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INTERNATIONAL PATENT APPLICATION

ORBITAL TROCAR DEVICE WITH DETACHABLE HANDLE
AND ASSOCIATED METHODS

PRIORITY

[0001] This is an Intemational Patent Apphication claiming priority to United States
Provisional Patent Application 62/426,027, filed November 23, 2016, the disclosure of which is
incorporated by reference in ifs entirety.

FIELD OF THE DISCLOSURE

[0002] This disclosure is in the field medical treatment devices and methods. In
particular, the disclosure relates to devices and methods for use in medical procedures incloding
devices incorporating cutting tips for creating or enlarging holes in bone.

BACKGROUND

[0003] Orthopedic surgical procedures can require the creation or enlargement of holes
in bones. In vertebral surgerv, for example, precise alignment of holes is desirable, and in some
instances alignment of holes 1s necessary for proper placement of medical devices, such as
matched medical plates.

[0004] Thus, there is a need for medical devices that allow for precise alignment of
holes in bone, including alignment of holes for use with other medical devices. The disclosure is
directed to these and other important needs.

DISCLOSURE

[0005] The present disclosure provides aspects of trocar insertion systems comprising a
driver handle with a driving shaft affixed thereto, a first mating feature on the end of the driving
shaft opposite the driver handle, an clongated blade fixture having proximal and distal ends with
a second mating feature on the distal end, a spring retention feature located on the elongated
blade fixture between the proximal and distal ends, a collar feature located on the elongated
blade fixture between the spring retention feature and the distal end, a spring housing cap
shidably fitted around the clongated blade fixture between the spring retention feature and the

collar feature, a trocar compression spring shidably fitted around the clongated blade fixture
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between proximal end and the spring retention feature, a spring housing comprising a hollow
body with proximal and distal ends, wherein the distal end is fixedly attached to the spring
housing cap, wherein the trocar compression spring and spring retention feature are enclosed
within the interior volume of the spring housing, wherein the trocar compression spring is
configured to be compressed between the spring retention feature and a spring caiching feature
located at the proximal end of the spring housing, and wherein af least a portion of the elongated
blade fixture is slidably disposed within the spring housing with the central longitudinal axes of
the clongated blade fixture and the spring housing being coaxially aligned, and wherein the first
mating feature and second mating feature are detachably engaged such that the driving shaft and
the clongated blade fixture are detachably connected m coaxial alignment.

[0006] The present disclosure provides kits comprising a driver handle with a driving
shaft affixed thercto, wherein the driving shaft compriscs a first mating feature on the end of the
driving shaft opposite the driver handle, and one or more trocar assemblies, wherein each of the
ong or more trocar assemblics comprises an elongated blade fixture having proximal and distal
ends with a second mating feature on the distal end, a spring retention feature located on the
clongated blade fixture between the proximal and distal ends, a collar feature located on the
clongated blade fixture between the spring retention feature and the distal end, a spring housing
cap shdably fitted around the clongated blade fixture between the spring retention feature and the
collar feature, a trocar compression spring shidably fitted around the elongated blade fixture
between proximal end and the spring retention feature, and a spring housing comprising a hollow
body with proximal and distal ends, wherein the distal end is fixedly attached to the spring
housing cap, wherein the trocar compression spring and spring retention feature are enclosed
within the interior volume of the spring housing, wherein the trocar compression spring 18
configured to be compressed between the spring retention feature and a spring catching feature
located at the proximal end of the spring housing, wherein at least a portion of the clongated
blade fixture 1s slidably disposed within the spring housing with the central longitudinal axes of
the elongated blade fixture and the spring housing being coaxially aligned, and wherein the first
mating feature and second mating features are configured for detachable engagement such that
the driving shaft and the clongated blade fixturc arc detachably connected in coaxial alignment.

[0007] The present disclosure provides aspects of devices comprising an elongate
blade fixtare having proximal and distal ends with a mating feature on the distal end, a spring
retention feature located on the clongated blade fixture between the proximal and distal ends, a
collar feature located on the clongated blade fixture between the spring retention feature and the

distal end, a spring housing cap shidably fitted around the elongated blade fixture between the
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spring retention feature and the collar feature, a trocar compression spring slidably fitted around
the clongated blade fixture between proximal end and the spring retention feature, and a spring
housing comprising a hollow body configured to slidably fit around the clongated blade fixture
and attach to the spring bousing cap.

[0008] The present disclosure provides methods of fixing a matched medical plate
having one or more apertures 1o a body, the methods comprising positioning the matched
medical plate adjacent to the body such that at least one of the one or more apertures is oriented
towards the body, mserting a first trocar insertion systent into a first one of the apertures oriented
towards the body, wherem the first trocar insertion system comprises a driver handle with a
driving shaft affixed thereto, a first mating feature on the end of the driving shaft opposite the
driver handle, an clongated blade fixture having proximal and distal ends with a second mating
feature on the distal end, a spring retention feature located on the clongated blade fixture
between the proxamal and distal ends, a collar feature located on the elongated blade fixture
between the spring retention feature and the distal end, a spring housing cap slidably fitted
around the clongated blade fixture between the spring retention feature and the collar feature, a
trocar compression spring slidably fitted around the elongated blade fixture between proximal
end and the spring retention feature, a spring bousing comprising a hollow body with proximal
and distal ends, wherein the distal end is fixedly attached to the spring housing cap, whercim the
trocar compression spring and spring retention feature are enclosed within the interior volume of
the spring housing, wherein the trocar compression spring is configured to be compressed
between the spring retention feature and a spring catching feature located at the proximal end of
the spring bousing, wherein at least a portion of the elongated blade fixture is slidably disposed
within the spring housing with the central longifudinal axes of the elongated blade fixture and the
spring housing being coaxially aligned, and wherein the first mating feature and second mating
featare are detachably engaged such that the driving shatt and the elongated blade fixtare are
detachably connected in coaxial aligniment, the methods further comprising engaging the exterior
of the first trocar insertion system spring housing with the first aperture oriented towards the
body, applying a force to the driver bandle relative to the matched medical plate to move the
proximal end of the clongated blade fixture through the first aperture oriented towards the body,
fixing the proximal end of the elongated blade fixture to the body, detaching the driving shaft
from the elongated blade fixture by disengaging the first mating feature and second mating
feature, and removing the driver handle with the driving shaft affixed thereto while leaving the

proxunal end of the elongated blade fixture fixed to the body.
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[0009] The present disclosure provides methods of forming a pilot hole in bone tissue,
the methods comprising positioning a matched medical plate having one or more apertures
adjacent to the bone tissue such that at least one of the one or more apertures is orignted towards
the bone tissue, nserting a first trocar insertion system into a first one of the apertures oriented
towards the body, wherein the first trocar msertion syvstem comprises a driver handie with a
dniving shaft affixed thereto, a first mating feature on the end of the driving shaft opposite the
driver handle, an clongated blade fixture baving proximal and distal ends with a second mating
feature on the distal end, a spring retention feature located on the clongated blade fixture
between the proximal and distal ends, a collar feature located on the elongated blade fixture
between the spring retention feature and the distal end, a spring housing cap shidably fitted
around the clongated blade fixture between the spring retention feature and the collar feature, a
trocar compression spring shidably fitted around the elongated blade fixture between proximal
end and the spring retention feature, a spring housing comprising a hollow body with proximal
and distal ends, wherein the distal end is fixedly attached to the spring housing cap, wherein the
trocar compression spring and spring retention feature are enclosed within the interior volume of
the spring housing, wherein the trocar compression spring is configured to be compressed
between the spring retention feature and a spring catching feature located at the proximal end of
the spring housing, wherein at least a portion of the elongated blade fixture is slidably disposed
within the spring housing with the central longitudinal axcs of the clongated blade fixture and the
spring housing being coaxially aligned, and wherein the first mating feature and second mating
feature are detachably engaged such that the driving shaft and the clongated blade fixture arc
detachably connected in coaxial alignment, the methods further comprising engaging the exterior
of the trocar msertion system spring housing with the aperture onented towards the body,
applving a force to the driver handle relative to the matched medical plate to move the proximal
end of the ¢longated blade fixture through the aperture oriented towards the body, forming the
pilot hole m the bone tissue with the proximal end of the clongated blade fixture, and removing
the trocar imsertion system from the matched medical plate aperturs.

[0010] TThe present disclosure provides methods of forming a pilot hole in bone tissue, the
methods including positioning a matched medical plate having one or more apertures baving
first guide of the toroidal interface on one side and a second guide of the toroidal interface on
the opposite side; aligning a trocar msertion system having a drive handle and an elongated
blade. with g spring in a movable spring housing having a toroid forming an extended curved
annular wall surface at its proximal end with atoroidal covering the blade in an unactuate

position; engaging the toroidal interface with the toroid at the first guide of the toroidal imterface
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of the aperture oriented towards the body; adjusting the cone of operation of the trocar insertion
system vig movement within the cone of operation; applying force to the driver handle relative
to the matched medical plate to move the proximal end of the elongated blade fixture and at
icast a portion of the shaft through the toroidal interface and aperture; forming the pilot hole in
the bone tissue with the proximal end of the clongated blade fixture within the limits of a control
cone of operation ; and, removing the trocar msertion system from the matched medical plate
aperture.

[0011] The general description and the following detailed description are exemplary
and explanatory only and are not restrictive of the disclosure, as defined m the appended claims.
{Other aspects of the present disclosure will be apparent o those skilled in the art in view of the
detailed description of the disclosure as provided berein.

DRAWINGS

[0012] The summary, as well as the following detailed description, s further
understood when read m conjunction with the appended drawings. For the purpose of
llustrating the disclosure, there are shown i the drawings exemplary implementations of the
disclosure; however, the disclosure is not limited to the specific methods, compositions, and
devices disclosed. In addition, the drawings are not necessartly drawn fo scale. In the drawings:

[0013] ¥IG 1 llustrates aspects of a trocar insertion device;

[0014] FI{s 2 illustrates aspects of a portion of a trocar msertion device,

[0015] ¥IG 3 illustrates an assembly view of aspects of a trocar insertion device;

[0016] FIG 4 illustrates an assermbly view of aspects of a trocar insertion device;

[0017] FIGS SA-SC illustrate an assembly view of aspects of catches and latches fora
trocar device;

[0018] FIGS 6A-D illustrate cut-away views of aspects of a trocar insertion devices;

[0019] FIGS TA-8E illustrate aspects of trocar insertion svstems;

[0020] FI{s 9 illustrates a trocar insertion system kit; and

[0021] Fi{ 18A-18B ilustrate a cut-away view of a portion of a trocar insertion

devices.

FURTHER DISCLOSURE

[0022] The present disclosure may be understood more readily by reference to the
following detailed description taken in connection with the accompanying figures and examples,

which form a part of this disclosure. It is to be understood that this disclosure is not himited to
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the specific devices, methods, applications, conditions or parameters described and/or shown
herein, and that the terminology used herein 1s for the purpose of describing particular exemplars
by way of example only and is not intended to be linuting of the claimed disclosure. Also, as
used in the specification including the appended clats, the singular forms “a,” “an,” and “the”
include the plural, and reference to a particular numerical value includes at least that particular
value, unless the context clearly dictates otherwise. The term “plurality”, as used herein, means
more than one. When a range of values is expressed, another exemplar mchudes from the one
particular value and/or to the other particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be understood that the particular value
forms another exemplar. All ranges are inclusive and combinable.

[0023] Itis to be appreciated that certain features of the disclosure which are, for
clarity, described heren in the context of separate exemplar, may also be provided in
combination i a single exemplary implementation. Conversely, various features of the
disclosure that are, for brevity, described in the context of a single exemplary implementation,
may also be provided separately or in any subcombination. Further, reference to values stated in
ranges include each and every value within that range.

[0024] In one aspect, the present disclosure provides trocar tnsertion systems. As
depicted in FI( 1, the trocar insertion system may comprise a trocar assembly 100, which can be
detachably connected to a handle assembly 200 using mating features provided thereon.
Exemplary implementations of the handle assemblies 200 and trocar assemblics 100 are depicted
in FIGs 3 and 4. In some exemplars, the trocar insertion systems may comprise a driver handle
(202) with a driving shaft (206) affixed thereto, a first mating feature on the proximal end (220}
of the drving shaft (206) opposite the driver handle (202), an elongated blade fixture (112)
having a proximal end {114) and a distal end (102). Between the proximal end (114) and the
distal end (102} is an clongated region of shaft {115}, A spring retention feature (119) located
on the clongated blade fixture (112) between the proximal and distal ends (114/102), a collar
feature {116) located on the elongated blade fixture (112) between the spring retention feature
(119) and the proximal end (102), a spring housing cap (110} slidably fitted arcund the
elongated blade fixture (112) between the spring retention feature (119} and the collar feature
(116}, atrocar compression spring {108} slidably fitted around the clongated blade fixture {112)
between the proximal end {102) and the spring retention feature (119), a spring housing (106}
comprising a hollow body with proximal and distal ends 166°/1067 | wherein the distal end 1067
is fixedly attached to the spring housing cap (110), the trocar compression spring {108} and
spring retention feature (119) are enclosed within the mterior volume of the spring housing

-6 -
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{106}, the trocar compression spring {(108) 1s configured to be compressed between the spring
retention feature (119} and a spring catching feature (107) located at the proximal end of the
spring housing (106}, and at keast a portion of the elongated blade fixture (112} is shdably
disposed within the spring bousing (106} with the central longitudinal axes of the clongated
blade fixture (112} and the spring housing (106} being coaxially aligned. The first mating feature
and second mating feature can be detachably engaged such that the driving shaft (206} and the
elongated blade fixture (112} arc detachably connected in coaxial alignment. The spring
retention feature (119) may comprise any feature present on the elongated blade fixture (112)
that is capable of retaining one end of a compression spring in a fixed position as the spring is
compressed against the feature. In some instances the spring retention feature (119) comprises a
retatning ring or clip (120} that is positioned within a slot or groove (118} on the clongated blade
fixture (112). In some instances, self~locking retamning nngs can be used without a slot or groove
on the shaft of the elongated blade fixture. Driver handie (202) can be a suitable shape to be
gripped in a human hand. In some 1nstances, the driver handie can be a welled handle saitable for
medical waste collection during use, as described in U.S. Patent Application No. 13/983,535.
Drriving shaft (206) can be affixed within driver handle (202} such that rotation of the driver
handle {202} creates rotation of the driver shaft (206) with no slippage. In somg instances, the
distal end (208) of the driving shaft (206) is affixed within an aperture (204) of driver handie
(202).

[0025] Spring housing (106} can be formed with any switable extemal profile. A
cylindrical cross-section s suitable for some applications, while other polyvgonal, star-shaped,
keyed, flanged, or grooved cross-scctions may be also suitable in other exemplary
implementations. The proximal end (114} of the clongated blade fixture (112} can be located at
the center of the cross-section of spring housing {106} or at other positions as desired, provided
the proximal end (114) can shide through the eod of spring housing (106) during operation.

[0026] The trocar assembly (100} and handle assembly (200} can be detachably
connected using any suitable pair of first and second mating features that allow for connection
and disconnection with coaxial alignment between the driving shaft (206) and elongated blade
fixture (112). In some instances, the first mating feature and second mating feature comprise a
pair of helical threads that can detachably engage together. In some instances, the first and
second mating features comprise a ball detent mechanism arrangement wherein one of the
driving shaft {206} and elongated blade fixture (112} can be received within the other such that a
spring-loaded ball falls partially into an aperture in order to detachably conuect the driving shaft

(206) and clongated blade fixture (112). In some instances, the second mating feature comprises
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a protruding part and the first mating feature comprises a depression adapted to receive the
protruding part in a snap joint configuration. Trocar assembly (100} can inchide an area suitable
for grasping by a user, such as the arca of the clongated blade fixture {112} between trocar
{ocator pin (124} and spring housing cap (110}, The grasping arca can be configured for
enhanced grip by methods known in the art mchuding incorporating coated or textured surfaces,
depressions, grooves, or cut-outs that allow for improved grasping and controlled twisting of the
trocar assembly (100} as it is engaged with the handle assembly {200), provided the features do
not interfere with the shidable engagement of the spring housing cap (110) and spring bousing
{106} around the clongated blade fixture (112) as trocar compression spring (108) 1s compressed.
[0027] In some exemplars, trocar assembly (100} and handle assembly (200} can be
detachably connected with spring-loaded configurations. In some exemplars, the driving shaft
(206) comprises a hollow tube with a first aperture (210) and a second aperture (212) through the
walls of the hollow tube on opposite sides of the central longitudinal axis of the hollow tube, a
third aperture (214} through the wall of the hollow tube in a position between the location of the
first and second apertures and the proximal end of the holiow tube, and a groove (222} through
the wall of the hollow tube at the proximal end. In the spring-loaded configurations, the trocar
insertion systems further comprise a spring stop pin (216} fixed within the first and second
apertures €210/212) and passing through the contral longitudinal axis of the hollow tube, a
control pin (218) fixed within the third aperture (214) and partially extending mto the interior
volome of the hollow tube, and a spring pressure pin (226) comprising a cvhinder configured to
shide within the interior of the hollow tube, positioned within the interior volume of the hollow
tube with the longitudinal axis of the cvlinder aligned with the hollow tabe longitudinal axis. In
the spring-loaded configurations the spring pressure pin (226) can have a reduced diameter in a
portion of the middie of the side walls, the reduction in diameter can be at least as large as the
portion of the control pin that partially exiends nto the interior volume of the hollow tube, and
the spring pressure pin {226) can be positioned such that the portion of the control pin that
partially extends into the interior volume of the hollow tube is slidably contained within the
volome of the reduced diameter portion of the spring pressure pin {226} between the two noa-
reduced-diameter end regions of the spring pressure pin (226). In these instances, a handle
compression spring (224) can be positioned within the interior volume of the hollow tube
between the spring stop pin and the spring pressure pin (226}, and a fourth aperture can be
located on the clongated blade fixture {112) between the collar feature (116} and the distal end,
the distal end of the clongated blade fixture can be configured to slidably fit within the interior of

the proximal end of the hollow tube, a trocar locator pin (124) can be tixed within the fourth
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aperture (122} and partially extending outward from the clongated blade fixture (112) surface.
For connection of the trocar assembly (100} to the handle assembly (200), the driving shaft {206)
and clongated blade fixture (112} can be detachably connected by the detachable engagement of
the trocar locator pin (124) within the groove (222) of the driving shaft {206}, and the handle
compression spring {224) can be at least partially compressed by the spring pressure pin (226),
which can be slidably contained between the distal end of the ¢longated blade fixture (112) and
the handle compression spring {224}, Aspects of some exemplars of such engagement are
depicted 1n FIGs 6A-6D.

[0028] In some exemplary implementations of the trocar insertion svstems the exterior
of the spring housing {106} can be configured 1o engage with an aperture (302) of a matched
medical plate (300) such that the spring housing (106) 1s retamed within the aperture (302} and
the proximal end of the elongated blade fixture (112) passes through the aperture (302) when a
force 13 applied to the distal end of the elongated blade fixture (112} relative to the matched
medical plate (300). FiGs 7A and 8A depict one implementation of such a system. FIG 6A
depicts a cut-away view of an implementation of a trocar insertion systerm when the trocar
compression spring {108) is compressed by the force agamst a maiched medical plate (300),
having an aperture 302 which is not shown in FIG 6A, and the proximal end (114} of the
clongated blade fixture (112) is exposed. In one aspect, the present disclosure provides a trocar
ingertion svstems as depicted in FIG 6D, the trocar insertion system comprises a trocar assembly
(101), which can be detachably connected to a handle assembly 200 using mating features
provided thereon. The exterior of the spring housing (106) comprises a cylinder with a tapered
diameter proximal end (109) having at its end 1097 a toroid (128) forming an extended curved
annular wall surface (129).

[0029] FIGs 7B and 8B depict aspects of mnplementations of a trocar insertion system
with toroid end to allow the user to position a blade deployvment in a cone of operation. FlGs 7B
and 6D depicis a view of an implementation of a trocar insertion system when the trocar
compression spring is in an un-actuated state whereby the spring housing covers the elongated
blade. When actuated via compression by the force against a matched medical plate (350), as is
shown in FiGG 8B, and the proximal end (114) of the elongated blade fixture 1s exposed.

[0030] FIG 8B turther illustrates aspects of a trocar with spring housing with matched
medical plate 350 and toridal interface 400. A matched medical plate refers to a medical plate
that matches the distal end of the spring housing (106} with tapered diameter proximal end {(109).
In this exemplar the toroid (128) portion at the end (1097) forms an extended curved annular wall

surface (129). The annular wall surface mates reversible with the curved guide (401) which
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provides for movement of the device and the exposed proximal end (114) which protrudes
through the matched medical plate (350) thereby allowing for operation, resection and tool usage
at angles other than perpendicular io the matched medical plate. Those of ordinary skill in the art
will recognize that the torotd (128) may be positioned at a non-tapered distal end if the spring
housmg does not include a tapered end and such an arrangement is within the scope of this
disclosure.

[0031] FiGs 8C-8E iHustrates aspects of a trovar with spring housing with matched
medical plate 355 and toridal imterface 400. In this exemplar the toroid (128) portion again
covers the end (1097) forming an extended curved annular wall surface (129} and it mates
reversible with the first guide (402} of the toroidal interface {400} which provides for movement
of the device and the exposed proximal end (114) in the first guide (402) which is placed away
from a body bemg operated on. During operation the elongated shaft (113} of an exposed
proximal end (114) of the clongated blade fixture (112} 1s imited to movement within the second
guide {404}, Which faces the body being operated on, of the toroidal interface. The maximum
arca of operation for the exposed proximal end (114} 1s set by a control cone of operation (406)
in the toroidal interface which is defined by the angle theta “07 of the second gwide (404). FIG
&C iHustrates operation when the position of the shaft (115} is at theta “6” of about 10 degrees.
F1G 8D ilhustrates operation when the position of the shaft (115} 15 at theta “8” of about 20
degrees. FIG 8E illustrates operation when the position of the shaft (113} is at theta 87 of about
30 degrees.

[6032] In some exemplary implementations of the trocar sertion systems the exterior
ot the spring housing (106) comprises a cvlinder with a tapered diameter proximal end (109}
near the proximal end of the elongated blade fixture (112). One such exemplar is depicted in FIG
16.

[0033] The proximal end of the elongated blade fixture can be any shape desired by a
user. Suitable shapes can include drivers, screwdrivers, wrenches, cutters, probes, retractors,
resectors, awls, prods, or other shapes useful for surgical applications. In some nstances of the
trocar insertion systems the proximal end of the elongated blade fixture (112} comprises a shape
suitable for anchoring mto body tissuc. In some instances the trocar insertion systoms the
proximal end of the elongated blade fixture (112) comprises a bone awl. In some mstances the
trocar imsertion systems the proximal end of the elongated blade fixture (112) comprises a shape
suitable for forming pilot holes in bone. In some instances the trocar insertion systems the
clongated blade fixture (112) further comprises a lumen. In some instances a portion of the

clongated blade fixture shaft comprises a cutting or filing zone.
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[0034] FIGs SA-5C depict groove (222) of the driving shaft (206} that is included in
some instances of the trocar insertion systems. During detachable engagement, trocar locator pin
{124} shides nto groove (222} and is held i place in a resting position (223} of the groove by the
force excrted by the handle compression spring (224) when the spring is in a compressed state,
as depicted in FIGs 64 and 6B. Groove (222) can be formed 1n a vanety of shapes, provided that
the groove (222} allows for insertion of trocar locator pin (124} and provides a resting position
(223). In some ¢xemplars, the force applied to the elongated blade fixture (112} during methods
ot use will compress the handle compression spring (224) such that the trocar locator pin {124} is
driven into a working position {225}, Working position {225} can be provided in various
positions of the groove (222} and preferably allows for the elongated blade fixtare (112} to be
rotated with the rotation of the driver handle (202) and driving shaft (206). In some cxemplars,
the force applied to the clongated blade fixture (112) during methods of use will not compress
the handle compression spring {224), and the elongated blade fixture (112} can be rotated with
the rotation of the driver handle (202) and driving shaft (206} with trocar locator pin {(124)
remaining in the resting position (223).

[0035] The present disclosure also provides kits comprising one or more trocar
assemblies (100} and one or more handie assemblies (200}. in some exemplary implementations
the kits comprise a driver handle (202) with a driving shaft (206} affixed thereto, wherein the
dniving shaft (206} comprises a first mating feature on the end of the driving shaft (206} opposite
the driver handle {202} and one or more trocar assemblies (100}, In some instances the ong or
more trocar assemblics 100 comprise an clongated blade fixture (112} baving proximal and distal
ends with a second mating feature on the distal end, a spring retention feature (119) located on
the clongated blade fixture (112) between the proximal and distal ends, a collar feature (116)
located on the elongated blade fixture {112) between the spring retention feature (119} and the
distal end, a spring housing cap {110} slidably fitied around the clongated blade fixture (112}
between the spring retention feature (119) and the collar feature (116), a trocar compression
spring (108} shidably fitted around the elongated blade fixture (112) between proximal end and
the spring retention feature (119), a spring housing {106) comprising a hollow body with
proximal and distal ends, wherein the distal end 1s fixedly attached to the spring housing cap
(110}, wheremn the trocar compression spring (108) and spring retention feature (119) are
enclosed within the interior volume of the spring housing {106}, wherein the trocar compression
spring {108} is configured to be compressed between the spring retention feature {(119) and a
spring catching feature (107) located at the proximal end of the spring housing (106}, and

wherein at least a portion of the clongated blade fixture (112) 15 shdably disposed within the
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spring housing (106} with the central longitudinal axes of the elongated blade fixture (112) and
the spring housing (106} being coaxially aligned, and wherein the first mating feature and second
mating features are configured for detachable engagoment such that the driving chaft (206) and
the clongated blade fixture (112) are detachably connecied in coaxial alignment. In some
instances, kits can further comprise a tool configured for connecting a trocar assembly to the
dniving shaft (206}, detaching a trocar assembly from the driving shaft (206}, or both. One
exemplar of a kit 1s depicted in FIG 9, which can include one or more trocar assemblies 100/101,
one or motre handle assemblies 200, one or more fixed drivers 400, one or more torque-limiting
drivers 500, one or more matched medical plates 300/350/353, and one or more plate holding
forceps 600 contained in a sterile-packed instrument tray 700. In some exemplary
implementations, as many of the components in the kits are designed for single-use and are
disposable. In some instances, the entire kit 1s compatible with medical-grade sterilization
procedures, including but not limited to ethylene oxide (EtQ) and gamma ray sterilization.

[0036] The present disclosure also provides devices comprising an elongated blade
fixture {112} having proximal and distal ends with a mating feature on the distal end, a spring
retention feature (119} located on the elongated blade fixture (112) between the proximal and
distal ends, a collar feature {116} located on the elongated blade fixture (112) between the spring
retention feature (119} and the distal end, a spring housing cap (110) shidably fitted around the
clongated blade fixture {112) between the spring retention feature (119) and the collar feature
(116}, a trocar compression spring {108) shdably fitted around the elongated blade fixture (112}
between proximal end and the spring retention feature {119), and a spring housing (106)
comprising a hollow body configured to slidably fit around the elongated blade fixture (112} and
attach to the spring housing cap (110}, In some instances, the devices may comprise a spring
housing {106} that further comprises prosimal and distal ends, wherein the distal end is attached
to the spring housing cap (110}, the trocar compression spring (108) and spring retention feature
(119} are enclosed within the interior volume of the spring housing (106), the trocar compression
spring (108} is configured to be compressed between the spring retention feature (119} and a
spring catching feature (107) located at the proximal end of the spring housing {106}, and at [cast
a portion of the elongated blade fixture (112} is slidably disposed within the spring housing (106}
with the central longitudinal axes of the elongated blade fixture (112} and the spring housing
{106} being coaxially aligned. In some nstances the exterior of the spring houosing (106) can be
configured to engage with an aperture (302) of a matched medical plate (300} or the toroidal
interface (400) in matched medical plates (350/355) such that the spring housing (106) is

retamned within the aperture (302) and the proximal end of the elongated blade fixture (112)
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passes through the aperture (302) when a force 1s applied to the distal end of the elongated blade
fixture {112) relative to the matched medical plate (350/355). In some instances of the devices
the exterior of the spring housing (106) comprises a cylinder with a tapered diameter at its
proxunal end (109). The proximal end of the clongated blade fixture can be any shape desired by
a user. Suitable shapes can mclude drivers, screwdrnivers, wrenches, cutters, probes, retractors,
resectors, awls, prods, or other shapes useful for surgical applications. In some nstances of the
devices the proximal end of the elongated blade fixture (112} compnses a shape suitable for
anchoring mto body tissue. fn some instances of the trocar insertion systerns the proximal end of
the elongated blade fixture (112) comprises a bone awl. In some instances of the devices the
proximal end of the clongated blade fixture (112} comprises a shape suitable for forming pilot
holes in bone. In some instances of the devices the clongated blade fixture (112) further
comprises a tumen. In some instances of the devices a portion of the elongated blade fixture shaft
comprises a cutting or filing zone.

[0037] The present disclosure provides methods of using one or more trocar assemablics
(100) and one or more handiec assemblics (200} disclosed herein. In some aspects, the methods of
use include methods of fixing matched medical plates (300/350/355) 10 a body. In other aspects,
the methods of use include methods of fornung pilot holes in bone tissue. In some exemplary
implementations the methods of forming piiot boles in bone tissue can include the use of
matched medical plates (300/350/335), and can be used to form pilot holes aligned with
apertures (302} of the matched medical plates (300/350/355).

[0038] The present disclosure provides methods of fixing a matched medical plate
(300) having one or more apertures {302} to a body, the methods comprising positioning the
maiched medical plate (300/3510/3553adjacent to the body such that at least one of the one or
more apertures {302} is onented towards the body, inserting a first trocar insertion system mio a
first ong of the apertures (302) oriented towards the body, wherein the first trocar ingertion
svstem comprises (i) a driver handle (202) with a driving shaft (206) affixed thereto, (it) a first
mating feature on the end of the driving shaft (206) opposite the drnver handle (202), (i1i) an
clongated blade fixture {112) having proximal and distal ends with a second mating featare on
the distal end, (iv) a spring retention feature {119) located on the clongated blade fixture (112}
between the proximal and distal ends, (v} a collar feature (1 16) focated on the elongated blade
fixture {112) between the spring retention feature (119} and the distal end, (vi) a spring housing
cap {110} slidably fitted around the elongated blade fixture (112} between the spring retention
feature (119) and the collar feature (116), (vi) a trocar compression spring (108} slidably fitted

around the elongated blade fixture (112) between proximal end and the spring retention feature
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{119}, and (vi1) a spring housing (106) comprising a hollow body with proximal and distal ends,
wherein the distal end 1s fixedly attached to the spring housing cap (110}, wherein the trocar
compression spring {108} and spring retention feature (119) are enclosed within the inderior
volume of the spring housing (106), wherein the trocar compression spring {108} 1s configured to
be compressed between the spring retention feature (119) and a spring catching feature (107)
located at the proximal end of the spring housing (1063, wherein at least a portion of the
clongated blade fixture {112} s slidably disposed within the spring housing (106} with the
central longitudinal axes of the clongated blade fixture (112) and the spring housing (106} being
coaxially aligned, and wherein the first mating teature and second mating feature are detachably
engaged such that the driving shaft (206) and the elongated blade fixture (112) are detachably
connected n coaxial alignment, the method further comprising engaging the exterior of the first
trocar msertion system spring housing (106} with the first aperture (302) oriented towards the
body, applying a forcs to the driver handle (202) relative to the matched medical plate
(300/350/355) to move the proximal end of the elongated blade fixture {112) through the first
aperture {302} onented towards the body, fixing the proximal end of the clongated blade fixture
{112} to the body, detaching the dniving shatt (206) from the clongated blade fixture (112) by
disengaging the first mating feature and second mating feature, and removing the driver handle
(202} with the driving shaft (206) affixed thereto while leaving the proximal end of the clongated
blade fixture (112} fixed to the body. In some exemplary implementations, the methods further
comprise positioning the matched medical plate (300} adjacent to the body such that a second
aperture of the one or more apertures {302) is oriented towards the body, and the methods further
comprise engaging the first mating feature on the end of the driving shatt (206) with a third
mating feature of a trocar device to form a second trocar insertion system, wherein the trocar
device comprises (1) an elongated blade fixture {112} having proxamal and distal ends with a
third mating feature on the distal end, (11} a spring retention feature (119) located on the
clongated blade fixture (112) between the proximal and distal ends, (i) a collar feature (116)
located on the elongated blade fixture (112) between the spring retention feature (119) and the
distal end, (iv) a spring housing cap {110} shidably fitted around the clongated blade fixture (112}
between the spring retention feature (119) and the collar feature (116), (v) a trocar compression
spring {108) shdably fitted around the clongated blade fixture (112} between proximal end and
the spring retention feature (119}, and (vi} a spring housing (106} comprising a hollow body
configured to shidably fit around the clongated blade fixture (112} and attach to the spring
housing cap (110}, the methods further comprising inserting the second trocar insertion system

mio the second aperture oriented towards the body, engaging the exterior of the spring housing
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{106} of the second trocar imsertion system with the aperture, applyving a force to the driver
handle (202) relative to the matched medical plate (300} to move the proximal end of the
clongated blade fixture (112} of the second trocar insertion system through the aperture, fixing
the proximal end of the clongated blade fixture (112) of the second trocar insertion system to the
body, detaching the driving shaft (206) from the trocar device by disengaging the first mating
feature and the third mating feature, and removing the driver handle (202} with the driving shaft
(206} affixed thereto while leaving the proximal end of the clongated blade fixture (112) of the
trocar device fixed to the bodv.

[0039] The present disclosure provides methods of forming a pilot hole in bone tissue,
the methods comprising positioning a matched medical plate (300) having one or more apertures
(302} adjacent to the bone tissue such that at least one of the one or more apertures (302) s
onented towards the bone tissue, mserting a trocar msertion sysiem into one of the apertures
(302) oriented towards the body, wheremn the trocar insertion system comprises (1) a driver
handle (202} with a dnving shaft (206} affixed thereto, (it} a first mating feature on the end of the
driving shaft (206} opposite the driver handle (202), (101) an clongated blade fixture (112) having
proximal and distal ends with a second mating feature on the distal end, (1v} a spring retention
feature (119) located on the clongated blade fixture (112) between the proximal and distal ends,
(v} a collar feature {116} located on the clongated blade fixture (112) between the spring
retention feature (119) and the distal end, (vi) a spring housing cap {110) shdably fitted around
the elongated blade fixture (112} between the spring retention feature (119) and the collar feature
(116}, {vi1) a trocar compression spring (108) slidably fitted around the ¢longated blade fixture
(112) between proxamal end and the spring retention feature (119), and (viu) a spring housing
(106} comprising a hollow body with prosimal and distal ends, wherein the distal end 1s fixedly
attached to the spring housing cap (110}, wherein the trocar compression spring {108} and spring
retention feature (119} are enclosed within the terior volome of the spring housing (106},
wherein the trocar compression spring (108} is configured to be compressed between the spring
retention feature {(119) and a spring caiching feature (107) located at the proximal end of the
spring housing {106}, wherein at least a portion of the elongated blade fixture (112} is slidably
disposed within the spring housing (106) with the central longitudinal axes of the clongated
blade fixture (112) and the spring housing {106} being coaxaally aligned, and wherein the first
mating feature and second mating feature are detachably engaged such that the driving shaft
{206} and the elongated blade fixture (112} are detachably connected in coaxial alignment, the
methods further comprising engaging the oxterior of the trocar insertion system spring housing

{106) with the aperture (302) oniented towards the body, applying a force to the driver handle
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(202} relative to the matched medical plate (300/350/335) to move the proximal end of the
elongated blade fixture (112) through the aperture (302) oriented towards the body, forming the
pilot hole n the bone tissue with the proximal end of the elongated blade fixture (112}, and
removing the trocar insertion svstem from the matched medical plate (300} aperture (302).

[0040] In any of the above exemplary taplementations when utilizing a matched
medical plate (350/355) with a toroidal interface (400} the elongated blade fixture (112} can be
utilized along any portion of the control cone of operation (406}, Accordingly, the angle theta
“§” which defines the maximum cone of operation may be preset. In some instance the kit may
contain several matched medical plate (which may be marked to show their aspects of cones of
operation} and some maybe preset at theta 07 less or greater than others thereby providing the
user a choice on who to lmit the cone of operation.

[0041] Those of ordinary skill in the art will appreciate that a vaniety of materials can
be used 1 the manufacturing of the components in the devices and systems disclosed herem.
Auy suitable structure and/or material can be used for the various features described herein, and
a skilled artisan will be able to select an appropriate structures and materials based on various
considerations, including the miended use of the systems disclosed heren, the intended arena
within which they will be used, the sterilization parameters and/or sterilants to which they are
mtended to be exposed, and the equipment and/or accessorics with which they are intended to be
used, among other considerations. Conventional polymeric, metal-polvmer composites,
ceramics, and metal materials are suitable for use in the various components. Examples of
suitable polvmer maternials include polvetherimide (Ultem®), polyacrviamide (Ixef®), and other
medical grade engincered polyvmeric (plastic) materials, extruded, injection-molded, or otherwise
formed into the desired structures. In some mstances, the number of polvmer components 1s
maximized in order to provide systems most suttable as single-use disposables. For uses
requuiring stronger systems, particular components such as the ¢longated blade fixture (112) and
driving shaft (206) can be machined or ground stainless steel, including 302, 316, 416, 420,
440¢c, 455, 465, 17-4, 17-7, and other grades. In some instances the spring housing {106), trocar
locator pin (124), spring stop pin (216}, contral pin (218), and spring pressure pin {226} can be
made from stainless steel, including 302, 316, 416, 420, 440c¢, 455, 465, 17-4, 17-7, and other
grades. Trocar compression spring (108) and handle compression spring (224) can be stainless
steel or medical grade engineered polymer, provided they are selected to provide suitable spring
rates and cycle life for the desired vse. Matched medical plates (300/350/355) can be radiopaque

in some mstances. Materials hereinafier discovered and/or developed that are determined to be
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suttable for use m the features and elements deseribed herein would also be considered
acceptable.

[0042] When ranges are used herein for physical properties, such as molecular weight,
or chemical properties, such as chemical formulace, all combinations, and subcombinations of
ranges for specific exemplar theren are intended to be ncluded.

[0043] The disclosures of each patent, patent application, and publication cited or
described m this document are hereby incorporated hergin by reference, in ifs entirety.

[0044] Those of ordinary skill in the art will appreciate that numcerous changes and
modifications can be made to the exemplars of the disclosure and that such changes and
modifications can be made without departing from the spint of the disclosure. It is, therefore,
intended that the appended claims cover all such equivalent variations as fall within the true

spirtt and scope of the disclosure.

-17 -



WO 2018/098086 PCT/US2017/062631

What is Claimed:
I. A spring housing mated to a trocar assembly comprising:

a hollow body {106} with proximal end (1067} and distal end (1067},
wherein

the distal end is fixedly attached to a spring housing cap (110},
a trocar compression spring (108} and spring retention feature (119} are enclosed within the
mnterior volume of the spring housing (106},

the trocar compression spring (108) 13 configured to be compressed between the spring
retention feature (119) and a spring catching feature (107) located at the proxamal end (109} of
the spring housing (106), and;

at Jeast a portion of an elongated blade fixture (112) is slidably disposed within the spring
housing (106) with the central longitudmal axes of the elongated blade fixture (112) and the

spring housing (106} being coaxially aligned.

2. The spring housing assembly of claim 1 further comprising:
a driver handle (202) with an at feast partially hollow driving shaft (206) affixed thereto;
a first mating feature on an open proximal end (220} of the dniving shaft (206} opposite
the driver handle {202}, and,

wheren the hollow body fits movably into the proximal end.

3. The spring housing assembly of claim 2 further comprising;

the elongated blade fixture (112) has a proxamal and distal ends with a second mating
feature on 1ts distal end; and,

the spring retention feature {119} s located on the ¢longated blade fixture (112) between

the proximal and distal ends.

4. The spring housing assembly of claim 3 further comprising:

a collar feature {116} located on the elongated blade fixture (112) between the spring retention
feature (119) and the distal end; and,

a spring housing cap (110} shidably fitted around the ¢longated blade fixture (112) between the

spring retention feature {119) and the collar feature (116}
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5. The spring housing assemblv of claim 3 or 4 further comprising a trocar compression
spring (108) shdably fitted around the elongated blade fixture (112) between proximal end and

the spring retention feature (119).

o. The spring housing assembly of claim 1 further comprising a toroid (128) at the proximal

end of the hollow body (106} forming an extended curved annolar wall surface (129).

3

A mcthod of forming a pilot hole 10 bone tissue, the method comprising:
positioning a matched medical plate (350} having one or more aperiures (302) with
curved guides (401) adjacent to the bone tissue such that at least one of the ong or more apertures
(302} is oriented towards the bone tissue;

inserting a trocar insertion system into one of the apertures (302) onented towards the
body:

a spring housing (106} baving a hollow body with a proximal end and a distal end;

wherein the distal end is fixedly attached to the spring housing cap (110), the trocar
compression spring {108} and spring retention feature (119} are enclosed within the interior
vohume of the spring housing (106}, the trocar compression spring (108} is configurad to be
compressed between the spring retention feature (119} and a spring catching feature (107)
located at the proximal end of the spring housing (106}, at least a portion of the elongated blade
fixture (112} 15 shidably disposed within the spring housing (1063 with the central longitudinal
axes of the clongated blade fixture (112} and the spring housing (106} being coaxially
aligned:wherem the first mating feature and sccond mating feature are detachably engaged such
that the driving shatt (206) and the clongated blade fixture (112) are detachably connected in
coaxial alignment;

engaging the proximal end {109) of the spring housing (166) with the aperture (302)
oriented towards the body;

applying a force to the driver handle (202) relative to the matched medical plate (350) to
move the proximal end of the elongated blade fixture (112) through the aperture (302) oriented
towards the body;

formmg the pilot hole 1 the bone tissue with the proxamal end of the elongated blade
fixture (112); and,
removing the {rocar insertion system from the matched medical plate (350) aperture

(302).
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8. The method of formung a pilot hole of claim 7 further comprising placing the spring

housing within the open proximal end (220) of a driving shaft attached to a driver handle (202).

9. The method of forming a pilot hole of claim 8 wherein the clongated blade fixture (112)
has a proximal and distal ends with a second mating feature on its distal end; and,
the spring retention feature {119) is located on the elongated blade fixture (112) between the

proximal and distal ends.

10, The method of formung a pilot hole of claim @ wherein a collar feature (116} located on
the clongated blade fixture {112) between the spring retention feature (119} and the distal end;
and,

a spring housing cap {110} shidably fitted around the clongated blade fixture (112) between the

spring retention feature (119) and the collar feature (116).

12, 'The method of forming a pilot hole of claim 11 wherein a frocar compression spring
{108} 1s slidably fitied around the elongated biade fixture (112} between proximal end and the

spring retention feature {119).

13, A method of forming a pilot hole in bone tissue, the method comprising:

positioning a matched medical plate (355} having one or more apertures (302) having
first guides on one side and a second guide,

nserting a trocar insertion system into one of the apertures (302) oriented towards the
body, wheren the trocar msertion svstem includes an mierface (400) which comprises;

a driver handie (202) with a driving shaft (206} affixed thereto;

a first mating feature on the end of the driving shaft {206} opposite the driver handle
{202y,

a shaft (115} with an elongated blade fixture (112} at one end having proximal and distal
ends with a second mating feature on the distal end;

a spring retention feature (119) located on the clongated blade fixture (112) between the
proximal and distal ends;

a collar feature (116) located on the elongated blade fixture (112) between the spring
retention feature (119} and the distal end;

a spring housing cap {110} slidably fitted around the elongated blade fixture (112)

between the spring retention feature (119) and the collar feature (116);
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a trocar compression spring (108) slidabiy fitted around the elongated blade fixture (112)
between proximal end and the spring retention feature (119};
a spring housing (106} comprising a hollow body with 3 proximal end and distal end, wherein

the distal end is fixedly attached to the spring housing cap (110},

the trocar compression spring (108) and spring retention feature (119} are enclosed

within the interior volume of the spring housing (106},

the trocar compression spring {108} is configured to be compressed between the spring
retention feature (119} and a spring catching feature (107) located at the proximal end of the
spring housing (106), and,

at least a portion of the elongated blade fixture (112) is slidably disposed within the
spring housing (106} with the central longrtudinal axes of the elongated biade fixture (112) and
the spring housing {106} being coaxially aligned,

wherein the first mating feature and second mating feature are detachably engaged such
that the driving shaft (206) and the ¢longated blade fixture (112) are detachably connected in
coaxial alignment;

engaging the aperature with the trocar insertion system spring housing (106) with the first
guide of the aperture {302} oriented towards the body;

applying a foree to the driver handle (202} relative to the matched medical plate (355) to
move the proximal end of the clongated blade fixture (112) and at least a portion of the shafi
(115) through the aperture (302} oriented towards the body;

forming the pilot hole 1 the bone tissue with the proximal end of the clongated blade

fixture (112).
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