wo 2016/019424 A1 |[IN I/ NDF 0 00O O OO

(43) International Publication Date

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

(19) World Intellectual Property
Organization
International Bureau

\

=

11 February 2016 (11.02.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/019424 A1l

(51

eay)

(22)

(25)
(26)
(30)

(72)

1

74

31

International Patent Classification:
A61B 17/90 (2006.01)

International Application Number:
PCT/AU2015/050256

International Filing Date:
20 May 2015 (20.05.2015)

Filing Language: English
Publication Language: English
Priority Data:
2014100880 5 August 2014 (05.08.2014) AU
2014903034 5 August 2014 (05.08.2014) AU
Inventor; and

Applicant : D'URSO, Paul S. [AU/AU]; Suite 6.1, 32
Erin Street, Richmond, Victoria 3121 (AU).

Agent: WATERMARK PATENT & TRADE MARKS
ATTORNEYS; Level 2, 302 Burwood Road, Hawthorn,
Victoria 3122 (AU).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
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,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(34

Title: STEREOTACTIC TEMPLATE

FIGURE 3 1

10

(57) Abstract: There is provided a patient specific stereotactic template for use in surgery, particularly minimally invasive spinal
surgery. The lower surface of the template is shaped to match an outer surface of a patient's anatomy, such as the skin, and a traject -
ory guide receives an instrument for percutaneous introduction into the patient's body. There is also provided a method of perform-
ing surgery using the template.



WO 2016/019424 PCT/AU2015/050256
1

STEREOTACTIC TEMPLATE

FIELD
[001] The present disclosure relates to a stereotactic template for facilitating
surgery, particularly minimally invasive spinal fusion surgery.
BACKGROUND
[002] Minimally Invasive Surgery (MIS) is becoming a standard of care throughout
the world. To perform minimally invasive percutaneous instrumentation of the spine,
cannulated needles, such as Jamshidi needles, are introduced into the pedicles of the
relevant vertebrae. Once the Jamshidi needle is in place, a guide wire, such as a K-
wire, is introduced through the Jamshidi needle and into the pedicle. The Jamshidi
needle is then removed and the guide wire may then be used to guide the placement of
a cannulated pedicle screw.
[003] In spinal fusion procedures, the accuracy with which the pedicle screws are
inserted in the pedicles of the vertebrae has a direct effect on the surgical outcome.
Accurate placement generally involves considerable judgmental skills that have been
developed through a lengthy training process. As the impact of misaligning one or more
pedicle screws can directly affect patient safety, a number of navigational and trajectory
verification approaches have been developed. Some examples of currently available
guided screw insertion approaches include intraoperative fluoroscopy, both fluoroscope
and computed tomography (CT)-guided computer assisted surgery, electrophysiological
monitoring techniques and ultrasonic image-guided pedicle screw insertion.
[004] It would be desirable to provide a device that would assist the surgeon in
more accurate placement of screws or other instruments in an anatomical body, such
as a vertebral body.
[005] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgement or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general
knowledge in the field of endeavour to which this specification relates.
SUMMARY
[006] In one aspect there is provided a stereotactic template for facilitating a
surgical procedure, wherein said template comprises at least one hollow trajectory
guide sized to receive an instrument for percutaneous introduction into the human

body, wherein said template comprises an upper surface and a lower surface and
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wherein at least part of the lower surface of the template is shaped to match an outer
surface of a patient’s anatomy such as a skin contour.

[007] The stereotactic template is patient specific. The stereotactic template may
be customized based on one or more parts of a patient’s anatomy.

[008] The surgical procedure may be spinal surgery. The surgical procedure may
be minimally invasive spinal surgery. The surgical procedure may be spinal fusion. The
surgical procedure may be transforaminal lumbar interbody fusion (TLIF).

[009] In use, the template may be placed on a patient's skin so that the
engineered lower surface is in contact with the patient’s skin.

[0010] The template may be designed based on patient specific information
obtained via, for example, medical imaging, which may enable at least part of the lower
surface of the template to be engineered to match a skin contour of the patient, and,
further, may enable the at least one trajectory guide to be suitably angled so as to
provide a guiding vector from the surface of the patient’s skin to a target location on, for
example, an anatomical body. The at least one trajectory guide may be suitably angled
relative to the lower surface of the template. The at least one trajectory guide may be
suitably angled relative to the patient’'s skin. The anatomical body may be a vertebral
body. The vertebral body may be a pedicle.

[0011] The at least one trajectory guide may be angled so as to define a vector
between an area on the surface of the patient’s skin and an anatomical body.

[0012] The lower surface of the template and the angle of the at least one trajectory
guide may be designed and shaped based on patient specific information. That is, the
template may be customized so that at least part of the lower surface of the template
matches the contours of a patient’s skin and the one or more trajectory guides angled
S0 as to provide a guiding vector from the patient’s skin to an anatomical body, such as
a vertebral body. The vertebral body may be a pedicle.

[0013] The template may comprise at least two, or at least three, or at least four
trajectory guides. The at least two, or at least three, or at least four trajectory guides
may be angled so as to provide guiding vectors from the patient's skin to an anatomical
body, such as a vertebral body. The vertebral body may be a pedicle.

[0014] Accordingly, the template may facilitate the localisation of skin incisions at an
area where the at least one hollow trajectory guide meets the skin and provide
trajectory approximation for the placement of instruments, such as guide wires, into an
anatomical body, such as a vertebral body, for example a pedicle, by way of, for
example, cannulated needles, such as Jamshidi needles. Advantageously, the template
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improves the accuracy of placement of instruments, such as guide wires, minimising
the possibility that further corrective procedures may be required. This reduces
operating time and therefore cost and also improves patient safety.

[0015] The at least one trajectory guide may be elongate. The at least one trajectory
guide may be substantially cylindrical in shape.

[0016] The at least one trajectory guide may extend beyond the upper surface of the
template. The at least one trajectory guide may extend 1 ¢cm or more, or 2 cm or more
beyond the upper surface of the template. The at least one trajectory guide may extend
between 0.5 and 5 cm beyond the upper surface of the template.

[0017] The internal diameter of the at least one trajectory guide may be between 0.2
and 3 cm or between 0.5 and 2 cm. The internal diameter of the at least one trajectory
guide may be greater than 0.2 cm.

[0018] The internal dimensions of the at least one trajectory guide may be sized so
as to receive an instrument for percutaneous introduction into the human body.

[0019] The lower surface of the template which may be engineered to match the
contours of a patient’s skin may be, at least partly, defined by the ends of the one or
more trajectory guides which, in use, face the patient’s skin.

[0020] The at least one trajectory guide may be angled 45 degrees or less from a
vector perpendicular to the plane approximately defined by the surface of the patient’s
skin.

[0021] The at least one trajectory guide may be angled 25 degrees or less from a
vector perpendicular to the plane approximately defined by the surface of the patient’s
skin.

[0022] The at least one trajectory guide may be angled 15 degrees or less from a
vector perpendicular to the plane approximately defined by the surface of the patient’s
skin.

[0023] The at least one trajectory guide may be angled so that, in use, a vector
passing through the hollow trajectory guide extends through the centre of an axis of a
pedicle.

[0024] The angle of the at least one trajectory guide may be defined by a vector
down the centre of the axis of a pedicle and extended to the skin surface and beyond.
[0025] The angle may be defined using three-dimensional medical imaging data and
computer software.

[0026] The template may comprise one or more radio-opaque markers or fiducial

markers.
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[0027] The fiducial or radio-opaque markers may be used to align the template
when contour matching the skin surface to an anatomical body, such as a vertebral
body, by the use of image intensification X-rays.

[0028] The fiducial markers may be patient specific and incorporated in the device
at a pre-operative design stage. Accordingly, the template may comprise one or more
fiducial markers specific to a patient’s anatomy.

[0029] The template may comprise at least two, or at least three, or at least four
radio-opaque or fiducial markers.

[0030] The fiducial markers may be included in the template to align to the midline
of the spine and to the superior endplate of a vertebral body in the design stage, for
example by using three-dimensional imaging software. By using X-rays the fiducial
markers may be used to accurately align the template with the bony anatomy.

[0031] The one or more trajectory guides may be radio-opaque or fiducial markers.
The one or more trajectory guides may be used as fiducial markers to align coaxial X-
ray images to a pedicle. The X-rays may be obtained in a coaxial plane with the
trajectory guides and a “ring” will appear because the centre of a cylindrical trajectory
guide is hollow and is surrounded by the template material or barrel which absorbs the
X-rays. Accordingly, the ring may be aligned with the pedicle, which itself is also a ring
comprising cortical hard bone surrounding less dense cancellous bone. Therefore the
trajectory guide ring may superimpose itself with the pedical ring when they are
accurately aligned and the X-rays are obtained in a coaxial plane to both the template
and the pedicle.

[0032] The inclusion of fiducial or radio-opaque markers in the template enable the
template to be accurately positioned on a patient’s skin. The markers are patient
specific and are designed into the template based on patient medical imaging. Proper
positioning of the template on the patient's skin is advantageous as it improves the
accuracy of placement of instruments, minimising the possibility that further corrective
procedures may be required. This reduces operating time and therefore cost and also
improves patient safety.

[0033] The template may comprise one or more fiducial or radio-opaque markers
on the surface of the template and additionally the one or more trajectory guides may
be fiducial or radio-opaque markers.

[0034] The template may comprise any combination of the hereinbefore disclosed

embodiments.
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[0035] In another aspect there is provided a method for designing a stereotactic
template comprising the steps of:

a) determining one or more trajectories from a relevant anatomical body to a
patient’s skin surface using preoperative medical imaging;

b) determining the contours of a patient’s skin at an area where the template
will be utilized using preoperative medical imaging; and

c) designing a template comprising at least one hollow trajectory guide,
sized to receive an instrument for percutaneous introduction into the
human body, wherein said template has an upper surface and a lower
surface and wherein the lower surface of the template matches a skin
contour of a patient.

[0036] The at least one trajectory guide may be angled so as to define a vector
between an area on the surface of the patient’s skin and a relevant anatomical body.
[0037] The method may also comprise the step of including one or more radio-
opaque or fiducial markers in the template using preoperative medical imaging.

[0038] The method may also comprise the step of including one or more radio-
opaque or fiducial markers in the one or more trajectory guides using preoperative
medical imaging

[0039] In another aspect there is provided a method for manufacturing a
stereotactic template comprising the steps of:

a) determining one or more trajectories from a relevant anatomical body to
the patient’s skin surface using preoperative medical imaging;

b) determining the contours of a patient’s skin at an area where the template
will be utilized using preoperative medical imaging;

c) designing a template comprising at least one hollow trajectory guide,
sized to receive an instrument for percutaneous introduction into the
human body, wherein said template has an upper surface and a lower
surface wherein the lower surface of the template matches a skin contour
of a patient and;

d) manufacturing the template.

[0040] The at least one trajectory guide may be angled so as to define a vector
between an area on the surface of the patient’s skin and a relevant anatomical body.
[0041] In any of the hereinbefore disclosed embodiments the anatomical body may

be a vertebral body. The vertebral body may be a pedicle.
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[0042] In any of the hereinbefore disclosed embodiments the medical imaging may
be computed tomography.
[0043] In any of the hereinbefore disclosed embodiments the template may be
manufactured using rapid prototype technology.
[0044] In any of the hereinbefore disclosed embodiments the template may be
manufactured using three-dimensional printing.
[0045] In any of the hereinbefore disclosed embodiments the trajectories may be
represented as three-dimensional images with the aid of suitable computer software.
The trajectories may be determined to meet the skin at particular entry points.
[0046] The template may be manufactured from a suitable compatible polymer, such
as, for example polyether ether ketone.
[0047] In another aspect there is provided a use of a stereotactic template as
hereinbefore disclosed in a surgical procedure. The surgical procedure may be spinal
surgery. The surgical procedure may be minimally invasive spinal surgery. The surgical
procedure may be spinal fusion. The surgical procedure may be transforaminal lumbar
interbody fusion (TLIF).
[0048] In another aspect there is provided a method of using a stereotactic template
in a surgical procedure comprising the steps of:
a) providing a stereotactic template according to any one of the hereinbefore
disclosed embodiments; and
b) positioning said template on a patient’s skin so that the lower surface of
the template aligns with a skin contour of the patient and at least one
trajectory guide facilitates percutaneous introduction of an instrument in
an anatomical body.
[0049] The surgical procedure may be spinal surgery. The surgical procedure may
be minimally invasive spinal surgery. The surgical procedure may be spinal fusion. The
surgical procedure may be transforaminal lumbar interbody fusion (TLIF).
[0050] The anatomical body may be a vertebral body. The anatomical body may be
a pedicle.
[0051] The method may further comprise the step of aligning the at least one
trajectory guide via a vector passing through the trajectory guide to the anatomical
body.
[0052] Throughout this specification, use of the terms “comprises” or “comprising” or
grammatical variations thereon shall be taken to specify the presence of stated
features, integers, steps or components but does not preclude the presence or addition
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of one or more other features, integers, steps, components or groups thereof not

specifically mentioned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Figure 1(a) illustrates a plan view of a template according to an embodiment
of the present disclosure.
[0054] Figure 1(b) illustrates a plan view of a template according to an embodiment
of the present disclosure.
[0055] Figure 1(c) illustrates a side elevation of a template according to an
embodiment of the present disclosure.
[0056] Figure 1(d) illustrates a side elevation of a template according to an
embodiment of the present disclosure.
[0057] Figure 2 illustrates a computer simulation of a template according to an
embodiment of the present disclosure.
[0058] Figure 3 illustrates a computer simulation of a template according to an
embodiment of the present disclosure.
[0059] Figure 4 illustrates a computer simulation of a template according to
alternative embodiment of the present disclosure.
[0060] Figure 5 illustrates a computer simulation of a template according to
alternative embodiment of the present disclosure.
[0061] Figure 6 is an X-ray image of a template in position and showing radio-
opaqgue markers.

DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0062] Before the present devices and/or methods are disclosed and described, it is
to be understood that unless otherwise indicated this invention is not limited to specific
devices, components, designs, methods, or the like, as such may vary, unless
otherwise specified. It is also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only and is not intended to be
limiting.
[0063] It must also be noted that, as used in the specification and the appended
claims, the singular forms ‘a@’, ‘an’ and ‘the’ include plural referents unless otherwise
specified. Thus, for example, reference to ‘a guide wire’ may include more than one
guide wires, and the like.
[0064] Disclosed herein are advantageous devices and methods for performing

surgery, particularly spinal fusion surgery. The devices and methods are based on
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patient specific information or patient specific anatomy. Accordingly, a patient specific
template customized to a patient's anatomy is provided which reduces operating time
and improves patient safety.

[0065] In an exemplary embodiment, from patient specific preoperative computed
tomography scan information, trajectories to the relevant pedicles of a patient’s spine
may be determined and such trajectories then reproduced as three-dimensional images
using suitable computer software. Such trajectories may be determined to meet the
skin at particular entry points. A template may then be contour matched to the surface
of the patient’s skin to incorporate such entry points on the skin for guide wires as well
as by virtue of one or more small hollow tubes or trajectory guides extending above the
level of the template. The template is designed with computer aided design software
based on the trajectories determined from the patient’s preoperative imaging.

[0066] The template may be subsequently manufactured using rapid prototype
technology and printed in three-dimensions. Radio-opaque markers may be included in
the template to mark the midline as well as the level of spinal surgery according to the
end plate of the vertebral body. During the manufacturing process, radio-opaque
markers may be incorporated into the template. These markers may be patient and
procedure specific. At the time of surgery the template is placed on the patient’s skin
after the patient has been placed into position for the procedure. The template may
then be used to facilitate markings on the skin for entry points for the placement of
guide-wires through the skin. The template may also incorporate trajectory guides
extending above the level of the template so as to facilitate placement of guide wires,
such as K-wires, via Jamshidi needles. The template is positioned using intraoperative
image intensification to localise the template along the axis of the spine in the midline
as well as at the desired level of the spine according to the end plate of the selected
vertebra and by alignment of the radio-opaque markers.

[0067] The template may be used to mark trajectories and entry points of vectors to
place pedicle screws into the lumbar spine. The template may be designed with a
combination of computer aided design software and preoperative medical imaging data
capturing anatomical morphology. Radio-opaque markers may be incorporated in, for
example, channels in the template which may orientate the template to the patient’s
midline and to a specific level of the spine when image intensification or X-ray radiation
is used to image and align both the template and the patient’s spine simultaneously in a

predetermined way.
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[0068] Computer aided design (CAD) software may be used to construct a template
to surface match the contour of the skin of the patient and integrate a cylindrical vector
extension approximately 2 cm beyond the surface of the skin which captures the
trajectory of the vector in a cylindrical barrel which is attached to the contour matched
template. Positions of radio-opaque alignment markers may be incorporated into the
design.

[0069] The CAD data may be exported to a three-dimensional printing machine so
that the template may be manufactured.

[0070] The template may be contoured matched to the patient’s skin and aligned to
the patient’s spinal anatomy using radiant energy, such as image intensification, so that
the radio-opaque markers are aligned with the image of the patient’s spine in a
predetermined way.

[0071] The template trajectory guides may be used to assist with placement of
Jamshidi needles into the pedicles of the spine, with the assistance of image
intensification if necessary.

[0072] Once the pedicle is located, a K-wire may be introduced through the
Jamshidi needle into the cancellous bone of the vertebral body to replicate the vector
into the pedicle from the skin surface. Once the K-wire is introduced the template may
be removed.

[0073] Referring to Figure 1(a), template (1) has an upper surface (2) and four
trajectory guides (3) which are cylindrical in shape and hollow so as to define a channel
through the upper surface to the lower surface which, in use, face a patient’s skin. In
this embodiment the trajectory guides extend above the upper surface (2).

[0074] Referring to Figure 1(b), the trajectory guides (3) extend above the upper
surface (2) of the template. Fiducial markers are located at (4).

[0075] Referring to Figure 1(c), the bottom faces of the trajectory guides (5) are
collectively engineered so as to define the lower surface of the template which, in use,
is in contact with patient’'s skin. Support part (6) is also engineered to match the
contours of a patient’s skin and in this embodiment forms part of the lower surface. It
can be seen that the trajectory guides are suitably angled so as to define a
predetermined pathway from the surface of the patient’s skin to a relevant vertebral
body.

[0076] Referring to Figure 1(d), the dotted lines (7) through the trajectory guides
represent vectors running from the surface of the skin to a relevant vertebral body.
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[0077] Referring to Figure 2, template (1) having trajectory guides (3) is modelled in
use on the surface of a patient’s skin (10). The spinal structure is shown as (9). The
angled nature of the trajectory guides is clearly visible. Wires (8) are in place within the
hollow trajectory guides.

[0078] Referring to Figure 3, a further view of a modelled skin surface (10) having a
template (1) in position is provided. Again, the angled nature of the trajectory guides (3)
is clearly visible.

[0079]  Figure 4 illustrates another embodiment of a template (1) positioned on a skin
surface. The tissue surrounding the spinal anatomy is cutaway so as to reveal the
vertebral bodies. Trajectory guides (3) project from the upper surface of the template.
The solid lines (11) illustrate alignment of the vectors running through the trajectory
guides with the target vertebral body.

[0080] Figure 5 is a plan view of the skin template positioned on a skin surface (10).
Five fiducial markers (4) are present.

[0081] Figure 6 is an X-ray image (12) of a template showing five fiducial markers (4).
The template is positioned on a patient’s outer anatomy.

[0082] While the foregoing description has focused on spinal surgery, it is
contemplated that the templates and methods described herein may find use in a wide
range of surgical applications, where localization of anatomical bodies is required.
Thus, where it is desired to access a surgical target site via an instrument, the template
of the present disclosure may be used.

[0083] It is to be understood that while the present disclosure has been described in
conjunction with the specific embodiments thereof, the foregoing description is intended
to illustrate and not limit the scope of the disclosure. Other aspects, advantages and
modifications will be apparent to those skilled in the art to which the disclosure pertains.
Therefore, the above examples are put forth so as to provide those skilled in the art
with a complete disclosure and description of how to make and use the disclosed
devices, and are not intended to limit the scope of the disclosure.

[0084] For the sake of brevity, only certain ranges are explicitly disclosed herein.
However, ranges from any lower limit may be combined with any upper limit to recite a
range not explicitly recited, as well as, ranges from any lower limit may be combined
with any other lower limit to recite a range not explicitly recited, in the same way,
ranges from any upper limit may be combined with any other upper limit to recite a

range not explicitly recited.
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[0085] All documents cited are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted and to the extent such disclosure

is consistent with the description of the present disclosure.
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CLAIMS
What is claimed is:
1. A stereotactic template for facilitating a surgical procedure wherein said template

comprises at least one hollow trajectory guide sized to receive an instrument for
percutaneous introduction into the human body, wherein said template comprises an
upper surface and a lower surface and wherein at least part of the lower surface of the
template is shaped to match an outer surface of a patient’s anatomy.

2. A template according to claim 1, wherein the template is patient specific.

3. A template according to claim 1 or claim 2, wherein, in use, the template is
placed on a patient’s skin so that the shaped lower surface is in contact with the
patient’s skin.

4. A template according to any one of claims 1 to 3, wherein the template is
designed based on patient specific information obtained via medical imaging.

5. A template according to any one of claims 1 to 4, wherein the surgical procedure
is spinal fusion surgery.

6. A template according to any one of claims 1 to 5, wherein the surgical procedure
is minimally invasive spinal fusion surgery.

7. A template according to any one of claims 1 to 6 wherein the at least one
trajectory guide is suitably angled so as to provide a guiding vector from the surface of
the patient’s skin to a target location on an anatomical body.

8. A template according to any one of claims 1 to 7 wherein the at least one
trajectory guide is suitably angled relative to the lower surface of the template.

9. A template according to any one of claims 1 to 7 wherein the at least one
trajectory guide is suitably angled relative to the patient’s skin.

10. A template according to any one of claims 1 to 9 wherein the anatomical body is
a vertebral body.

11. A template according to any one of claims 1 to 10 wherein the at least one
trajectory guide is angled so as to define a vector between an area on the surface of
the patient’s skin and a vertebral body.

12. A template according to any one of claims 1 to 11 comprising at least two, or at

least three, or at least four trajectory guides.



WO 2016/019424 PCT/AU2015/050256
13

13. A template according to any one of claims 1 to 12 wherein the at least two, or at
least three, or at least four trajectory guides are angled so as to provide a guiding
vector from the patient’s skin to a vertebral body.
14. A template according to any one of claims 1 to 13 wherein the at least one
trajectory guide is substantially cylindrical in shape.
15. A template according to any one of claims 1 to 14 wherein the at least one
trajectory guide extends beyond the upper surface of the template.
16. A template according to any one of claims 1 to 15 wherein the at least one
trajectory guide extends 1 cm or more, or 2 cm or more beyond the upper surface of the
template.
17. A template according to any one of claims 1 to 16 wherein the internal diameter
of the at least one trajectory guide is between 0.2 and 3 cm.
18. A template according to any one of claims 1 to 17 wherein the lower surface of
the template, which is engineered to match the contours of a patient’s skin is, at least
partly, defined by the ends of the one or more trajectory guides which, in use, face the
patient’s skin.
19. A template according to any one of claims 1 to 18 wherein the at least one
trajectory guide is angled 25 degrees or less from a vector perpendicular to a plane
approximately defined by the surface of the patient’s skin.
20. A template according to any one of claims 1 to 18 wherein the at least one
trajectory guide is angled so that, in use, a vector passing through the hollow trajectory
guide extends through the centre of an axis of a vertebral body.
21. A template according to any one of claims 1 to 20 wherein the template
comprises radio-opaque markers or fiducial markers.
22. A template according to claim 21 wherein the fiducial or radio-opaque markers
align the template when contour matching the skin surface to a vertebral body by the
use of image intensification X-rays.
23. A template according to claim 21 wherein the one or more trajectory guides are
radio-opaque or fiducial markers.
24. A method for designing a stereotactic template comprising the steps of:

a) determining one or more trajectories from a relevant anatomical body to a

patient’s skin surface using preoperative medical imaging;
b) determining the contours of a patient’s skin at an area where the template

will be utilized using preoperative medical imaging; and
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c) designing a template comprising at least one hollow trajectory guide,
sized to receive an instrument for percutaneous introduction into the
human body, wherein said template has an upper surface and a lower
surface and wherein at least part of the lower surface of the template
matches a skin contour of a patient.

A method for manufacturing a stereotactic template comprising the steps of:

a) determining one or more trajectories from a relevant anatomical body to
the patient’s skin surface using preoperative medical imaging;

b) determining the contours of a patient’s skin at an area where the template
will be utilized using preoperative medical imaging;

c) designing a template comprising at least one hollow trajectory guide,
sized to receive an instrument for percutaneous introduction into the
human body, wherein said template has an upper surface and a lower
surface, and wherein at least part of the lower surface of the template
matches a skin contour of a patient and;

d) manufacturing the template.

A template according to any one of claims 4 to 23 or a method according to
claim 24 or 25 wherein the medical imaging is computed tomography.

A template according to any one of claims 1 to 23 or the method of claim 25
wherein the template is manufactured using rapid prototype technology.

A template according to any one of claims 1 to 23 or the method of claim 25
wherein the template is manufactured using three-dimensional printing.

A template according to any one of claims 1 to 23 or the method of claim 25
wherein the template is manufactured from a suitable compatible polymer.

Use of a template according to any one of claims 1 to 23 in a surgical procedure.
A method of using a stereotactic template in a surgical procedure comprising the
steps of:

a) providing a template according to any one of claims 1 to 23; and

b) positioning said template on a patient’s skin so that the lower surface of
the template aligns with a skin contour of the patient and the at least one
trajectory guide facilitates percutaneous introduction of an instrument in
an anatomical body.

A method according to claim 31 wherein the surgery is spinal surgery.
A method according to claim 31 wherein the surgery is minimally invasive spinal
surgery.
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34. A method according to claim 31 wherein the surgery is spinal fusion.

35. A method according to claim 31 wherein the surgery is transforaminal lumbar
interbody fusion (TLIF).

36. A method according to claim 31 wherein the anatomical body is a vertebral body,

such as a pedicle.
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