positioning of the pedicle screw as set in the view of FIG. 12.

[00125] The medical alignment device 300 may calculate a desired three-
dimensional alignment angle based on the inputs as just described in connection with FIGS.
12 and 13. The medical alignment device 300, knowing its own orientation, may notify a
user, such as a surgeon, when a side, surface, or portion of the medical alignment device 300
is oriented according to the desired three-dimensional alignment angle. Thus, the apparatus
300, which may be referred to as a medical alignment device 300 in certain implementations,
may be positioned relative to a tool (such as adjacent to or abutted with) to align the tool to
the desired three-dimensional alignment angle. The tool may include, for example, a drill or
gear shift probe to create a pilot hole for installing a pedicle screw. The tool, of course,
could be any tool to be aligned at a desired three-dimensional angle.

[00126] FIGS. 14-16 illustrate a series of two-sets of concentric circles illustrating
one embodiment of a graphical indicator or notification showing how the current position of
the apparatus 300 is oriented relative to the desired alignment angle. As the orientation of
the apparatus 300 is moved or aligned more closely to the desired three-dimensional
alignment angle, as illustrated when looking at FIGS. 14-16 consecutively, the concentric
circles are moved closer to one another providing a graphical indication or feedback to assist
a user or surgeon to align the apparatus 300, and hence an attached or adjacent tool, to the

desired alignment angle. Once the apparatus 300 is oriented within a desired threshold close
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to the three-dimensional alignment angle, an auditory, visual, and/or tactile notification may
be provided to alert the user.

[00127] Numerical indicators 996 and 997 may also be provided as shown in
FIGS. 14-16, along with double arrows adjacent the numerical indicators to denote alignment
in each such plane. The apparatus 300 may display numerical differences (or errors) in each
of the two planes of the desired alignment angles. The numerical indicators 996 and 997
show how close and in what direction the orientation of the apparatus 300 is positioned
relative to the desired alignment angles in each of the two planes or two-dimensions as
previously set and stored in the apparatus 300.

[00128] For example, FIG. 14 is a sample display of the apparatus 300 with two
sets of concentric circles 998 and 999. In one implementation, the set of concentric circles
998 represents the desired three-dimensional alignment angle or orientation, such as the
orientation of a pilot hole for a pedicle screw, while the set of concentric circles 999
represents the current three-dimensional orientation of the apparatus 300 showing the current
orientation of the apparatus 300. As the apparatus 300 is oriented closer and closer to the
desired three-dimensional alignment angle in FIGS. 15 and 16, the set of concentric circles
999 moves closer to the set of concentric circles 998 until the sets of circles are positioned
over one another, or within a specified threshold, as illustrated in FIG. 16, to indicate that the
apparatus 300 is aligned according to the desired three-dimensional alignment angle.

[00129] Similarly, the numerical indicators 996 and 997 in each of their respective
planes are shown moving closer to zero, or within a specified threshold, as the apparatus 300
is moved closer and closer to the three-dimensional alignment angle when viewing FIGS. 14-

16.
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[00130] In one implementation, FIG. 15 is a sample display of the apparatus 300 in
generating an indicator on the display 310 that indicates a degree of alignment between a tool
aligned with a pedicle screw (or pilot hole or tool to install the pedicle screw) and the desired
alignment angle, which may include an insertion sagittal angle, transverse angle, and/or
coronal angle between an axis of the apparatus 300 and the sagittal plane, transverse plane, or
coronal plane of the vertebra. As can be seen in FIG. 15, the indicator is in the form of a first
set of concentric circles 998 and a second set of concentric circles 999. As the degree of
alignment between the pedicle screw and the insertion sagittal angle, transverse angle, or
coronal angle between an axis of the apparatus and the sagittal plane, transverse plane, or
coronal plane of the vertebrae changes, the position of the first set of concentric circles 998
and position of the second set of concentric circles changes 999, or the position of one of the
sets of the concentric circles 998 or 999 changes with respect to the other.

[00131] For example, as shown in FIG. 15, the set of concentric circles 999 is
moved and positioned downward and to the right with respect to the set of concentric circles
998. This indicates that the proper alignment has not been found. By reorienting the
apparatus 300, which it is noted would be directly or indirectly coupled to the pedicle screw
or pilot hole location, in the appropriate direction, the set of concentric circles 999 moves
closer to alignment with the set of concentric circles 998, as shown in FIG. 16. Once the
proper alignment of the pedicle screw and the desired three-dimensional insertion angle
between an axis of the apparatus and the vertebra has been reached, the sets of concentric
circles 998 and 999 overlap one another, becoming one and the same, as shown in FIG. 16.

[00132] It can be noted that the color of the concentric circles 998 and 999 may be

changed to further illustrate the degree of alignment between apparatus 300 and the desired
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alignment angle. For example, the misalignment indicated in FIG. 14 could be indicated by
the set of concentric circles 999 being red, with the set of concentric circles 998 being blue;
the better, but still not ideal, alignment indicated in FIG. 15 could be indicated by the set of
concentric circles changing from red to yellow; and the ideal alignment indicated in FIG. 16
can be shown with both sets of concentric circles 998 and 999 being green.

[00133] It should be appreciated that although concentric circles have been shown,
any concentric shapes can be used instead. In addition, concentric shapes need not be used,
and any two individual shapes of the same size, or of a different size, may be used.
Furthermore, it should be appreciated that in some instances one set of shapes may deform
with respect to one another, in other instances both sets of shapes may remain at their
original dimensions during operation.

[00134] In addition, in some instances, numerical indicators 996 and 997 may
indicate the degree of alignment between the apparatus and a desired angle in a plane, a two-
dimensional angle, such as the desired insertion sagittal angle, transverse angle, or coronal
angle.

[00135] FIG. 17 illustrates the example of implementing the apparatus 300 as a
smartphone or smart device application, with the sets of concentric circles and numerical
indicators displayed and showing relative alignment of the apparatus 300 with a desired
alignment angle, such as was shown in FIGS. 14-16. The apparatus 300 includes orientation
circuitry/apparatus, such as a gyroscope, to know its three-dimensional orientation.

[00136] Shown in FIG. 18 is a user interface of the apparatus 300 of FIG. 3A in
operation when selecting different diagnostic image views of a vertebra that are orthogonal to

one another in preparation for establishing desired alignment angles so that the three-
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dimensional alignment angle may be determined to install a pedicle screw. Also, a patient
may be identified, as well as the specific vertebra is identified. The diagnostic images may
be provided to the apparatus 300 by digital transmission, or by using a camera of the
apparatus 300 to capture these two images of the vertebra that are orthogonal to one another.

[00137] Referring now to FIG. 25, a flowchart 2500 is provided that illustrates an
example method for providing a three-dimensional alignment angle to align a tool. At block
2502 a first image of a structure or target, such as a bone or vertebra, is obtained, and, at
block 2504, a second image is obtained or acquired that is an orthogonal view (in an
orthogonal plane) of the structure or target in the first image. The structure or target may be,
for example, diagnostic images of a bone. The images are received by, for example, a
medical alignment device, either through electronic receipt of the transmission of such
images or by taking a picture of such images displayed on a monitor or display.

[00138] At block 2506, a first alignment angle of an object is simulated or
superimposed on the structure or target in the first image at a first insertion point, and at a
desired first alignment angle. The user may select and move the object to define the first
insertion point and the first alignment angle of the object. The first alignment angle of the
object may include, for example, the alignment of the axis of a pilot hole or a pedicle screw
being installed in a pedicle of a vertebra in the first image. This information may be saved at
or by an electronic device, such as a medical alignment device or other alignment device.

[00139] At block 2508, a second alignment angle of the object is superimposed
and simulated on the structure or target in the second image, which is an orthogonal image of
the structure in the first image. With the constraints of the first insertion point and the first

alignment angle constraining the complete movement of the second insertion point and

44



WO 2020/214645 PCT/US2020/028220

second alignment angle of the object, a user may, subject to these constraints, move the
object to define the second insertion point and the second alignment angle of the object. This
information may be saved as well.

[00140] At block 2510, a three-dimensional alignment angle is generated based on
the saved information that includes the first and second insertion points and alignment
angles. At block 2512, an electronic device, which may be a medical alignment device or an
alignment device, that includes orientation sensors or devices, such as a three-axis gyroscope,
that knows its orientation in space is used to abut or align with a tool. The tool may be, for
example, a drill or gear shift pedicle probe used to make a pilot hole in a vertebra to install a
pedicle screw. Because the electronic device has the three-dimensional alignment angle
determined previously, the electronic device is aware when it is positioned relative to the tool
such that the tool either is or is not positioned in the desired three-dimensional alignment
angle. Notifications and/or feedback tools, such as the graphical concentric circles may be
used to precisely position the electronic device so that the tool is positioned as desired.
These feedback tools may include one or more of a visual, auditory, and tactile response.

[00141] At block 2514, when the electronic device is positioned relative to the tool
such that the tool is provided at the desired three-dimensional alignment angle, a notification
is produced, which may be one or more of a visual, auditory, and tactile notification.

[00142] Although the preceding description has been described herein with
reference to particular means, materials and embodiments, it is not intended to be limited to
the particulars disclosed herein; rather, it extends to all functionally equivalent structures,

methods, and uses, such as are within the scope of the appended claims.
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CLAIMS

What is claimed is:

1. An attachment apparatus to secure a medical alignment device to align a tool,
the attachment apparatus comprising:

a base wall configured to provide a base alignment surface adjacent a first portion of
the medical alignment device, wherein the medical alignment device is operable to provide a
three-dimensional alignment of the tool at a desired insertion angle;

a first side wall providing a side alignment surface adjacent a second portion of the
medical alignment device; and

an alignment support positioned relative to the base wall and configured to align with
a portion of the tool, and wherein the medical alignment device provides a notification when
the medical alignment device aligned with the tool is provided at the three-dimensional

alignment of the insertion angle.

2. The attachment apparatus of claim 1 further comprising:
a second side wall providing a second side alignment surface for mating with a part of

the medical alignment device.

3. The attachment apparatus of claim 2, wherein the second side wall and the

first side wall provide a secure fit when the medical alignment device is inserted into the

attachment apparatus.

46



WO 2020/214645 PCT/US2020/028220

4. The attachment apparatus of claim 2, wherein the second side wall and the
first side wall include one or more engagement protrusions to increase friction forces against

the medical alignment device.

5. The attachment apparatus of claim 1 further comprising:
a finger profile positioned adjacent the first side wall for receiving fingers of a user

when held.

6. The attachment apparatus of claim 1, wherein the alignment support is

perpendicular to the base wall.

7. The attachment apparatus claim 1, wherein the alignment support is parallel to

the base wall.

8. The attachment apparatus of claim 1, wherein the alignment support is

positioned at a desired angle to the base wall.

9. The attachment apparatus of claim 1, wherein the base wall forms a matching
profile to at least the first portion of the medical alignment device, and the first side wall

forms a matching profile to at least the second portion of the medical alignment device.

10.  The attachment apparatus of claim 1, wherein the portion of the tool to be

aligned with the alignment support of the attachment apparatus is a mating portion
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configured to align the alignment support with, and the mating portion of the tool is
cylindrical and joinable with the alignment support of the attachment apparatus at different

locations of the tool along a longitudinal axis of the tool.

11. The attachment apparatus of claim 1, wherein at least one of the base wall or
the first side wall of the attachment apparatus is magnetically attracted to a portion of the
medical alignment device or a device attached to the medical alignment device to secure the

medical alignment device thereon.

12. A system for aligning a medical tool to a desired orientation relative to a
patient, the system comprising:
a medical alignment device that includes:
an orientation sensor;
a processor configured to:
simulate a positioning of the medical tool using at least one image of a
bone of the patient to determine a desired alignment angle of the medical tool
relative to the bone;
determine an orientation of the medical alignment device using the
orientation sensor;
output a notification when the orientation of the medical alignment
device is such that the medical alignment device is positioned at or about the

desired alignment angle of the medical tool relative to the bone, wherein the
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notification includes one or more of a sound, a vibration, or a graphical
indicator; and
an attachment apparatus to secure the medical alignment device and to align the
medical tool, the attachment apparatus includes:
a base wall configured to provide a base alignment surface adjacent a first portion of
the medical alignment device;
a first side wall providing a side alignment surface adjacent a second portion of the
medical alignment device; and
an alignment support positioned relative to the base wall and configured to align with
a portion of the medical tool, and wherein the medical alignment device provides the
notification when the medical alignment device aligned with the medical tool is provided at

the desired alignment angle.

13. The system for aligning a medical tool to a desired orientation of claim 12,
wherein the medical alignment device is operable to provide the desired alignment angle at a

three-dimensional alignment angle relative to an insertion location.

14. The system for aligning a medical tool to a desired orientation of claim 12,

wherein the attachment apparatus further includes a second side wall providing a second side

alignment surface for mating with part of the medical alignment device.
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15. The system for aligning a medical tool to a desired orientation of claim 14,
wherein the second side wall and the first side wall include one or more engagement

protrusions to increase friction forces against the medical alignment device.

16. The system for aligning a medical tool to a desired orientation of claim 12,
wherein the attachment apparatus further comprises a finger profile positioned adjacent the

first side wall for receiving fingers of a user when held.

17. The system for aligning a medical tool to a desired orientation of claim 12,

wherein the alignment support is perpendicular or parallel to the base wall.

18. The system for aligning a medical tool to a desired orientation of claim 12,
wherein the base wall and the first side wall form a matching profile to at least the first

surface and the second surface of the medical alignment device.

19. The system for aligning a medical tool to a desired orientation of claim 12,
wherein the medical tool is one or more of a drill, a device to create a pilot hole in a bone, a
gear shifter for creating a pilot hole in a bone, a driving mechanism, a screw, a pedicle screw,

and an alignment guide.

20. The system for aligning a medical tool to a desired orientation of claim 12,

wherein the alignment support of the attachment apparatus aligns with the portion of the
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medical tool at different cylindrical locations of the medical tool along a longitudinal axis of

the medical tool.

21. A method for providing a three-dimensional alignment angle to align a tool, the
method comprising;

obtaining a first image of a target;

obtaining a second image of the target, the second image depicting the target in a
plane orthogonal to the first image;

defining a first alignment angle in the first image;

defining a second alignment angle in the second image;

generating a three-dimensional alignment angle based on the first alignment angle of
the first image and the second alignment angle of the second image;

monitoring a present orientation; and

producing a notification when the present orientation aligns with the three-

dimensional alignment angle to align the tool.

22. The method of claim 21, wherein defining the first alignment angle in the first
image comprises selecting a first insertion point and providing a desired first alignment angle

in the first image extending through the first insertion point.

23. The method of claim 22, wherein defining the second alignment angle in the
second image comprises selecting a second insertion point and providing a desired second

alignment angle in the second image extending through the second insertion point, wherein
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the second insertion point in the second image is constrained based on the first insertion point

in the first image.
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Define First Alignment Angle in First Image

'

Define Second Alignment Angle in Second Image

'

Generate Three-Dimensional Alignment Angle

'

Monitor Present Orientation of Device in an
Attachment Apparatus Positioned Relative to Tool

l

Producing Notification When Device Aligned/
Oriented at Three-Dimensional Alignment Angle

FIG. 25
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A.

CLASSIFICATION OF SUBJECT MATTER

IPC(8) - AG1B 34/20; AG1B 17/17; AG1TF 2/46 (2020.01)
CPC- A61B 34/20; A61B 17/1703; A61B 34/10; A61B 34/25 (2020.05)

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

see Search History document

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2019/0060000 A1 (SCAPA FLOW, LLC) 28 February 2019 (28.02.2019) entire document 1-3,7,9,11-14, 18,19
¥ 6,17
Y US 2017/0245947 A1 (STRYKER CORPORATION) 31 August 2017 (31.08.2017) entire 6,17
document
A US 2014/0148808 A1 (INKPEN et al) 29 May 2014 (29.05.2014) entire document 1-20
A US 2019/0090959 A1 (BOARD OF REGENTS OF THE UNIVERSITY OF NEBRASKA) 28 1-20
March 2019 (28.03.2019) entire document
A US 6,511,236 B1 (WEBJORN et al) 28 January 2003 (28.01.2003) entire document 1-20

D Further documents are listed in the continuation of Box C.

D See patent family annex.
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Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

carlier application or patent but published on or after the international
filing date

document which maz throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other means
document published prior to the international filing date but later than
the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁlu_:anon but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

29 July 2020

Date of mailing of the international search report

14 AUG 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O.

Facsimile No. 571-273-8300

Box 1450, Alexandria, VA 22313-1450

Authorized officer
Blaine R. Copenheaver

Telephone No. PCT Helpdesk: 571-272-4300
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the foliowing reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I__—__] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos..

because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this international application, as follows:

See extra sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this intermational search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

O

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-20

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

l___] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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Continued from Box No. Ill Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-20, are drawn to an attachment apparatus to secure a medical alignment device to align a tool, the attachment
apparatus comprising: a base wall.

Group I, claims 21-23, are drawn to a method for providing a three-dimensional alignment angle to align a tool, the method comprising:
obtaining a first image of a target.

The inventions listed as Groups I-I| do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the Group
| invention: a base wall configured to provide a base alignment surface adjacent a first portion of the medical alignment device; a first
side wall providing a side alignment surface adjacent a second portion of the medical alignment device; and an alignment support
positioned relative to the base wall and configured to align with a portion of the too!, and wherein the medical alignment device provides
a notification when the medical alignment device aligned with the tool is provided at the three-dimensional alignment of the insertion
angle as claimed therein is not present in the invention of Group Il. The special technical feature of the Group Il invention: obtaining a
first image of a target; obtaining a second image of the target, the second image depicting the target in a plane orthogonal to the first
image; defining a first alignment angle in the first image; defining a second alignment angle in the second image; generating a
three-dimensional alignment angle based on the first alignment angle of the first image and the second alignment angle of the second
image; monitoring a present orientation; and producing a notification when the present orientation aligns with the three-dimensional
alignment angle to align the tool as claimed therein is not present in the invention of Group .

Groups | and It lack unity of invention because even though the inventions of these groups require the technical feature of a
three-dimensional alignment of a tool, this technical feature is not a special technical feature as it does not make a contribution over the
prior art.

Specifically, US 6,511,236 B1 to Webjorn et al. teaches a three-dimensional alignment of a tool (precise three-dimensional alignment of
optical element 22 [a tool], col. 4, lines 65-67).

Since none of the special technical features of the Group | or Il inventions are found in more than one of the inventions, unity of invention
is lacking.

Form PCT/ISA/210 (extra sheet) (July 2019)
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