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INTERNATIONAL PATERT APPLICATION

ORBITALTROCAR DEVICE WITH DETACHABLE HANDLE
AND ASSUCIATED METHODS

PRIORITY

[0001] This 1s an Intemational Patent Apphication claming prionty to United States
Provisional Patent Apphication 62/426,027, filed November 23, 2016, the disclosure of which is
incorporated by reference in s entirety.

FIELD OF THE DISCLOSURE

[0002] This disclosure 18 m the ficld medical treatment devices and methods. In
particular, the disclosure relates to devices and methods for use m medical procedures mclouding
devices mncorporating cutting tips for creating or enlarging holes i bonge.

BACKGROUND

[0003] Orthopedic surgical procedures can require the creation or enlargement of holes
1 bones. In vertebral surgery, for example, precise alignment of holes 1s desirable, and in somie
instances alignment of holes 15 necessary tor proper placement of medical devices, such as
matched medical plates.

[0004] Thus, there is a need tor medical devices that allow for precise alignment of
holes m bone, mciuding alignment of holes for use with other medical devices. The disclosure 1s
directed to these and other important needs.

DISCLOSURE

[0005] The present disclosure provides aspects of trocar msertion systems comprising a
driver handle with a dnving shaft athixed thereto, a first mating feature on the end of the driving
shatt oppasite the driver handie, an clongated blade fixture having proxaimal and distal ends with
a second mating feature on the distal end, a spring retention feature located on the elongated
blade fixture between the proxumal 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
shdably fittcd around the clongated blade fixture between the spring retention feature and the

collar teature, a trocar compression spring shidably fitted around the clongated blade fixture

-1 -
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between proxamal end and the sprmg retention feature, a spring housing comprnising a hollow
body with proxamal and distal ends, wheremn the distal end 1s fixedly attached to the spring
housing cap. wherein the trocar compression spring and spring retention feature are enclosed
within the mierior volume of the spring housing, wherem the frocar 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, and wherein at least a portion of the elongated
blade fixture 1s shidably disposed within the spring housing with the central longitudinal axes of
the eclongated blade tixture and the spring housing bemg coaxially aligned, and wherein the first
mating feature and sccond mating feature are detachably engaged such that the drniving shaft and
the clongated blade fixture are detachably connected m coaxial alignment.

[0006] The present disclosure provides Kits comprising a driver handliec with a dnving
shaft affixed thercto, wherein the driving shaft compnises a first mating feature on the end of the
dnving shatt oppostte the driver handle, and one or more trocar assembhies, wherein each of the
one or more trocar assemblics comprises an elongated blade tixture 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
clongated 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 shdably fitted around the clongated blade fixture
between proxumal end and the spring retention feature, and a spring housing comprising a holiow
body with proxumal and distal ends, wherem the distal end s fixedly attached to the spring
housing cap, wheremn the trocar compression spring and spring retention feature are enclosed
within the intenior volume of the spring housing, wherein the trocar compression spring is
configured to be compressed between the spring retention feature and a spring catching featore
located at the proxumal end of the spring housing, wherein at least a portion of the clongated
biade fixture 15 shidably disposed withun the spring housmg with the central longitudinal axes of
the elongated blade fixture and the spring housing bemg coaxually aligned, and whercin the first
mating {feature and second mating features are configured for detachable cngagement such that
the driving shatt and the clongated blade fixture are detachably connected n coaxial alignment,

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

-] -
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spring retention feature and the collar feature, a trocar compression spring stidably fitted around
the clongated blade fixture between proximal end and the spring retention feature, and a spring
housing comprising a holiow body configured to shidably fit around the clongated blade fixture
and attach to the spring housmg cap.

[0008] The present disclosure provides methods of fixing a matched medical plate
having one or more apertures {0 a body, the methods comprising positioning the maiched
medical plate adjacent to the body such that at least one of the one or more apertures 1s orented
towards the body, mserting a first trocar msertion svstem into a first one of the apertures onented
towards the body, wheren the first trocar msertion svstem comprnises a driver handle with a
driving shatt atfixed thereto, a {irst 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 sprng retention feature located on the elongated blade fixture
between the proxamal and distal ends, a collar feature located on the clongated blade fikture
between the spring retention feature and the distal end. a spring housing cap sltdably 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 between proximal
end and the spring reiention feature, a spring housing comprising a hollow body with proximal
and distal ends, wheremn the distal end 1s fixedly attached fo the spring housing cap, wherein the
trocar compression spring and spring retention feature are enclosed within the mitenor volume of
the spring housing, wheremn the trocar compression spring 18 configured to be compressed
between the spring retention feature and a spring catching feature located at the proxamal end of
the spring housing, wheremn at least a portion of the elongated biade fixture 15 shidably disposed
within the spring housing with the central longitudinal axes of the elongated blade fixture and the
spring housing bemg coaxially aligned, and whercin the first mating feature and sccond mating
feature arc detachably engaged such that the driving shatt and the elongated blade fixture are
detachably connected m coaxial ahgnment, the methods further comprising engaging the exterior
of the first trocar msertion svstem spring housing with the first aperture oriented towards the
body, applying a force to the driver handie relative to the matched medical plate to move the
proximal end of the clongated blade fixture through the first aperture ornented towards the body,
fixing the proxamal end of the elongated blade fixture to the body, detaching the drnving shaft
from the clongated blade fixture by disengaging the first mating feature and second mating
featare, and removing the driver handie with the driving shatt atfixed thercto while leaving the

proxumal end of the elongated blade fixture fixed to the body.
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[0009] The present disclosure provides methods of fornung a pilot hole in bone tissue,
the methods comprisimg posittioning a matched medical plate having one or more apertures
adiacent to the bone tissuc such that at least one of the one or more apertures is orented towards
the bone tissue, mserting a tirst frocar msertion systen into a first onc of the apertures onented
towards the body, wherein the first trocar msertion svstem comprnses a dniver handle with a
dnving shatt athxed thereto, a first mating feature on the end of the dnving shatt opposite the
driver handle, an elongated blade fixture baving proxamal 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 fiticd
around the clongated blade fixture between the spring retenfion feature and the collar feature, a
trocar compression spring shidably fitted around the elongated blade fixture between proxaimal
end and the spring retention feature, a spring housing compnising a hollow body with proxamal
and distal ends, whercin the distal end 1s fixedly attached to the spring housing cap, wherem the
trocar compression spring and spring retention feature are enclosed within the mntenior volume of
the spring housing, wheremn the trocar compression spring 1s configured {o 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 tixture 1s slidably disposed
within the spring housing with the central longitudinal axes of the clongated blade hixture and the
spring housing being coaxtally aligned, and wheremn the first mating feature and second mating
feature are detachably engaged such that the driving shaft and the clongated blade fixture are
detachably connected n coaxial alignment, the methods further comprising engaging the exterior
of the trocar mserfion system spring housing with the aperture onented towards the bodv,
applving a torce to the driver handle relative to the matched medical plate to move the proximal
cnd of the elongated blade fixture through the aperture onienied towards the body, forming the
piiot hole m the bone fissue with the proximal end of the clongated biade fixture, and removing
the trocar msertion system from the matched medical plate aperture.

[0010] 'The present disclosure provides methods of forming a priot hole in bone tissue, the
methods including positionmg a matched medical plate having one or more aperturcs having
first guade of the toroidal interface on one side and a second guide of the {oroidal interface on
the oppostte side; aligning  a trocar msertion system having a dnve handle and an elongated
blade. with a spring in a movable spring housing having a toroid forming an extended curved
annular wall surface at ifs proximal end with a torowdal covermg the blade in an unactuate

position; engaging the toroidal mterface with the toreoid at the first guide of the toroidal miertace
-4 -
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of the aperture oriented towards the body; adjusting the cone of operation of the trocar insertion
systemn via 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 holc in
the bone fissue with the proximal end of the clongated blade tixture within the inuts of a control
cone of operation ; and, removing the trocar msertion system from the matched medical plate
aperiure.

[0011] 'The general description and the following detaded description are exemplary
and explanatory only and are not restrictive of the disclosure, as defined m the appended claims.
{Uther aspects of the present disclosure will be apparent to those skilied mm the art i view of the
detailed description of the disclosure as provided herein.

DRAWINGS

[0012] 'tThe summary, as well as the following detailed description, is further
understood when read n conjunction with the appended drawings. For the purpose of
thustrating the disclosure, there are shown in the drawings exemplary implementations of the
disclosure; however, the disclosure 1s not hinuted to the specific methods, compositions, and
devices disclosed. In addition, the drawings are not necessantly drawn fo scale. In the drawmgs:

[0013] 3 1 iHustrates aspects of a trocar msertion device;

[0014] ¥I{ 2 illustraies aspects of a portion of a trocar msertion deviee,

[0015] Fi{s 5 ihustraics an assembly view of aspects of a trocar msertion device;

[0016] Fi{; 4 illustrates an assembly view of aspects of a trocar msertion device;

[0017] FiI{S SA-SC illustrate an assembly view of aspects of catches and latches for a
trocar device,

[0018] FiGS 6A-D illustrate cut~-away views of aspects of a trocar insertion devices:

[0019] FIGH 7TA-8E dlustrate aspects of trocar msertion svstems;

[0020] KI{s 9 :llustraics a trocar msertion system kit and

[0021] Fi{ 18A-168 dlustrate a cut-away view of a portion of a trocar msertion

devices.

FURTHER BHSCLOSURE

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

which torm a part of thus disclosure. It 1s to be understood that thas disclosure 1s not imited to
-5 .
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the specific devices, methods, applications, conditions or parameters described and/or shown
herem, and that the terminology used herein s tor the purpose of describing particular exemplars
by way of example only and 1s not intended to be himiting of the claimed disclosure. Also, as
used in the specification including the appended claims, the singular forms 73, “an,” and “the”
include the plural, and reference to a particular numerical value mcludes 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 1s expressed, another exempiar mchudes from the one
particuiar valuc and/or to the other particular value. Similarly, when values are expressed as
approximations, bv use of the antecedent “about,” it will be understood that the particular vaiue
forms another exemplar. All ranges are inclusive and combinable.

[0023] 1tis o be appreciated that certain features of the disclosure which are, for
clarity, described herein in the context of separate exemplar, may also be provided o
combmation m a simgle exemplary implementation. Conversely, vanous features of the
disclosure that are, for brevity, descrnibed 1n the context of a single exemplary implementation,
may aiso be provided separately or m any subcombnnation. Further, reference to vaiues stated in
ranges mclude each and every value withun that range.

[0024] in one aspect. the present disclosure provides trocar mnsertion systems. As
depicted m Fi{ 1, the trocar imnsertion sysicrn 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 assembhies 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 dniving shaft (206) affixed thereto, a first mating feature on the proximal end (220}
of the driving shaft (206} opposite the driver handle (202), an elongated blade fixture (112)
having a proxumal end (1 14) and a distal end {102). Between the proxamal end {114} and the
distal end (102} 1s an elongated region of shatt {115). A spring retention feature {119) located
on the clongated blade fixture (112} between the proxamal and distal ends (114/102), a collar
feature (116) located on the elongated blade fixture (112} between the spring retention feature
{119} and the proxamal end (102), a spring housing cap (110} slidably fitted around the
ciongated blade fixture {112} between the spring retention feature (11Y) and the collar feature
(116}, a trocar compression spring {108} shidably fitted around the ¢longated blade fixture (112)
between the proxumal end (102) and the spring retention feature (119}, a spring housing (106)
comprising a hollow body with proximal and distal ends 1067/1067 | wherem the distal end 1067
1s fixediy attached to the spring housing cap (110), the trocar compression spring (14038} and

spring retention feature (119) are enclosed within the mtenor volume of the spring housmg
-6 -
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{ 106}, the trocar compression spring (108} 1s contigured to be compressed between the spring
retention feature (119} and a spring catching feature (107) located at the proxumal end of the
spring housing (106}, and at least a portion of the elongated blade fixture (112) 1s shdably
disposed within the spring housing {106} with the central longitudinal axes of the clongated
blade fixture (112} and the sprning housmg (106} being coaxaally aligned. The first mating feature
and second mating feature can be detachably engaged such that the driving shaft {206} and the
clongated blade fixture (112} are detachably connected i coaxial alignment. The spring
retention feature (119) may comprise any feature present on the clongated blade fixture (112)
that 1s capable of retaiming one end of a compression spring m a fixed position as the spring 1s
compressed against the feature. In some mstances the spring retention feature {119) comprises a
retanung ring or chip (120} that 15 positioned within a slot or groove (118} on the clongated biade
fixture (112}, In some mstances, self~-locking retaming nings can be used without a slot or groove
on the shaft of the elongated blade fixture. Driver handle {202} can be a suitable shape to be
gripped tn a human haond. In some mstances, the driver handle can be a welled handle suitable for
medical waste collection during use, as described 1 ULs. Patent Application No. 13/983,335
Driving shatt (206) can be affixed within dniver handle (202} such that rotation of the driver
handle {202) creates rotation of the driver shatt {(206) with no slippage. In some instances, the
distal end (208) of the driving shaft (206) 1s affixed within an aperture (204) of driver handle
(202}

[0025] Spring housing (106} can be formed with any swtable exiernal profile. A
cylindrical cross-section is suitable for some applications, while other polvgonal, star-shaped,
keyed, flanged, or grooved cross-sections may be also suttable m other exemplary
unplementations. The proximal end (114) of the clongated blade fixture (112) can be located at
the center of the cross-section of spring housmng (106} or at other positions as desired, provided
the proxamal end (114} can shde through the end of spring housing {106} during operation.

[0026] 'The trocar assembly (100} and handle assemblv (2040} can be detachably
connected usmg any suitable par 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 nstances, the first mating feature and second mating feature comprise a
pair of helical threads that can detachably engage together, In some mnstances, the first and
second mating features comprise a ball detent mechanism arrangement wherein one of the
driving shatt {206} and elongated blade fixture (112) can be recetved within the other such that a
spring-loaded ball falls partially mto an aperture 1n order to detachably connect the driving shatt

(206) and elongated blade fixture (112). In some mstances, the second mating feature comprises
-7 -
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a protruding part and the first mating feature comprises a depression adapted to receive the
protruding part 1 a snap jomwnt configuration. Trocar assembly {100} can mchude an area suitable
for grasping by a uscr, such as the arca of the clongated blade fixture (112} between trocar
locator pin {124} and spring housing cap (110}, The grasping arca can be configured tor
enhanced grip by methods known in the art including mcorporating coated or textured surtaces,
depressions, grooves, or cut-outs that allow for improved grasping and controlled twisting of the
trocar assembly (100} as 1t 15 cngaged with the handle assembly {(200), provided the features do
not interfere with the shdable engagement of the spring housing cap (110} and spring housing
{ 106} around the clongated blade fixture {112} as trocar compression spring (108) 1s compressed.
[0027] in some exemplars, trocar assembiy {100} and handie assembly {200} can be
detachably connected with spring-loaded configurations. In some cxemplars, 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 longitudimal axas of the hollow tube, a
third aperture (214} through the wall of the hollow tube m a posttion between the location of the
first and second apertures and the proximal end of the hollow tube, and a groove (222} through
the wall of the hollow tube at the proximal end. In the spring-loaded contigurations, the trocar
wsertion systems further comprise a spring stop pin {216) fixed within the first and second
apertures (210/212) and passing through the central longitudmal axis of the hollow tube, a
control pin (218} fixed within the third aperture (214) and partially extending mto the mienor
volome of the hollow tube, and a spring pressure pin (226} comprising a cvhnder configured o
shide within the mtertor of the hollow tube, positioned within the mtenior volume of the hollow
tube with the longitudinal axis of the cvhinder aligned with the hollow tube longitudinal axis. In
the spring-loaded contigurations the spring pressure pin (226} can have a reduced diameter in a
portion of the muddie of the side walls, the reduction 1 diameter can be at least as large as the
portion of the control pin that partially extends into the mternior 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 mto the mienor volume of the holiow tube 18 shidably contamed within the
volume of the reduced diameter portion of the spring pressure pin {226} between the two non-
reduced-diameter cnd regions of the spring pressure pin (226). In these instances, a handie
compression spring (224} can be positioned within the mtenor 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 elongated blade fixture {(112) between the collar feature (116} and the distal end,
the distal end of the clongated bilade fixture can be configured o shdably fit within the mternior of

the proximal end of the hollow tube, a trocar locator pin (124} can be fixed within the fourth
- Q-
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aperture (122} and partially extending outward from the elongated 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 handic
compression spring {(224) can be at least partially compressed by the spring pressure pin (226},
which can be shidably contained between the distal end of the clongated blade fixture {(112) and
the handie compression spring {224}, Aspects of some exemplars of such engagement are
depicted i FlGs 6A-6D.

[0028] In some exemplary impiementations of the trocar inserfion svstems the extenor
of the spring housing (106} can be contigured to engage with an aperture (302} of a matched
medical plate (304} such that the spring housing (106} 1s retamed within the aperture (3(G2) and
the proxamal end of the clongated blade fixture {1 12) passes through the aperture (302) when a
torce 18 applied to the distal end of the clongated blade fixture (112) relative 1o 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 frocar insertion sysiem when the trocar

compression sprmg ( 108} 15 compressed by the force agamst a matched medical plate (300),
having an aperture 302 which s not shown mn Fi{z 6 A, and the proximal end (114} of the
clongated blade fixture (112} 1s exposed. in one aspect, the present disclosure provides a trocar
imserfion systems as depicted m FIG 6D, the trocar mnsertion system comprises a trocar assembly
(101}, which can be detachably connected 1o 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 ifs end 109 a torowd (128) formang an extended curved
arlar wall surtace (129).

[0029] FIGs 7B and 8B depict aspects of mmplementations of a trocar imsertion system
with toroid end to allow the user to posiiion a blade deployment m a cone of operation. FlGs 7B
and 6D depicts a view of an implementation of a trocar mseriion svstem when the trocar
COMPression Spring 1s i an un-actuated staie whereby the spring housing covers the clongated
blade. When actuated via compression by the force against a matched medical plate {350), as s
shown in FiG 8B, and the proximal end {114) ot the clongated blade fixture 1s exposed.

[0030] I 8B further dlustrates aspects of a trocar with spring housing with maiched
medical plate 3530 and tondal interface 400. A matched medical plate refers to a medical plate
that matches the distal end of the spring housing (106} with tapered diameter proxumal end {109).
In this exemplar the toroid (128} portion at the end (1097} forms an extended curved annuiar wall

surface {129). The annular wall surtace mates reversible with the curved gude {(401) whach
-0 .
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provides for movement of the device and the exposed proximal end (1 14) which protrudes
through the matched medical plate (350} thereby allowing for operation, resection and tool usage
at angles other than perpendicular fo the matched medical plate. Those of ordimary skill 1o the art
witl recognize that the torowd (128} may be positioned at a non-tapered distal end if the spring
housing does not include a tapered end and such an arrangement 1s within the scope of this
disclosure.

[0031] FiGs 8C-3E illustrates aspects of a trocar with spring housimg with matched
medical plate 335 and tonidal mtertace 400, In this exemplar the torowd (128} porfion again
covers the end (10Y7) formmg an extended curved annular wall surtace {(129) and 1t mates
reversible with the first guide {402} of the torotdal mierface {400} which provides for movement
of the device and the exposed proxamal end (1 14) in the first gmide (402} which 1s placed away
from a body beng operated on. During operation the clongated shaft (115) of an exposed
proxamal end (114} of the clongated blade fixture {(112) 18 hmuted to movement within the sccond
owide {404). Which faces the body being operated on, of the torowdal mitertace. The maximum
arca ot operation for the exposed proximal end {114} 15 set by a control cone of operation (406)
in the toroidal intertace which 1s detined by the angle theta "07 of the second gude (404). FIG
& iHustrates operation when the position of the shaft (113} is at theta ™87 of about 10 degrees.
FiG 8D iHlustrates operation when the position of the shaft (113} 15 at theta ™87 of about 20
degrees. FIG 8 illustrates operation when the position of the shaft (113} 15 at theta ™87 of about
30 degrees.

[0032] I some exemplary impiementations of the trocar inseriton systems the exterior
ot the spring housing (106} comprises a cvimder with a tapered diameter proxumal end (109}
near the proxamal end of the elongated blade fixture (112). One such exemplar 1s depicted in FIG
0.

[0033] The proxamal end of the clongated blade fixture can be any shape desired by a
uscr. Suitabic shapes can include drnivers, screwdrivers, wrenches, cuticrs, probes, retractors,
resectors, awls, prods, or other shapes usetul for surgical applications. In some mstances of the
trocar inscrtion systems the proximal end of the elongated blade fixture (112} comprises a shape
suttable for anchoring mto body tissue. In some nstances the trocar insertion systems the
proximal end of the elongated blade fhixture (112) comprises a bone awl. In some instances the
frocar msertion systems the proximal end of the clongated blade fixture (112} comprises a shape
suttable tor forming pilot holes m bone. In some nstances the trocar msertion 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 filmg zone.
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[0034] FiGs SA-5C depict groove (222) of the dniving shaft (206) that 1s immcluded n
some mstances of the trocar msertion systems. Durmng detachable engagement, trocar locator pm

-

(124} shides wto groove (2223 and 1s held m place in a resting posttion (223} of the groove by the
force exeried by the handle compression spring {224} when the spring 15 in a compressed state.,
as depicted o FIGs 6A and 6B, Groove (222) can be formed m a vanety of shapes, provided that
the groove (222} allows for msertion of trocar locator pin (124) and provides a resting posiiion
(223}. In some exemplars, 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} 15
dniven mio a working position (225). Working position {223} can be provided n various
positions of the groove (222} and preferably allows for the ¢longated blade fixture (112) to be
rotated with the rotation ot the dniver handle (202) and dniving shaft (206}, In some cxemplars.
the force apphied to the ¢longated blade fixture {112) dunng methods of use will not compress
the handle compression spring {224}, and the elongated blade hixture (112} can be rotated with
the rotation of the driver handle (202) and driving shaft (206} with trocar locator pin {124}
remaining o the resting position {(223).

[0035] The present disclosure also provides Kits comprising one or more trocar
assemblies {100} and one or more handle assemblics (200}, In some exemplary implementations
the kits comprise a dniver handle (202) with a drving shaft (206} athixed thereto, wherein the
dnving shatt (206) comprises a first mating feature on the end of the dniving shatt (206} opposite
the driver handle {202} and one or more trocar assemblies (100}, In some mstances the onc or
more trocar assemblies 100 comprise an clongated biade fixture (112} having proxamal and distal
ends with a second mating feature on the distal end. a spring retention feature (119} located on
the elongated blade hixture (112) between the proxamal and distal ends, a collar feature (116)
located on the clongated blade fixture {112) between the spring retention {eature (119} and the
distal end, a spring housing cap (110} shdably fitted around the elongated blade fixture (112)
between the spring retention feature {119} and the collar feature (116}, a trocar compression
spring {108} shdably fitted arcund the elongated blade fixture (112) between proximal end and
the spring retention feature {(119), a spring housmg {106) comprising a hollow body with
proximal and distal ends, wherein the distal end is fixedly attached to the spring housing cap
(110}, wherem the trocar compression spring (108) and spring retention feature (119} are
enclosed within the interior volume of the spring housing {106), wherem the trocar compression
spring {108} 15 configured o 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

wherem at least a portion of the elongated blade fixture (112} 1s shdably disposed within the
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spring housmg (106} with the central longitudinal axes of the elongated blade fixture (112) and
the spring housing {106} being coaxually abgned, and wherein the first mating feature and second
mating features are configured for detachable engagement such that the driving shatt (206} and
the elongated blade fixture (112) are detachably connected m coaxial alignment. In some
instances, kits can further comprise a tool configured for connecting a trocar assembly to the
drnving shatt (206}, detaching a trocar assembly from the driving shaft {206), or both. Une
exemplar of a kit 18 depicted 1 FiG 9, which can mciude one or more trocar assemblies 100/101,
on¢ or more handle assemblics 200, one or more fixed drivers 400, one or more torgque-linuting
drivers 340, one or more matched medical plates 300/350/335, and one or more plate holding
forceps 600 contamed 1 a stenle-packed mstrument tray 700, In some exemplary
implementations, as many of the components 1n the kits are designed for single-use and are
disposable. In some mstances, the entire kit 1s compatible with medical-grade stenlization
procedures, mcluding but not imited to ethylene oxade (EtQ) and gamma ray sterilization.

[0036] The present disclosure also provides devices comprising an elongated blade
fixture {112} having proxumal 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 housmg cap (110} shidably fitted around the
clongated blade fixture {112) between the spring retention feature (1193 and the collar feature
{116}, a trocar compression spring {103) shdably fitted around the elongated blade tixture (112}
between proxumal end and the spring refention feature (119}, and a spring housing (106)
comprising a hollow body configured to shdably fit around the clongated blade fixture {(112) and
attach to the spring housing cap (110}, In some mstances, the devices mav comprise a sprng
housmg {106} that further comprises proxamal and distal ends, wherem the distal end 1s attached
to the spring housing cap (110}, the trocar compression spring (108} and spring retention feature
(119} arc enclosed within the mtenor volume of the spring housing {106}, the trocar compression
spring {108} 1s contigured to be compressed between the spring retention feature (119) and a
spring catching feature (107} located at the proxumal end of the spring housing {106), and at least
a portion of the clongated blade fixture (112) 15 shidably disposed within the spring housing (106}
with the central longitudmal axes of the clongated blade fixture (112) and the sprmg housing
(106} bemg coaxially aligned. In some mstances the exienor of the spring housing {106} can be
contigured to engage with an aperture (302) of a matched medical plate (300} or the toroidal
intertace (400) in matched medical plates (330/355) such that the spring housing (106} 1s

retamed within the aperture (302) and the proximal end of the elongated blade tixture (112)
217 -
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passes through the aperture (302) when a force 15 applied to the distal end of the c¢longated blade
fixture (1 12) relative to the matched medical plate (350/353). In some mnstances of the devices
the externior of the spning housing (106} comprises a cvhnder with a tapered diameter at its
proximal end {109}, The proximal end of the clongated blade fixture can be any shape desired by
a user. Suitable shapes can mclude dnivers, screwdnvers, wrenches, cutters, probes, retractors,
resectors, awls, prods, or other shapes usetul for surgical applications. In some mstances of the
devices the proxymal end of the clongated blade fixture (112} compnises a shape suitable for
anchoring mio body tissue. in some mstances of the trocar inscrtion systems the proximal end of
the elongated blade tixture (112) comprises a bone awl. In some mstances of the devices the
proximal end of the clongated blade fixture {112} comprises a shape suttable tor forming puot
holes m bone. In some instances of the devices the elongated blade fixture (112} further
comprises a lumen. In some mstances of the devices a portion of the elongated blade fixture shatt
comprises a cutting or filing zong.

[0037] The present disclosure provides methods of using one or more trocar assemblics
{ 100} and onc or more handle assemblics (200} disclosed hercin. In some aspects, the methods of
use mclude methods of fixang matched medical plates (304/350/355) 1o a body. In other aspects,
the methods of use iwnclude methods of forming piiot holes i bone tissue. In some exemplary
implementations the methods of forming pilot holes in bone tissuc can mclude the use of
matched medical plates (300/350/3355), and can be used to torm pilot holes aligned with
aperturcs (302} of the matched medical plates (3040/350/355).

[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 (300/3510/355)adjacent to the body such that at least one of the one or
more apertures {302} 1s onented towards the body, mserting a first trocar msertion system mio a
first one of the apertures (302) oriented towards the body, wherein the first trocar msertion
svstem comprises (1) a driver handie (202) with a driving shatt (206) affixed thereto, (11} a first
mating {cature on the end of the driving shaft (206) opposite the dnver handle (202}, (11) an
clongated blade fixture {112) having proxymal 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 proxamal and distal ends, (v} a collar feature (116} located on the elongated blade
fixture (112} between the spring retention feature (119) and the distal end, {vi} a spring housing
cap (110} shidably fitted around the clongated blade fixture (112} between the spring refention

e

feature (119) and the collar feature (116}, {v1} a trocar compression spring {108} shidably fitied

wf

around the ¢longated blade fixture {(112) between proximal end and the spring retention feature
- 13 -
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(119}, and (vi1) a spring housing (106) compnsing a hollow body with proximal and distal ends,
wherein the distal end 1s fixedly attached 1o the spring housing cap (110}, wherein the trocar
compression spring {108} and spring retention feature {119) are enclosed within the interior
volume of the spring housing (106}, wherem the frocar compression spring {108} 15 configured {o
be compressed between the spring retention feature (119) and a spring catching feature {(107)
located at the proxamal end of the spring housing (106}, wheremn at least a portion of the
clongated blade fixture {112} 15 slidably disposed withm the spring housmg (106) with the
central longitudinal axes of the clongated blade fixture (112} and the spring housing (106} being
coaxiallyv aligned, and wherein the first mating feature and second mating feature are detachably
cengaged such that the driving shatt (206) and the clongated blade fixture (112} are detachably
connected m coaxial alignment, the method further comprising engaging the exterior of the first
trocar msertion system spring housing (106} with the first aperture (302) onented towards the
body, applying a force to the driver handle (202) relative to the matched medical plate
{300/350/355) to move the proxumal end of the elongated blade fixture {112} through the first
aperture {302} oniented towards the body, fixing the proximal end of the clongated blade fixture
(112} to the bodv, detaching the dnving shatt (206} from the clongated blade fixture (112) by
disengaging the first mating feature and second mating feature, and removing the driver handie
(202} with the driving shatt (206) aftixed thercto while leaving the proximal end of the clongated
blade fixture (112} fixed to the body. In some exemplary implementations, the methods turther
comprise positioning the matched medical plate (300) adjacent to the body such that a second
aperture of the one or more apertures {302) 15 ortented towards the body. and the methods further
comprise engaging the first mating featurc on the end of the driving shatt (206} with a third
mating feature of a trocar device to form a second trocar inserfion system, wherem the trocar
device comprises (1) an clongated blade fixture {112) having proxamal and distal ends with a
third mating feature on the distal end, {11} a spring retention teature (119) located on the
clongated blade fixture {112) between the proximal and distal ends, {111} a collar feature (116)
located on the elongated blade fixture (112} between the spring retention feature (119) and the
distal end, (v} a spring housing cap {110) shidably fitted around the elongated blade fixture (112)
between the spring retenfion feature (119) and the collar feature (116), (v) a trocar compression
spring {103} shdably fitted around the elongated blade tixture (112) between proxamal end and
the spring retention feature (119}, and (vi} a spring housing (106} comprising a hollow body
contigured to shidably fit around the clongated blade fixture (112} and attach to the spring
housmg cap (110}, the methods further comprising mserting the sccond trocar inscrtion sysicm

into the second aperture onented towards the body, engaging the extenor of the spring housing
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{106} of the second trocar msertion system with the aperture, applving a force to the drnver
handle {202} relative to the matched medical plate (300} to move the proxamal end of the
clongated blade fixture (112} of the second trocar msertion svstem through the aperture, fixing
the proximal end of the clongated blade tixture (112} of the sccond trocar insertion system 1o the
body, detaching the driving shaft (206) from the trocar device by disengaging the first mating
feature and the thard mating feature, and removing the dniver handle (202) with the driving shait
{206} atfixed thercto while feaving the proximal end of the elongated blade fixture {(112) of the
trocar device fixed to the bodv.

[0039] The present disclosure provides methods of formung a pilot hole in bone tissue,
the methods comprising posifionmyg a matched medical plate (300} having one or morg apertures
(302} adjacent to the bone tissuc such that at lcast one of the one or more apertures {302} 15
ontented towards the bone tissue, mserting a trocar msertion system mnto one of the apertures
{302} onented towards the body, wherem the trocar msertion system compnses (1) a driver
handle (202} with a doving shatt (206} atfixed thereto, (1t} a first mating feature on the end of the
drving shaft (206} opposite the driver handic (202}, (111} an clongated blade tixture (112} having
proximal and distal ends with a second mating feature on the distal end, (v} a spring retention
feature {119} located on the clongated blade fixture {112} between the proxamal and distal ends.
(v} a collar featurc {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}, {vu) a trocar compression spring (108} shidably fitted around the clongated blade fixture
{112} between proximal end and the spring retention feature (119}, and {(viti} 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 {1 10), wherem the trocar compression spring (108) and spring

9

hY

retention feature (119} are enclosed within the mwterior volume of the spring housing (106},
wherein the trocar compression spring {108} 1s contigured to be compressed between the spring
retention feature {(119) and a spring catching feature (107} located at the proxamal end of the
spring housing {106), wherein at least a portion of the clongated blade fixture (112} 1s shidably
disposcd within the spring housing {106} with the central longitudmnal axes of the clongated
blade fixture (112) and the spring housing {106} being coaxually ahgned, and wherein the first
mating feature and sccond mating feature are detachably engaged such that the dnving shatft
{206} and the clongated blade fixture (112} are detachably connected 1n coaxial alignment, the
methods further comprising engaging the exicrior of the trocar insertion system spring bousmng

{106) with the aperture (302) oniented towards the body, applyving a force to the drniver handle
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(202} relative to the matched medical plate (300/350/355) to move the proximal end of the
clongated blade tixture (112} through the aperture (302) onented towards the body, forming the
pilot hole 1n the bone tissue with the proxamal end of the clongated blade fixture (112}, and
removing the trocar msertion svstem from the matched medical plate (300} aperture (302},

[0040] In any of the above exemplary implementations when utilizing a matched
medical plate (350/355) with a torowdal interface {400) the elongated blade fixture (112} can be
utilized along any portion of the control cong of operation {406}, Accordingly. the angle theta
“6" which defines the maximum cong of operation may be presct. In some mstance the kit may
contamn several matched medical plate {(which may be marked to show thewr aspects of cones of
operation) and some mavbe preset at theta ~07 less or greater than others thereby providing the
uscr a choice on who to imit the cone of operation.

[0041] Those of ordinary skill in the art will appreciate that a vanety of matenals can
be used m the manufacturing of the components i the devices and systems disclosed herem.
Any suitable structure and/or material can be used for the vartous features described herein, and
a skilled artisan will be able to sclect an appropnate structures and matenals based on varnous
considerations, inciuding the miended use of the systems disclosed herem, the intended arena
within which they will be used, the sterilization parameters and/or sterilants to which they are
intended to be cxposed, and the cquipment and/or accessories with which thev are intended fo be
used, among other considerations, Conventional polymenc, metal-polymer composiies,
ceramics, and metal materials are switable for use m the vanous components. Examples of
suttable polvmer materials mclude polvetherimide (Ultem®), polyvacryiamide {(Ixef®), and other
medical grade engineered polymenc (plastic) materials, extruded, mjection-molded, or otherwise
tormed mto the desired structures. In some mstances, the number of polvmer components 1S
maximized i order to provide systems most surtable as simgle-use disposables. For uses
requiring stronger systems, particular components such as the clongated blade fixture (112} and
driving shatt (206) can be machmed or ground stainless steel, including 302, 316, 416, 420,
440¢, 455, 465, 17-4, 17-7, and other grades. In some instances the spring housimg (106), trocar
locator pin {124}, spring stop pin (216}, control pin (218}, and spring pressure pin {226} can be
made trom stainless steel, including 302, 316, 416, 420, 440¢, 4535, 463, 17-4, 17-7. and other
grades. Trocar compression spring (108) and handle compression spring (224) can be stamnless
steel or medical grade engineered polymer, provided they are selecied to provide switable spring
rates and cycle life for the desired use. Matched medical plates (300/350/353) can be radiopaque

1n some nstances. Matenals hereinafier discovered and/or developed that arc detemuned {o be
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stittable for use m the features and elements described hercin would also be considered
acceplable.

[0042] When ranges are used herein for physical properties, such as molecular weight,
or chemacal properties, such as chemical formulae, all combnations, and subcombinations of
ranges tor specific exemplar theremn are ntended to be mclude

[0043] The disclosures of each patent, patent application, and publication cited or
described n this document are hereby mcorporated herem by reference, 1n its entirety .

[0044] Those of ordinary skiil in the art will appreciate that numerous 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 spirtt of the disclosure. It is, therefore,
intended that the appended clauns cover all such equivalent vanations as fall withun the true

spirtt and scope of the disclosure.

- 17 -



CA 03044821 2015-05-23

WO 2018/098086 PCT/US2017/062631
What s Clauned:
i, A spnng housing mated (o a trocar assembly comprising:

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

the distal end 1s fixedly attached to a spnng housing cap (110},
a 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) 18 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 icast a portion of an clongated blade fixture (112} 15 slidably disposed within the spring
housing {106) with the central longitudinal axes of the clongated blade fixture (112) and the

spring housmg (106} bemng coaxually aligned.

AN

The spring housing assembly of claim 1 further comprising:

a driver handle (202) with an at lcast partially hollow driving shaft (206) atfixed thercto;
a first mating fcature on an open proximal end (220} of the dniving shatt (206} oppostic
the driver handle (202); and.

wheremn the hollow body fits movably mto the proximal end.

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

the clongated blade fixture (112} has a proximal and distal ¢ends with a second mating
feature on 1ts distal end; and,

the spring retention feature (119} 1s located on the clongated blade fixture {112} between

the proximal and distal ends.

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

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

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

spring retention feature (119) and the collar feature (116},

- 18 -
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3. The spring housing assembly of claim 3 or 4 further comprising a frocar compression
spring {103} shdably fitted around the elongated blade fixture (112) between proxamal end and
the spring retention feature {(119).

5. The spring housing assembly of claim 1 further comprising a toroid {128} at the proxamal

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

7. A method of forming a pilot bole 1n bone tissue, the method comprisimg:

postiioning a matched medical plate (350) having one or more apertures {302) with
curved guides (401) adjacent to the bone tissue such that at least one of the one or more apertures
(302} 1s orented towards the bone tissug;

imserting a trocar msertion system 1nto one of the apertures {(302) onented towards the
body:

a spring housing (106} having a hollow body with a proxamal end and a distal end;

wherem the distal end s fixedly attached to the spring bousing cap {110}, the trocar
compression spring (108} and spring retention teature {119) are enclosed withan the intenior
vohume of the spring housing (106}, the trocar compression spring (108} 1s contigured to be
compressed between the spring retention feature {119} and a spring catching feature (107)
located at the proxamal end of the spring housing (106}, at least a portion of the elongated blade
fixture (112} 15 shidably 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;wherem the first mating feature and second mating feature are detachably engaged such
that the driving shatt (206} and the ¢longated blade fixture (112} are detachably connected i
coaxial alignment;

engaging the proximal end {109) of the spring housmg (106} with the aperture (302)
ortented towards the body;

appiying a force to the driver handle (202) relative to the maiched medical plate (350) to
move the proximal end of the clongated blade fixture {112) through the aperture (302) oriented
towards the body;

formung the pilot hole 1 the bone tissue with the proximal end of the elongated blade
fixture {112); and,
removing the trocar msertion 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

housmg within the open proxamal end (220} of a drniving shaft attached to a driver handle (202).

9. The method of torming a pilot hole of claim 8 wherein the elongated blade fixture (112)
has a proximal and distal ends with a second mating feature on its distal end; and,
the spring refention feature {119) 15 located on the elongated blade fixture (112) between the

proximal and distal ends.

f0.  The method of fornung a pulot hole of claum 9 wherein 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 clongated blade fixture (112) between the

spring retention teature (119} and the collar feature (116},

12, The method of fornung a pilot hole of claim 11 whereimn a trocar compression spring
(108} 15 shidably fitted around the elongated blade fixture (112} between proximal end and the

spring retention feature {119},

13, A method of forming a pilot hole i bone fissue, the method comprising:

positiomng a matched medical plate (355) having one or more apertures (302 having
tirst guides on one side and a second gutde,

mserting a trocar msertion system mio one of the apertures (302} onented towards the
body, wheren the trocar msertion system includes an mtertace (400) which comprises;

a drniver handle (2023 with a drniving shait (206) attixed thereto;

a first mating feature on the end of the dniving shaft {206) opposite the driver handie
(202):

a shaft (113} with an clongated blade fixture (112) at one end having proximal and distal
ends with a second mating feature on the distal end;

a spring retention feature {1 19) 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} shdably fitted around the elongated biade fixture (112}

between the spring retention teature (119) and the collar feature (116},
- 20 -
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a trocar compression spring (108) stidably fitted around the elongated blade fixture (112}
between proxamal end and the spring retention feature (119);
a spring housing (106} comprising a hollow body with a proximal end and distal end, wherein

the distal end 1s fixedly attached to the spring housing cap {1 10),

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

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

the trocar compression spring {108} 1s configured to be compressed between the spring
retention feature {119} and a spring catchung 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 longitudinal axes of the clongated blade fixture {(112) and
the spring housing (106} being coaxaally aligned,

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

engaging the aperature with the trocar mnserfion svstem spring housing (106) with the first
ouide of the aperture (302) ortented towards the body:

applving a force to the drniver handie (2072} relative to the maiched medical plate (353} to
move the proxamal end of the elongated blade fixture (112) and at least a portion of the shaft
{115} through the aperture (302} oriented towards the body;

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

fixture (112},
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