wo 2016/131016 A2 ||V O 0 A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/131016 A2

18 August 2016 (18.08.2016) WIPO I PCT
(51) International Patent Classification: (74) Agents: WARD, Robert, J. et al.; Gardere Wynne Sewell
A61B 34/20 (2016.01) A61B 17/17 (2006.01) LLP, 1601 Elm Street, Suite 3000, Dallas, TX 75201-4761
(21) International Application Number: (US).
PCT/US2016/017897 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
12 February 2016 (12.02.2016) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
62/116,345 13 February 2015 (13.02.2015) Us PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
62/145,868 10 April 2015 (10.04.2015) Us SD, SE, SG, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: SCAPA FLOW, LLC [US/US]; P.O. Box . o
7208, Midland, TX 79708 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventor: DORMAN, John; 6802 Island Circle, Midland, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

TX 79707 (US).

TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR MEDICAL DEVICE PLACEMENT IN BONE

(57) Abstract: Disclosed herein are device and methods for determining an

' Sagittal
L (mgdian)
plane 110
IT~Coronai
(frontal)
plane 120
Superi stetior
100 P ﬁrio Transverse
I (horizontal)
I plane 130
Anterior I rior
S|
Lateral\ N
|L—Dorsum
J of hand
Medial
Palmar
surface
of hand
Dorsum+
offoot | |
~|
Plantar
surface \
of foot 2

FIG. 1

orientation of an instalment for inserting a medical device in a bone. One such
method includes simulating an insertion point and an orientation of a simulated
surgical hardware installation on a diagnostic representation of the bone, and
then using an electronic device to align an instrument for inserting a surgical
hardware installation at a desired orientation through an insertion point of the
bone by indicating when an orientation of the electronic device is within a
threshold of the simulated orientation.
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SYSTEM AND METHOD FOR MEDICAL DEVICE PLACEMENT IN BONE

RELATED APPLICATIONS

HELHY This applicatton claims the benefit and priority of previously filed
provisional patent application U.8. App. No. 62/145,686, filed April 10, 2015 and titled
“SYSTEM AND METHOD FOR PEDICLE SCREW PLACEMENT IN VERTEBRA”,
and of previously filed provisional patent application U.S. Appl. No. 62/116,345, filed
February 13, 2015 and nitled “SYSTEM AND METHOD FOR PEDICLE SCREW
PLACEMENT IN VERTEBRA”, and the contents of both arc hercby incorporated by

reference in their entirety.

TECHNICAL FIELD

[0062] This disclosure generally relates to medical systems. More
apecifically, this disclosure relates to an electronic device that generates output which
facilitates the aligning and orientation of surgical equipment for use in inserting a medical
device in a bone. In one implementation, the surgical 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.

BACKGROUND

13003] Patients who undergo certain procedures, such as a spinal fusion, may
have pedicle screws placed into their vertebrae.  The pedicle screws are typically
mmplanted into the vericbrae through the pedicles of the vertebrac. Unce 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 be placed into the vertebrac. Placing the pedicle screw at the
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correct angle helps to assure a mechanically sound construct and to avoid mjury to
surrounding structures such as the spinal cord, nerve roots, and blood vessels. The
orientation of the scrow can be described 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 night halves.

13004] To assist surgeons (o properly place and orient a pedicle screw in a
veriebra, a variety of machings have been used. 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. Therefore, further developments in medical technology are needed so as to
enable physically smaller, cost effective devices that provide the desired level of

assistance to surgeons.

HELESY This summary 1s provided to mtroduce a selection of concepts that are
further described below in the detailed description. This summary is not intended to
identify kev or essential features of the claimed subject matier, nor is it iniended to be
used as an aid n limiting the scope of the claimed sobject matter.

[3006] A method disclosed herein includes simulating an insertion point and
an orientation of a simulated surgical hardware nstallation on a diagnostic representation
of the bone, and then using an electronic device to align an instrument for inserting a
surgical hardware installation at a desired orientation through an insertion point of the
bone by indicating when an orientation of the electronic device is within a threshold of

the simulated orientation.
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[3607] An apparatus disclosed herein 1s for determimng orentation of an
mstrument for inserting a medical device in a bone. The apparatus includes an electronic
device having an orientation sensor, and a processor. The processor is  configured to
simulate msertion of the medical device in an image of the bone to determine a desired
msertion angle of the medical device relative 1o a plane of the bone, determine an
orientation of the elecironic device relative to the plane using the orientation sensor, and
output a notification when the origntation of the electronic device 1s such that the
electronic device 1s positioned adjacent the desired angle ot the medical device relative 1o
the plane.

0008] Anocther method aspect s directed to a method for venfyving an
msertion angle of an mstrument for determining a correct angle for a pedicle screw in a
vertebra. The method includes aligning an axis of an apparatus with at least one of a
sagittal plane, transverse plane, and coronal plane of the vertebra in a representation
thereof. The method also includes capturing an image of the representation of the
vertebra, and generating an angle-indicative line on a display, wherein the angle-
mdicative line adjusts in responsc to rofation and oricntation of the apparatus and
provides a notification when the apparatus is at the correct angle, the correct angle being &
desired angle between the axis of the apparatus and at least one of the sagitial plane,
transverse plane, and coronal planc.

13009] A further aspect is directed to a system for indicating an insertion
sagittal angle of a tract for receiving a pedicle screw in a vertebra. The system includes an
image acquisition unit, an orientation sensor, a display, and a processor. The processor is
configured to obtain an image of a cross sectional view in a transverse plane of the
vertebra, using the image acquisttion unit, and measure orientation of the system and

calibrate the orientation to align with a sagittal plane, transverse plane, or coronal plane of

(7S]
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the vertebra. The processor 1s further configured to receive defimtions of an nsertion
sagittal angle, transverse angle, or coronal angle of the tract and an nitial position thereof
relative to the vertebra, and generate an angle-indicative line on the display, wherein the
angle-indicative line rotates in response to rotation of the system, and provides a
notification when at least a portion of the svsiem approximately forms 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 vertebrage.

BRIEF DESCRIPTION OF THE DRAWINGS

13010] For a more complete understanding of various embodiments of the
present mvention and the advantages thercof, reference 1s now made to the following
brief description, taken in connection with the accompanying drawimngs, appendices, and
detatled description, wherein like reference numerals represent like parts, and in which:

j0011] FIG. 1 dlustrates definitions of a sagittal plane, a frontal plane, and a
transverse plane relative to a patient’s body;

[0012] FIG. 2A illustrates a cross-sectional view of a vertebra having pedicle
screws mnstalled in respective pilot hokes;

[0013] FIG. 2B idlustrates an example lateral view of a vertebra for installing
pedicle screws;

[0014] FiG. 2C ilustrates an cxampie posterior view of a vertebra for
installing pedicle screws;

HEORY FIG. 3A presents a schematic diagram of an apparatus used in
accordance with an embodiment to define and verify a sagittal angle for a pilot hole;

13016] FiG. 3B illustrates a schematic diagram for defining a sagittal angle for

a pilot hole in a vertebra;
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{001 7] FIG. 4A illustrates a schematic side view of a medical operation
system used in some embodiments for defining the sagittal angle of a vertebra;

j0018] FIG. 4B illustrates a schematic front view of a medical operation
system used in some embodiments for defining the sagittal angle of a vertebra;

[0019] FIG. SA ilustrates an exampie flow chart for a method of determining
an orientation of an instrument for inserting a medical device m a bone, v accordance
with one or more embodiments of the present disclosure;

{8020} FIGS. 5B, 5C, and 5D illustrate example flow charts for methods for
mdicating the sagittal angle, transverse angle, and coronal angle. respectively, m
accordance with one or more embodiments of the present disclosure;

[0021] FIGS. 6A-6D illustrate example user mterfaces for a compuier-
implemented program to perform the methods shown in FIGS. 5A-5D, whercin FIG. 6A
tHustrates an mterface for selecting vertebra of a patient, FIG. 6B ilustrates aligning the
Iongitudinal axis of the apparatus with the sagittal plane, FIG. 6C illustrates defining a
pedicle screw’s position and s sagittal angle, and FIG. 6D illustraies generating an
angle-indicative line for showing the angle between the longitudinal axis of the apparatus
and the sagittal plane;

[0022] FIG. 7 idlustrates an example application of the aligning method
presented in FIGS. 5B or 3C; and

13023] Like clements arc mdicated with ke reference mumerals.

o
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DETAILED DESCRIPTION

{30241 In the following detailed descrption 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 apprectate that the present
disclosure may be practiced, in some instances, without such specific details. In other
instances, well-known elements have been iustrated in schematic or block diagram form
int order not to obscure the present disclosure in unnecessary detail. Additionally, for the
most part, specific details, and the like, have been onutted masmuch 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 i the
relevant art.

[3025] It is further noted that, undess 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 predetermimed operations, where the software
mstructions 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 1o a
person of ordinary skill in the art. In certain embodiments, the predeiermined 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, fumaware, and, in some embodiments, integrated circuitry that is coded io
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.
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[03026] This disclosure describes a system and computer-implemented method
for imdicating an angle formed between a guiding dircction for dulling a pilot hole {also
referred to herein as a tract} for receiving a pedicle screw and a reference plane such as,
for example, the sagittal plane.

10027 The disclosed svstem and method may be implemented to guide the
msertion of pedicle screws at a desired angle. The desired angle may be a transverse
angle, sagittal angle, or any other angle. This process may include, m some
embodiments, the creation of pilot holes.

[0028] FI1G. 1 illustrates a sagittal or median planc 110, a coronal or frontal
plane 120, and a transverse or horizontal plane 130 relative to a patient’s body part 100
located at the intersection of the sagittal plane 110, coronal plane 120, and transverse
plane 130, Each planc 1s orthogonal to cach other. When discussing a vertebra {(or other
body parts} in the following disclosure, reference is made to the sagittal plane, coronal
plane, and transverse planec. It should be understood that, when these planes are
mentioned, they are not mtended as a reference to the specific sagittal, coronal, and
transverse planes tllustrated in FIG. 1, but rather, are intended as a reference to illustrate
an orientation or location relative to the specific vertebra being discussed.

[04029] FIG. ZA illustrates a cross sectional view (1.¢., supenior view) 200 of a
vertehra 205 bhaving pedicle scrows 210 mstalled in respective pilot holes 220, A dnver
230 may be used to screw the pedicle screws 210 mto the pilot holes 220, FIG. 2B
illustrates a lateral view (ic., side view) 250 of a vertebra, and FIG. 2C illustraies a
posterior view 270 of a vertebra. The following discussion focuses on properly creating
the pilot holes with a tool guided by the method disclosed.

[0(30] FIz. 3A presents a schematic diagram of an apparatus 300 used to

define and venify an angle for a pilot hole, or tract, such as the pilot hole 220 of FIG. 2.
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The apparatus 300 has an axis 305 (such as, for example, a longitudinal axis} that is used
m some embodiments to align the apparatus 300 for image capture. The apparatus 300
mncludes an image acquisition unit 320 for capturing an image 310 of the vertebra. In
some embodiments, the image 310 may be obtained by posttioning the apparates 300
and/or 1mage acquisition unit 320 in paralle] with the transverse, sagittal, or coronal plane
to obtain an image of the vertebra.

{8031} In some embodiments, the image acquisition anit 320 can be a camera
having sufficient field of view 360 to properly align the axis 305 of the apparatus 300
with the desired plane. In some embodiments, the axis 3035 1s representative of a vertical
bing centered laterally with respect to the mmage being captured. For example, if the
desired image s intended to capture the vertebra from a cross sectional, superior view
{c.g., sec FIG3. 2A), the axis 305 is aligned with the sagittal planc (i.e., the plane that is
sagittal to the veriebra) and the image acquisition ouit 3290 is positioned paralie! to the
transverse plane to captore the top-down view of the vertebra shown m FIG. 2A. I the
desired image 1s intended to capture the veriebra from a side view (e.g., a lateral image of
the veriebra, see FIG. 2B), the axis 305 is aligned with the transverse plane (i.¢., the planc
that is transverse to the vertebra) and the image acquisition unit 320 is positioned parallel
to the sagittal plane. If the desired image 1s intended to capture the vericbra from a
posterior or anterior view {sce, for example, FIG. 2(), the axis 303 is aligned with the
sagittal plane and the image acquisition unit 320 is positioned parallel to the coronal
plane.

{00321 In some embodiments, the image 310 may be a processed 1mage, ¢.g.,
an tmage displayed on a screen, a film, or a printed photograph.  In other embodiments,

the image acquisition unit 320 can directly use an mmage taken from an external maching
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{not 1llustrated), such as a radiograph, computed tomography (CT) scanner, or a magnetic
resonance imaging (MRI) machine.

0033] The orientation apparatus 330 is operable to detect changes i
movement, orientation and position. In some embodiments, the orientation apparatus 330
mnciudes at least one of a gvroscope 332, an imertial measurement unit 334, and an
accelerometer 336, The gyroscope 332 is operable to measure at least one axis of rotation,
for example, the axis parallel to the intersection of the sagittal plave 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 changes 1 onientation. The inertial
measurement unit 334 can detect changes of posttion in one or more directions i a
cardinal coordinate syvstem. The accelerometer 336 can detect changes of speeds n one or
more directions in a cardinal coordinate systern. In some embodiments, data from all
components of the orientation apparatus 330 are used to calculate the continuous,
dynamic changes i orientation and position.

{00341 The apparatus 300 further includes, in some embodiments, an input
component 340 that is operable to receive user input, and insertion location and the
desired angle representing an insertion direction of the pedicle screw. An example
tilustration of the user input component 340 is presented in accordance with FIGS. 6A-
o). In some cmbodiments, the input component 340 can include a multi-touch screen, a
computer mouse, a keyboard, a touch sensitive pad, or any other input device.

[0035] In some embodiments, the apparatus 300 further meludes a processor
350. The processor 350 can be any processing umit 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 output

an angle-indicative line representing the apparatus orentation on the display. In some
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embodiments, the angle-indicative hine provides a notation that the onentation of the
apparatus 300 approximately forms the desired angle. The angle-indicative line is not
limited to showing sagittal angles, but also angles m different planes, such as, for
example, the coronal plane or the transverse plane.

[0036] The apparatus 300 may, m some embodiments, further include a
memory storage unit 352 and network module 354. The memory storage unit 352 can be a
hard dove, 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 paticnt profiles. The network module 354 allows the apparatus
304 to communicate with external equipment as well as communication networks.

10037 In some embodiments, the apparatus 300 further mcludes a display
360. In some embodiments, the display 360 is a hquid crystal display for a nulti-touch
screen. In some embodiments, the display 360 shows the angle-indicative line to a user
and provides a notification when the apparatus is approxamately aligned with the
predefined desired angle. For example, the notification can mclude a highlighted line that
notifics the user the axis 303 has reached the desired angle, or is within an acceptable
range of the desired angle.

[0038] Referring briefly to FIG. 7, in some mmplementations, the apparatus
300 further includes an attachment support or mechanism that allows the apparatus 300 to
be attached to medical equipment, for example, for creating the pilot holes as shown in
FiG. 7. The attachment mechanism 700 may be comprised of plastic, stamless steel,
titanium, or any other material. The attachment mechamism 700 couples the apparatus
300 to the equipment 702 by, for example. providing a casing that is attached to the
apparatus 701 and is configured to connect to the equipment 702, In some cmbodiments,

the attachment mechanism 700 may include a magnetic attachment apparatus for coupling

10
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the apparatus 300 to the equipment 702. The attachment mechanism 700 allows the
apparatus 300 to provide real-time measurement and display of the orientation of the
attached medical equipment 702,

[0{39] Fi(z. 3B ilustrates a schematic diagram for defining the sagittal angle
370 for the piot hole 220 in the vertebra 205, The ficld of view 360 of the image
acquisition unit 320 allows a user to align the axis 305 of the apparatus 300 with the

desired plane (o.g., the sagittal plane). In the embodiment shown 1in FIG. 3B, the sagittal

angle 370 1s the angle between the central axis 365 of the pilot hole 220 and the sagittal
plane.

0040] FIG. 4A illustrates a schematic side view of a medical operation
system 400, which may be used in some embodiments for defining the sagittal angle 370
of the vertebra shown in FIGS. 3A and 38, The medical operation system 400 includes a
machine 410 for capturing a cross-sectional view of the veriebra 205, The machine 410
may be, for example, a CT scanner or MRI machine. The patient 108 exits the machine
410 after the image 1s taken, as shown in FIG. 4B.

{00411 FI1G. 4B dlustrates 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 axis of the pilot hole 460 should to be precisely defined for the dnlling guide
435 In some embodiments, the apparatus 300 may be attached to the drilling guide 450
with the attachment mechanism 308, Defining and verifyving the sagittal angle 370 may
be performed at the apparatus 300, as explained in connection with the method dlustrated
i FIG. 5B.

0042} First, however, a method of determining an orientation of an
mstnument for inserting a medical device 1n a bone is now described with reference to the

flowchart 501 of FIG. 5A.

11
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{00431 First an ingerfion pomnt and an onentation of a simulated surgical
hardware installation are simulated on a diagnostic representation of a bone 502, Then, an
clectronic device 15 used to align an instrument for imserting a surgical hardware
nstallation at a desired orientation through an tasertion point of the bone by indicating
when an onentation of the clectronic device is within a threshold of the simulated
orientation 503.

[(3644] Simulating the insertion point and the orientation of the smmudated
surgical hardware installation on the diagnostic representation of the bone includes
acquiring the diagnostic representation of the bone 504, ahigning the diagnostic
representation of the bone with a reference point 303, designating the insertion point of
the simulated surgical hardware mstallation on the diagnostic representation of the bone
506, and designating the orientation of the simulated surgical hardware instaliation on the
diagnostic representation of the bone relative to the reference point 507.

{B045] Using the electronic device to align the mstrument for inserting the
surgical hardware mstallation at the desired orientation through the msertion pont
mcludes aligning the electronic device with the instrument at the insertion pomt 508,
tracking movement of the clecironic device and the instrument using an orientation sensor
of the electronic device until the onentation of the clectronic device and the mstrument
are within the throshold of the simulated orentation 509, and indicating when the
clectronic device and the instrament are within the threshold of the simulated onentation
511

[03046] FIG. 5B illustrates an example flow chart 300 of a method for
indicating the sagittal angle 370. The method of the flowchart 500 is for verifving any
msertion angle 370 of the pilot hole 220 in the sagittal planc 110 for receiving a pedicle

screw 210 in the vertebra 205, At 510, the axis 305 of the apparatus 300 13 aligned with



WO 2016/131016 PCT/US2016/017897

the sagitial 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 vericbra
203 that indicate the sagittal plane. In some embodiments, the marking may be displayed
on the screen as the user aligns the device.

00471 At 520, the image of the cross-sectional view is captured n 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
melude a camera for capturing a representation of the cross-sectional view of the vertebra
205, In other embodiments, the image of the veriebra 205 may be sent to the apparatus
300 via a wired or wirgless connection to be displayed on the apparatus 300 such that no
physical representation {¢.g., films, photos, monitors} may be needed for thus step.

[3048] At 530, defimutions of the msertion sagittal angle 370 of the pilot hole
220 and the mitial position 375 of the pilot hole are provided by a user. This input
operation may be performed using various input devices, including a computer mouse, a
kevboard, a touchscreen, or the like. In one embodiment, a multi-touch screen (e.g., the
display 360) 1s used for both displaying the tmage and recciving the definition input from
a user. Example illustrations of this input are provided in FIGS. 6A-6D.

[049] At 540, an angle-mdicative line is generated by a processor and
displayed on the display 360, The angle-indicative hine can rotate in response o the
apparatus 300 rotation and provides a notification when the apparatus 300 approximately
forms the insertion sagittal angle 370 between the apparatus 300 longitudinal axis 308
and the sagittal plane. In some mmplementations, the angle-indicative line is a rotating hine
generated 1o the display 360 that allows a user to constantly monitor the change of
oricntation of the apparatus 300. The orientation monitonng i3 performed with an

orientation apparatus 330, More specifically, in some embodiments, a gyroscope 332 that
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mcludes at least one axis of rotation may provide the funchion of monitoring the
apparatus’s orientation or position.

[0050] The indicative line may generate notations in various forms, including
a visual alert such as highlighting the angle-indicative line, an audio alert soch 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 1s reached. Likewise, a
single vibration or a serics of vibrations may be emitted when the desired angle is
reached. In some implementations, the flow chart 500 illustrated in FIG. 3B 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.

{6051 FiG. 5C illustrates a flow chart 350 of an implementation for
indicating a transverse angle, which is an angle with respect to the transverse plane of the
vertebra. The method of the flowchart 350 is for verifving any pedicle screw msertion
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 cmbodiments, a user mav hold the
apparatus 300 and rotate the apparatus 300 to match a marking indicating the axis 305
with features of the veriehra 2035 that indicate the transverse plane. In some embodiments,
the marking may be displayed on the screen as the user aligns the device.

{00521 At 370, the image of the posterior view is captured 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 captaring a representation of the cross-sectional vigw of the vertebra 205, In

other embodiments, the tmage of the vertebra 205 may be sent to the apparatus 300 via a

14
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wired or wireless connection to be displayved on the apparatus 300 such that no physical
representation (¢.g., films, photos, monitors) may be needed for this step.

[0053] At 5380, definttions of the insertion angle in the transverse plane 130,
and the mnitial position 375 of the pilot hole are provided by a user, as similar to the
sagittal angle defined at 530

13054] At 590, an angle-indicative ling for the corresponding transverse angle
is generated by a processor and displaved on the display 360, The angle-indicative line
can rotate n response to the apparatus 300 rotation and provides a notification when the
apparatus 300 approximately forms the insertion transverse angle, as defined in step 589,
between the apparatus 300 longitudinal axis 305 and the transverse plane. In some
implementations, the angle-indicative line 15 a votating line gencrated in the display 360
that allows a user to constantly monitor the change of onientation 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 apparatus’s orientation or position.

{B055] FIG. 3D illustrates a flow chart 555 of another implementation for
indicating a coronal angle. The method of the flowchart 535 15 for verifying any msertion
angle of a pedicle screw 210 m the vertebra 205 in the coronal plane 120. At 565, the
axis 305 of the apparatus 300 1s aligned with the coronal plane. In some embodiments, a
user mayv hold the apparatus 300 and rotate the apparatus 300 to maich a marking
mdicating the axis 303 with features of the vertebra 205 that mdicate the coronal plane. In
some embodiments, the marking may be displaved on the screen as the user aligns the
device.

[036] At 575, the image of the lateral view is captured n the sagittal plane.

In one embodiment, the apparatus 300 includes a smart phone, a tablet computer, a laptop
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computer, or any portable computational device including those that include a camera for
capturing a representation of the posterior view of the vericbra 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.

{6057} At 583, 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 sagitial angle defined at 530.

[0058] At 595, an angle-indicative line for one of the corresponding coronal
angle 1s generated by a processor and displaved on the display 360, The angle-indicative
line can rotate m response to the apparatus 300 rotation and provides a notification when
the apparatus 300 approximately forms the insertion coronal angle between the apparatus
300 longitudinal axis 305 and the coronal planc. In some implementations, the angle-
mdicative line i3 a rotating line generated in the display 360 that allows a user to
constantly monitor the change of orientation of the apparatus 300, The onentation
moniioring is performed with an orientation apparatus 330. More specifically, in some
embodiments, a gvroscope 332 that includes at least one axis of rotation may provide the
function of monitoring the apparatus’s orientation or posifion.

[3059] FIGS. 6A-6D illustrate examples of user interfaces for controlling a
computer implemented program to perform the methods shown in FIG. SA-5D. FIG 6A
tustrates an mterface 600 for selecting vertebra of a patient, FIG. 6B illustrates aligning
the axis 303 of the apparatus 300 with the sagittal plane, FIG. 6C idlustrates defining a
pedicle screw’s position and its sagittal angle 370, and FIG. 6D illustrates generating an
angle-indicative line 652 for showing the angle between the longitudinal axs of the

apparatus and the sagittal plane. In some embodiments, the angle-indicative line may
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represent a virtual gearshift probe, or other mstrument for aligning a pedicle screw or
pilot hole. Where the virtual gearshift is properly aligned, the virtual gearshift may
change colors, or may change length or width. The angle-mdicative line can rotate n
response to the apparatus 300 rotation and provides a notification when the apparatus 300
approximately forms the insertion coronal angle between the apparatus 300 longitudinal
axig 305 and the coronal plane.

[0060] 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 cormresponding vertebra for the desired
angle is sclected in the window 620, The camera button 640 allows a user to take a
picture of the vertebra. The picture is then shown i 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,

13061} 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 red line 622 1o line up the vertebral body so that it s
proximately vertical for aligning with the sagittal plance {or other desired plane), as shown
i FIG. 6B, A retake bution 624 allows the user to go back to the previous steps to retake
the image to ensure the alignment is proper. The bution 626 allows the user to select the
current photo to be used in the following operations.

100621 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. Bution 642 may be selected to thip 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 or towards their feet.
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[03063] The user next sclects the optimal pedicle screw position by selecting
the navigation button 644 and by moving the crosshairs 633 to the cortical entry point of
the screw, then tapping the trajectory button 634 and rotate the screw fo s desired
position 635.

[0064] Tap the Nav button 644 and a virtual gearshift probe 652 appears on
the screen. The gearshifi probe's orientation matches the orientation of the apparatus 300,
In some embodiments, once the angle of the gearshift probe 652 15 about 20 degrees
within the selected trajectory, the gearshift probe 652 will tum vellow, at 5 degrees, it will
turn green, and when the aligmment is within | degree of the target angle, a green line 654
will extend outward and the pedicle screw will disappear.

[0065] In some embodiments, the device or apparatus 300 can be placed in a
sterile bag and then be placed against the gearshift probe as it 15 being used to create the
path for the pedicle screw.

[0066] Some gearshift probes may be too short to allow the device (apparatus
300) to be placed agamst 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
gearshift probe.

[0067] Other implementations of the disclosed system and method are
possible. For example, the apparatus 300 mayv also use a second or more views to define
various angles not hmited within the sagittal plane. For example and in accordance with
the foregoing disclosure, images may be captured from the superior, lateral, posterior,
anterior views, and varous combinations thereof, to provide multiple reference ponts so
that three-dimensional representations of the alignment angles can be presented.

[068] In addition, different mobile computer devices mav be uwsed or

modified nto the apparatus 300 by equipping corresponding image acquisition units,
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mput ferminals, and motion or orientation sensing units. In some embodiments, the
apparatus 300 includes a smart phone or another electronic device having a gyvroscope. In
addition, other motion or orientation sensors may be included such as the inertial
measurement umit 334, and the aceelerometers 336, The apparatus 300 may also be
attached onto various medical devices or equipment for guiding msertion angles that
require high precision and ease of use. The smartphone may be an iPhone for example.
Also, i 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
compination with an Appk TV remote, or a Nimtendo Wi in combination with a
Nintendo Wit remote. Indeed, the mobile computer device mayv be any combination of
clectronic devices where the orientation sensor (such as a gvroscope} is in one clectronic
device and the processor is in another electronis device.

[0069] 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 device). More than one orientation apparatus 330 may be used at the same time fo
give a three-dimensional viewing. Surgical apparatus may include pedicle screws,
gearshift probes, and other medical devices.

6070 Although the precceding description has been described herein with
reference to particelar means, materials and embodiments, it 1s not intended to be limited
to the particalars 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
I. A method comprising:
simulating an msertion point and an orientation of a simulated surgical hardware
installation on a diagnostic representation of a bone; and
using an electronic device to align an instrument for inserting a surgical hardware
installation at a desired orientation through an insertion pount of the bone by indicating
when an onentation of the electronic device ts within a threshold of the simulated

orientation.

2. The method of claim 1, wherein simulating the insertion point and the
orientation of the simulated surgical hardware installation on the diagnostic representation
of the bone comprises:

acquiring the diagnostic representation of the bone;

aligning the diagnostic representation of the bone with a reference point;

designating the nsertion poini of the simulated surgical hardware instaliation on
the diagnostic representation of the bone;

designating the orientation of the simulated surgical hardware mstallation on the

diagnostic representation of the bone relative to the reference pomt.

3. The method of claim 1, wherein using the electronic device to align the
mstrument for inserting the surgical hardware installation at the desired ornentation
through the msertion point comprises:

aligning the electronic device with the instrament at the nsertion point;
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tracking movement of the clectronic device and the mstrument using an
oricitation sensor of the clectronic device until the orentation of the clectronic device
and the instrument are within the threshold of the simulated onentation;

indicating when the electronie device and the instrument are within the threshold

of the sumulated onentation.

4. The method of claim 1, wherein the desired orientation is a desired angle
between the electronic device and a plane of the bone represented in the diagnostic

representation of the bone.

5. The method of claim 1, wherem the diagnostic image is an axial CT scan

of the bone.

6. An apparatus for determining orientation of an instrument for mserting a
medical device n a bone, the apparatus comprising:
an electronic device comprising:
an oricntation Sensor;
a processor configured to:
stmulate inscriion of the medical device in an image of the bone to
determine a desired insertion angle of the medical device relative to a
plane of the bone;
determine an onentation of the clectronic device relative to the

plane using the orientation sensor;
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ouiput a notification when the ornentation of the electronic device 1s
such that the electronic device is positioned adjacent the desired angle of

the medical device relative to the plane.

7. The apparatus of claim 6, wherein the processor is further configured to
use an additional tmage of the bone to determine when the electronic device is positioned
adjacent an additional desired angle with an additional plane of the bone, and to output an
additional notification when the electronic device is positioned adjacent the additional

desired angle.

8. The apparatus of claim 6, wherem the image of the bone is a superior view

of the bone, a lateral view of the bone, or a posterior view of the bone.

9. The apparatus of claim 6, wherein the image of the bone 1s a pictoral view
of the bone, an x-ray of the bone, a radiograph of the bone, a computed tomography scan

of the bone, or a magnetic resonance tmage of the bone.

10, The apparatus of claim 6, wherein the plane 1s a transverse plane, coronal

plane, or a sagittal plane.

1. The apparatus of claim 6, wherein the processor determines the onentation
of the clectronic device by determining an omentation of a longitudinal axis of the

electronic device.

)
]
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12, 'The apparatus of claim 6, wherein the medical device comprises a screw or
a probe.

13, The apparatas of claim 6, whercin the bone comprises a veriebras.

14. The apparatus of claim 6, further comprising an attachment mechanism for

affixing the clectronic device to the mnstrument for creating a tract m the bone for

recerving the medical device.

15, 'The apparatus of claim 6, wherein the onentation sensor comprises at least

one of a gyroscope, an accelerometer, and an mertial measurement unit.

16. The apparatus of claim 6, wherein the notification comprises a first hine
representing the orentation of the electronic device and a second line representing the

desired angle.

17. A method for verifving an insertion angle of an instrument for determining
a correct angle for a pedicle screw in a vertebra comprising:

aligning an axis of an apparatus with at least one of a sagittal plane, fransverse
plane, and coronal plane of the veriehra in a representation thereof]

capturing an image of the representation of the vertebra;

generating an angle-indicative line on a display, wherein the angle-indicative line
adjusts i response to rotation and onentation of the apparatus and provides a notification

when the apparatus is at the correct angle, the correct angle being a desired angle between

™D
W
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the axis of the apparatus and at least one of the sagittal plane, transverse plane, and

coronal plane.

13, The method of claim 17, wherein aligning the axis of the apparatus further
comprises monmitoring the axis on the display when the apparatus rotates in the transverse

plane.

19, The method of claim 17, wherein aligning the axis of the apparatus further
comprises inttializing an oricntation sensor of the apparatus when the axis is aligned with

the sagittal plane.

20. The method of claim 17, wherein generating the angle-indicative hne
further comprises:

originating the angle-indicative line at a position of a receiving hole; and

svinchronizing rotation of the angle-indicative line with the rotation of the

apparatus.

21 A gystem for indicating an mnsertion sagittal angle of a tract for receiving a
pedicle screw in a vertebra, the system comprising:
an image acquisition unit;
an orientation sensor;
a display;
a processor configured to:
obtain an image of a cross sectional view in a transverse plane of the

veriebra, using the 1mage acquisition unit;
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measure orientation of the system and cabibrate the onentation to align
with a sagittal plane, transverse plane, or coronal planc of the vertebra;

receive defiutions of an insertion sagiftal angle, transverse angle, or
coronal angle of the tract and an nitial position thereof relative to the vertebra;
and

generate an angle-indicative lme on the display, wherein the angle-
mdicative line rotates in response to rotation of the system, and provides a
notification when at least a portion of the system approximately forms the
msertion 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.

22, The system of claim 21, wherein the oricntation sensor comprises at least

one of a gyroscope, an accelerometer, and an inertial measurement unit.

23. The system of claim 22, wherein the gyroscope is operable to measure at

least one axis of rotation.
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