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HELICAL INSERTER
Cross Reference to Related Applications

This application claims the benefit of U.S. Provisional Application No. 61/417,937, filed 30" of
November 2010,

Copyright & Legal Notice

A portion of the disclosure of this patent document contains material which is subject to copyright
protection. The copyright owner has no objection to the facsimile reproduction by anyone of the patent
document or the patent disclosure as it appears in the Patent and Trademark Office patent file or records,
but otherwise reserves all copyright rights whatsoever. Further, no references to third party patents or
articles made herein are to be construed as an admission that the present invention is not entitled to antedate

such material by virtue of prior invention.

Background of the Invention

This invention relates to a device for inserting a flexible member into a living body, more

particularly, for inserting a flexible member through a helically formed hollow needle,

A flexible, electrically conductive member is often used as an electrode for Functional Electrical
Stimulation, Such member may be a regular clectrode, a shape memory alloy or an electroactive polymer.
Needle insertion into soft tissue is probably the most common surgical procedure for either therapeutic drug
deliver or tissuc sample removal from deep within the body. Hollow needles can also be used to implant
clectrodes or other members which fit through the lumen. Such needles are predominantly straight. For
some procedures, needles can be bent in a preferred way, however, there are far fewer implanting
procedures which involve helices. Devices and methods for medical inserting procedures, which make use
of the helix, are known in the prior art. For example, tips of cardiac clectrodes are often formed as a helix
for the purpose of anchoring one end to a muscle of the heart, for example, the myocardium, The helix/coil
al the end of the electrode is used to screw and hold it in place. There are several procedures which rely on

the same basic tissue anchoring mechanism to affix an inserted member to a specific tissue location. There

CA 2819289 2018-03-14



are even endoscopical procedures, such as described in US Patent Application 12/363,137, to Fox, entitled
SURGICAL DEVICE which, during

surgery, only temporarily fixes an overtube to an organ wall using a helical anchoring mechanism.

Stll further, there arc procedures involving helical needles for the delivery for fluids. As an
example, in US Patent No. 7,309,325 to Mulier et al, entitled HELICAL NEEDLE APPARATUS FOR
CREATING A VIRTUAL ELECTRODE USED FOR THE ABLATION OF TISSUE,

a helical needle is used to deliver a conductive fluid to a

target site.

US Patent Application 11/834,186, to Rioux, entitled CORKSCREW HELICAL INSERTER
PORT, describes a method and a device for
inserting a helical member into a septum for injection or extraction of fluid therein. The device may
include & handle having an actuator lever rotatably coupled thereto. The device may also include a helical
member which has a tissue picrcing distal tip. The helical member is coupled to the handle via a linkage
operating so that, as the actuator lever is rotated in a first direction relative to the handle, the helical

member is rotated and moved distally to screw into tissue along a substantially helical path.

In US Patent No. 7,637,918, to Dant, entitled HELICAL SUTURING DEVICE,
a helical hollow needle is used to helically insert a suture, which

is retrieved at one end with a straight retricver along the axis of the helix.

Nevertheless, what is needed is an inserter, which can insert an electrode or a shape memory alloy
into soft tissue through a helical hollow needle along a helical punctured pathway and do so quickly, safely
and precisely, so as to minimize or ¢climinate drift or wander. Furthermore, if the member inserted must
maintain a desired orientation with respect to the tissuc of the punctured pathway, a mechanism is needed
which ensures precise delivery without twisting of the member, as the needle withdraws from the pierced

tissuc.

Still further, what is needed is a method of inserting a flexible member in soft tissue precisely
along a predefined helical path, with a mechanism, which can push said member out of a helical hollow

needle when withdrawing it, with said member maintaining its orientation with respect to the tissue.

Summary of the Invention

CA 2819289 2018-03-14
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A method and apparatus for inserting inserts helically into soft tissue is provided. The inserter is
made up of a housing assembly, a hollow helical needle guide; and a needle insertion drive. In its basic
form, the apparatus includes a housing assembly, a hollow helical insert guide, a helical insert drive and a
guide removal device. The hollow helical insert guide is held in functional relationship by the housing
assembly and is adapted to be loaded with the insert for helical transport therewith into the soft tissue. The
helical insert drive drives the helical insert guide in rotation and translation into the soft tissue. When an
insert is present within the insert guide, the guide removal device removes the insert guide while leaving

the insert in its intended implant location in the soft tissue.

In one embodiment, the helical insert drive includes a matched first and second hypoid gear. The
first hypoid gear wheel is affixed to the proximal side of the helical needle and held in axial position
through the housing assembly for rotational insertion into the soft tissue. The second hypoid gear wheel is
matched to the first hypoid gear wheel and held in axial position through the housing assembly. The
second gear wheel drives an implantable member insertion mechanism. The insertion mechanism is
adapted to insert an implantable member by its being transported into its final position in soft tissue by the
hollow helical needle into the soft tissue as the hollow helical needle is driven in rotation and translation

into the soft tissue.

An object of the invention is to provide a method and apparatus to insert a flexible member

helically into soft tissue in a fast in a precise and safe way.

Another object of the invention is to provide a method and apparatus for inserting an implantable
member helically into soft tissue, thereby better fixing the implantable member through the geometrical
structure of the helical pathway in the soft tissue, when such tissue is deformed. For deformable body
sections, especially muscles, tissue incompressibility is commonly assumed, as the tissue is highly aqueous.
As a muscle contracts, it gets compressed, which means shorter along the axis of the muscles fiber
orientation and wider viewed from a perpendicular plane according to Poisson’s ratio. A helically
implanted flexible member can behave in a same manner, by substituting diameter of the helix for
length/height along its axis, when the muscle contracts and expands. This is why a flexible, but non-elastic
member like a stranded cable electrode may be implanted into these body sections, which undergo a

relatively large change in length between septum access and distal end of the member.

Another object of the invention is to provide an improved method of helical insertion of a flexible
member, which allows planning of a precisc pathway regarding its orientation and position inside the tissue

and ensuring a piercing and insertion exactly along this desired pathway in a safe and reliable manner. It is
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therefore also possible to plan and pierce a pathway through the tissue having a desired orientation of the

punctured pathway at a certain distance. As an example, the helical puncture pathway of the member may

be through two muscles in contact with each other where it is required that the pathway crosses these

muscle layers is in a desired otientation, because of specific deformations and displacements occurring at

the muscle layer boundary.

Another object of the invention is to provide a method of helical inserting with superficial tissue

layers not helically pierced providing means to only helically pierce posterior layers.

FIG. 1A

FIG. 1B

FIG. 1C

FIG. 2A

FIG. 2B

FI1G. 3A

FIG. 3B

F1G. 3C

closed

FIG. 4A

Brief Description of the Drawings

is a perspective view of an exemplary injection assembly according to the present

invention with distal and proximal housing separated.

is a perspective view of an exemplary injection assembly according to the present

invention with proximal housing inside distal housing (fully injected).

is a perspective view of an exemplary injection assembly according to the present

invention with proximal housing inside distal housing (fully injected).
is a front view of an exemplary injection assembly.

is a longitudinal cross sectional view A-A as indicated in FIG. 2A through distal and
proximal housing, mechanism inside excluded from cross section, member push out

mechanism open (deactivated), like during inserting procedure of necdle into tissue.
is a front view of the proximal housing fully injected

is a longitudinal cross scctional view B-B as indicated in FIG. 3A through distal and
proximal housing, mechanism inside excluded from cross section, mechanism closed and

activated like when fully injected before withdrawal of proximal inserter.

is a longitudinal cross sectional view C-C as indicated in FIG. 3B, mechanism

is a bottom view of an exemplary injection assembly, mechanism closed.
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FIG. 4B

FIG. 5A

FIG. 5B

FIG. 5C

FIG. 6A

FIG. 6B

FIG.7

FIG. 8

FIG.9

FIG. 10

is a transverse cross sectional view D-D as indicated in FIG. 3B through the mechanism in

closed position.

is a front view of the needle part.

is a perspective view of needle part.
is a perspective view of needle part

is longitudinal cross sectional view E-E as indicated in FIG. 5A through needle drive

crown wheel.

is a longitudinal cross sectional view E-E of an alternative solution for needle drive wheel,
longitudinal cross section through needle drive crown wheel with helical needle bent

toward center inside wheel.

is a perspective view of proximal housing with longitudinal cross section through the
proximal housing in section 27 inner profile, in which only rack 13 of distal housing 10 is

shown and the mechanism is in closed position.

is a perspective view of the drive mechanism in closed position with rack 13, not showing

the housing 10.

is a perspective view of an exemplary alternative wedge triggering mechanism with front

shaft 67 and rod 55 semi-transparent, without driven wheel.

is a perspective view of a wedge triggering mechanism with only one shaft part (68)

shown.

FIG. 11A and 11B are perspective semi-transparent views showing all parts.

FIG. 12A

FIG.12B

FIG.13a

FIG. 13b

is a front view of the mechanism in a deactivated state.
is a front view of the mechanism in an activated state.

is a front, oblique, partially disassembled view of an alternate, screw thread version of the

invention.

is a front, oblique, assembled view of an alternate, screw thread version of the invention.
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14

15a

15b

16a

16b

17a

17b

18

19

20a

20b

20c

21a

21b

is a perspective view of the alternate embodiment of the invention.
is a perspective view of the distal housing of the alternate embodiment of the invention.

is a perspective view of the distal housing of the alternate embodiment of the invention,

with the housing tilted backward to expose a portion of the inner thread.

is a cross sectional, perspective view F-F, as indicated in FIG. 15A, of the distal housing of

the alternate embodiment o the invention.

is a cross sectional, perspective view G-G, as indicated in FIG. 15 B, of an alternate distal

housing of the alternate embodiment of the invention.

is a cross sectional view F-F, as indicated in FIG. 15A, of the distal housing of the

alternate embodiment o the invention.

is a cross sectional view G-G, as indicated in FIG. 15 B, of an alternate distal housing of

the alternate embodiment of the invention.

shows two cross sectional, perspective views of opposing sections of the proximal housing

of the alternate embodiment of the invention.

shows two cross sectional views of the opposing sections of the proximal housing of the

alternate embodiment of the invention.

is a side view of the needle and gear assembly used in the alternate embodiment of the

invention.

is an oblique, side view of the needle and gear assembly used in the alternate embodiment

of the invention.

is an oblique side view of the needle and gear assembly used in the alternate embodiment

of the invention, tilted forward.

is a cross sectional H-H, as indicated in FIG. 20A, partial side view of the needle and gear

assembly which may be used in the alternate embodiment of the invention.

is a cross sectional H-H, partial side view of the needle and gear assembly of a preferred

embodiment used in the alternate embodiment of the invention.
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FIG. 22

FIG. 23

FIG. 24a

FIG. 24b

FIG. 25a

FIG. 25b

FIG. 26a

FIG. 26b

FIG.27a

FIG.27b

is a perspective view of a part into which the helical needle mounts in the alternate

embodiment of the invention.

is a perspective partially assembled view of the needle and gear assembly used in the

alternate embodiment of the invention.

is a cross sectional, side view of the needle and gear assembly used in the alternate
embodiment of the invention, showing an open position of the inserter mechanism of the

invention.

is a cross sectional, side view of the needle and gear assembly used in the alternate
embodiment of the invention, showing a closed position of the inserter mechanism of the

invention.

is a close up, oblique, cross sectional view of the needle and gear assembly used in the
alternate embodiment of the invention showing a open position of the triggering

mechanism of the invention.

is a close up, oblique, cross sectional view of the needle and gear assembly used in the
alternate embodiment of the invention showing a closed position of the triggering

mechanism of the invention.

is a close up, oblique, partially assembled view of the needle and gear assembly used in the
alternate embodiment of the invention showing an open position of the triggering

mechanism of the invention.

is a close up, oblique, partially assembled view of the needle and gear assembly used in the
alternatc embodiment of the invention showing a closed position of the triggering

mechanism of the invention.

is a close up, partially assembled view of the needle and gear assembly used in the alternate
embodiment of the invention showing an open position of the triggering mechanism of the

invention.

is a close up, partially assembled view of the needle and gear assembly used in the alternate
embodiment of the invention showing a closed position of the triggering mechanism of the

invention.



CA (2819289 2013-05-29

WO 2012/073097 PCT/IB2011/002878

FIG. 28a

FIG. 28b

FIG. 29a

FIG. 29

FIG. 30

FIG. 31

FIG. 32A

FIG. 32B

FIG. 32C

FIG. 33A

FIG. 33B

FI1G. 33C

is a close up, bottom, partially assembled view of the needle and gear assembly used in the
alternate embodiment of the invention showing a closed position of the triggering

mechanism of the invention.

is a close up, bottom, partially assembled view of the needle and gear assembly used in the
alternate embodiment of the invention showing an open position of the triggering

mechanism of the invention.

is a close up, oblique, cross sectional view of the needle and gear assembly used in the
alternate embodiment of the invention showing the open position of the triggering

mechanism of the invention.

is a close up, oblique, cross sectional view of the ncedle and gear assembly used in the
alternate embodiment of the invention showing the closed position of the triggering

mechanism of the invention.

is a close up, top, partially assembled view of the gear assembly used in the alternate
embodiment of the invention showing a closed position of the triggering mechanism of the

invention.

is an alternate, partially assembled transverse cross sectional view D-D as indicated in FIG.

3B through the mechanism showing an other embodiement.

is a perspective view of an exemplary injection assembly according to the present

invention with distal and proximal housing separated.

is a perspective view of an exemplary injection assembly according to the present

invention with proximal housing inside distal housing (fully injected).

is a perspective view of an exemplary injection assembly according to the present

invention with proximal housing inside distal housing (fully injected).
is a front view of an exemplary injection assembly.
is a side view of an exemplary injection assembly.

is a longitudinal cross sectional view I-I as indicated in FIG. 33B through distal and
proximal housing, mechanism inside excluded from cross section, member push out

mechanism open (deactivated), like during inserting procedure of needle into tissue.
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34A-34Dare a cross sectional views as indicated in FIG. 33B with the inserter at different positions
with the corresponding transverse cross sectional view J-J as indicated in FIG. 33A

through the mechanism in different positions.

35Aand B are close up transverse sectional views of FIG. 34 A and C

36 is a perspective view of a guide tube fixation.

37A is a front view of an exemplary guide tube.

37B is a perspective semi-transparent view of an exemplary guide tube

38is a front view semi-transparent of an exemplary guide tube and needle part

3I%A is a perspective view of the alternate guide tube fixation in separated state.

39B is a perspective view and a top view of the alternate guide tube fixation in open state.

39C is a perspective view and a top view of the alternate guide tube fixation in closed state

40 is a front view semitransparent of the needle part 730 showing the implantable member
inside from tip of needle to the proximal needle orifice, and a cross section as indicated.

41A is a schematic cross section of the activation mechanism with an integrated locking
mechanism in a locked position.

41B is a schematic cross section of the activation mechanism with an integrated locking
mechanism in the unlocked position.

42 is a schematic diagram illustrating screw thread helix of distal inserter and corresponding
pitch angle compared to helix of hollow need and corresponding pitch angle.

43 is a specification table for typical needles of the prior art.

44 is an exemplary drawings showing use of the inserter in a submental approach for the
treatment of obstructive sleep apnea.

45 is a schematic view of the fixator for fixing the patient and inserter of the invention.

Those skilled in the art will appreciate that elements in the Figures are illustrated for simplicity and
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clarity and have not necessarily been drawn to scale. For example, the dimensions of some of the elements
in the Figures may be exaggerated relative to other elements to help improve understanding of various
embodiments of the present invention. Furthermore, the terms “first", “second", and the like herein, if any,
are used inter alia for distinguishing between similar elements and not necessarily for describing a
sequential or chronological order. Moreover, the terms “front’, “back’, “top’, “bottom™, “over’, “under’,
“proximal’, “distal” and the like in the Description and/or in the claims, if any, are generally employed for
descriptive purposes and not necessarily for comprehensively describing exclusive relative position. Skilled
artisans will therefore understand that any of the preceding terms so used may be interchanged under
appropriate circumstances such that various embodiments of the invention described herein, for example,
are capable of operation in other configurations and/or orientations than those explicitly illustrated or

otherwise described.

Detailed Description of the Preferred Embodiment

The following descriptions are of exemplary embodiments of the invention and the inventors'
conception of the best mode and are not intended to limit the scope, applicability or configuration of the
invention in any way. Rather, the following description is intended to provide convenient illustrations for
implementing various embodiments of the invention. As will become apparent, changes may be made in
the function and/or arrangement of any of the elements described in the disclosed exemplary embodiments
without departing from the spirit and scope of the invention.

A method and apparatus for inserting inserts helically into soft tissue, as well as an insert guide
which optionally contains an insert, is provided. In its basic form, the apparatus includes a housing
assembly, a hollow helical insert guide, a helical insert drive and a guide removal device. The hollow
helical insert guide is held in functional relationship by the housing assembly and is adapted to be loaded
with the insert for helical transport therewith into the soft tissue. The helical insert drive drives the helical
insert guide in rotation and translation into the soft tissue. When an insert is present within the insert guide,
the guide removal device removes the insert guide while leaving the insert in its intended implant location

in the soft tissue.

The hollow helical insert guide 31, 210 is held in functional relationship by the housing assembly
wherein the guide is loaded with the insert 500 for helical transport therewith into the soft tissue. The
helical insert guide drive is made up of components 13, 33, 43, 44, 49, 50; 100, 110, 220, 230; 250, 420,
470, ;709, 734, 738, 739, 740, 781, depending on the embodiment. The guide drive drives the helical

insert guide in rotation into the soft tissuc. The guide removal device is made up of several components 13,

10
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28, 33, 41, 43, 44, 45, 49, 50, 51, 52, 53, 54, 55; 250, 420, 430, 470; 709, 781, 782, depending on the
embodiment, which, when the insert 500 is present within the insert guide 31, 210, removes the insert

guide while leaving the insert in its intended implant location in the soft tissue.

In an exemplary embodiment, the inserter 1 is made up of a housing assembly, a hollow helical
needle; and a matched first and second hypoid gear. The first hypoid gear wheel is affixed to the proximal
side of the helical needle and held in axial position through the housing assembly for rotational insertion
into the soft tissue. The second hypoid gear wheel is matched to the first hypoid gear wheel and held in
axial position through the housing assembly. The second gear wheel drives an implantable member
insertion mechanism. The insertion mechanism is adapted to insert an implantable member through the
hollow helical needle into the soft tissue after the hollow helical needle has been rotationally driven into the

soft tissue.

As can be appreciated even by those of extraordinary skill in the art, inserting a member helically
through a helical hollow needle is more difficult than doing the same with a straight needle in at least three
ways, thus presenting the need to develop solutions beyond the skill of those of ordinary skill in the art.

These three aspects are described below.

First, in order to gain an advantage of the invention, each puncture pathway made by a helical
needle is oblique in relation to an outer surface of the septum. These diagonal puncture pathways wrap
around the injection/withdrawal axis enhancing the ability of the implanted member to deform and elongate
equally with the tissue. The path the needle cuts through tissue can be influenced, because both a rotational
and a simultaneous linear motion of the needle are required. Through altering the ratio of these two
motions, the deformable tissue is either expanded or contracted when “screwing” the needle in the soft
tissue. This has direct influence for resulting path and endpoint inside the tissue. Therefore, it is not just the
form of the helical hollow needle which influences the resulting path; the forces applied during insertion of
the needle do as well. That’s a crucial point, in order to ensure that the inserted member fits in its insertion
position in length and orientation. Controlled insertion enables the planning of a desired path through

tissue and guarantees predictable results.

Second, the needle must be forced to rotate about the axis to screw into tissue along a substantially
helical path. During the inserting procedure, the member will be hanging out of the proximal aperture of
the needle and then be rotated along the middle axis of the helix as the needle turns. Therefore the member
cannot be affixed to a part which doesn’t turn outside the proximal aperture of the helical needle as it

would twist the member.

11
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Third, once the desired location inside the tissue is reached and the orientation of the member
inside the needle in relation to the tissue is correct, the member must now be pushed out as the needle is
withdrawn. This is easier to do with a straight needle, because of lower friction forces (as compared to
turning along a curvature) and no member deformation forces at the section of the needle, where the
member moves from the center of the axis to the helical section. The needle will turn as it is withdrawn, but
the member should only experience a linear push out force. In contrast with a straight needle, the length of
the needle (=length helix) and the distance access/end point (height of helix) are different. A gearbox
adjusts for that difference as it transforms the pull back movement into linear push out force, as the inserter

is withdrawn.

Therefore, the insertion device provides three functions:

1. Rotation: for translating a linear motion into a circular motion, so that the hollow helical needle
screws in and out along its helical path.

2. No Twisting: for free rotation of the implantable member outside the proximal aperture of the
needle, during insertion of the needle.

3. Linear push out: for transforming the pull-back motion when withdrawing the needle into a linear
push out force for the member inside the hollow needle. The difference in length of the helix and linear

pull back distance (=height of helix) is matched through a gearbox with precise gear ratio.
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Before inserting: Planning of Surgery and needle (helix) determination:

Referring to FIGs. 42 to 44, as opposed to a straight needle, where only length and diameter of the
needle (needle gauge) have to be chosen, inserting a helical needle needs further determination: the helix
needs to be specified, and this influences the surgery as well as the result. Collection of fundamental patient

data and planning of surgery is therefore required. The following steps should therefore be performed:

1. Gather Data:  CT or MRI of body section, if necessary with tissue in a deformed state
2. Estimate/Calculate (iterative):
- Point of access, end point, effects overall height of helix needle
- Desired path
- Check for obstacles (veins, arteries, nerves) effects desired path for
surgery
- Elongation and deformation extremes estimate effects arc length, pitch,

No. turns effects desired path regarding deformation of member

3. Determine needle to be used: arc length, pitch, no. of turns

Needle specifications: Range of values for the treatment of obstructive sleep apnea with submental

inserting:

Height of helix: 50mm-100mm typical: 75mm

Arc length: 1.5mm-15mm typical: 3-4mm

Turns: 3-7 typical: 4-5

Pitch (resulting: height/turns) 7mm-33mm typical: 15mm

Needle gauge: 14-21 typical: 16-17 (with increased wall thickness for load)

Hypodermic needles are available in a wide variety of outer diameters described by gauge numbers.

Smaller gauge numbers indicate larger outer diameters. Inner diameter depends on both gauge and wall
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thickness. There is another gauge system: The French scale or French gauge system (most cotrectly
abbreviated as Fr, but also often abbreviated as FR or F) is commonly used to measure the size (diameter)
of a catheter. 1 Fr = 0.33 mm, and therefore the diameter of the catheter in millimeters can be determined
by dividing the French size by 3: D (mm) = Fi/3 or Fr = D (mm) x 3. An increasing French size
corresponds to a larger-diameter catheter. This is contrary to needle-gauge size, where the diameter is

1/gauge, and where the larger the gauge the narrower the bore of the needle.

Referring to FIG. 45, exemplary drawings show use of the inserter in a submental approach for the

treatment of obstructive sleep apnea.
For use of the invention in the treatment of Sleep Apnea, the following steps are performed:

1. Place head in fixed position using a tixator 800 (See FIG. 45) controlled and stable position)

2. Collect data of tongue in rest position and other deformation extremes (CT better than MRI [time]),
create 3D model

Determine needle size

Put inserter in position or mount on rack (precise access through tissue in 3 dimensions)

Confirm desired position of tongue and head with scan before inserting (CT or Ultrasound)

AN LI S

Apply mechanism; may be verified/controlled with ultrasound during surgical procedure, but no
CT (due to possible radiation of surgeon)

7. Confirm position with scan (CT or Ultrasound)

14
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Utilization of drive inserter

As shown in FIG. 1A-1C, an embodiment for a flexible member helical drive inserter includes a
distal housing 10 with a rack inside, a left-handed helical hollow needle 31 and the proximal actuator
housing 20 with a mechanism inside, driven by the main drive pinion 43. The implantable member 42 is

already inside the hollow needle part, just below the tip of the needle 37.

The distal inserter housing 10 is either held with one hand or optionally mounted on a rack, for
securely attaching the assembly in a desired location on or near the body to provide a stable base on which
to rest. Once the distal housing 10 is orientated with regard to the tissue access point and all three axes, the
proximal actuator housing 20 is pushed inside the distal 10, as indicated by the arrow in FIG. 1A. This
rotates the needle 31 and pierces and threads it inside the tissue along a substantially helical path. When the
proximal housing 20 has been pushed fully inside the distal housing 10, the inserting mechanism activator
rod 55 is automatically pressed down by the edge of the distal housing 10, as indicated by the small arrow
in FIG.1B; due to the adapted position of rod 55 and aperture 26. This activates the flexible member push
out mechanism inside the proximal actuator 20. Now, while the proximal actuator housing 20 is pulled out
of the distal housing 10, the inserting mechanism activator rod 55 must remain in a pulled position
(mechanism active) and the implantable part 42 is automatically pushed out of the helical hollow needle 31;
as it retracts from the pierced tissue. The forefinger keeps the trigger 41 in that position and it is of help
withdrawing the proximal actuator 20. Once the actuator 20 reaches the end of the distal housing 10, the tip
37 of helical needle 31 is already outside the tissue. The inserting mechanism activator trigger 41 is now
pushed towards the distal housing 10 (initial position) to disengage the push out mechanism. Now, the
distal housing 10 may be slightly pulled back to open up a gap between skin/tissue and the boss 15 of the
inserter. Then the implantable member 42 may be grabbed by fingers or a clamp between the needle orifice
port 14 and skin/tissue, to cautiously pull the remainder of the member 42 through the disengaged
inserter/needle 20, 31 and out. This finishes the helical inserting procedure for a flexible member 42 into

soft tissue.
Distal housing 10
The functions of the distal housing 10 are as follows:

1. Hold the inserter in position regarding tissue access point and path of the needle 31.

2. Provide stability during the inserting procedure.
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3. Drive the whole mechanism inside the proximal housing 20 (turning of needle and push out of

member) by acting as counterforce.

Referring again to FIG. 1A, 1B, 1C, the distal housing 10 is a hollow cylinder, closed on top (distal);
open at the bottom (proximal). The top of the inserter, which is in contact with skin, may include a boss or
bulge 15 for better skin contact and tension at the septum access point of the needle. On top of the boss 15
is the needle orifice port 14, with a minimal diameter equal to the diameter of the whole helical needle 31.
It maybe of slightly conical shape to guarantee that the needle tip 37 always enters the port 14 and no
damage to the tip takes place when assembling the distal housing 10 with the proximal housing 20. Note
that in order to improve retention and control of the needle 31 at the distal end, an insert guide having a
helical port formed therein (not shown but similar to the guide 740 except that it is free to rotate in the
orifice port 14), may be rotatably inserted into the port 14. The outer hull of the distal inserter 10 may have
a textured, structured or grooved surface to provide good grip for the handhold 12. Anchor arms or some

sort of rack could optionally be used, if the inserter should be sccurely attached at or near the body.

Referring to FIGs. 1A, 2A, 2B, 3A, and 3B and cross-section FIG.4B, the inner profile 17 of the distal
housing 10 could have many different forms; it must only ensure that the proximal actuator 20 can glide
in/out, so that the rack 13 inside the distal inserter 10 is in good contact with the main drive pinion 43. In
an exemplary assembly, the inner profile 17 of the distal housing 10 is of rectangle shape, as well as the
outer distal profile 27 of the proximal actuator 20. The inner profile of the distal housing 17 has two cut-in
sliding guides 11 for the proximal actuator 20, which has corresponding sliding bars 21 on a distal side 27.
The rectangle shape of distal housing and distal side 17 and 27, respectively, are only of the same length on
the sliding guide side. The sliding guides restrict movement with respect to the other axis. On one side,
there is extra space required for the pinion 43 and on the other side there may be hinge pins 47/48, which

require extra space as well (as can be seen in the transversal cross-section of FIG. 4B).

A solution without sliding guides would require the inner profile of the distal housing 17 and the
distal profile of the proximal inserter 27 to be almost congruent, which requires that no hinge pins be cut in

rack (not shown in drawings).
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An exemplary cross- sectional view for profile without sliding guides and hinge pins is found on

page 18 of the priority application.

At the bottom (proximal) end of the distal housing 10, an optional stop block prevents the proximal
actuator 20 from coming out of the distal inserter housing 10, c.g. at the end of the rack (not shown in the

drawings).

The helical hollow needle part/helical insert guide 30
The functions of the helical hollow needle part 30 are as follows:

1. Pierce tissue helically
2. Make helical needle rotatable and drivable
3. If the member is not already in the needle when the necdle is driven into soft tissue, provide an

aperture for pushing the member into and through ncedle.

Bevel tip design influences forces and deformations on the pierced tissue and this influences the
resulting path. There alrcady exists fundamental scientific knowledge regarding that matter and how to
simulate the behavior. As shown in FIG. 5A and 3B, the sharp tissue picrcing distal tip 37 includes an
aperture which opens a lumen extending through the needle to the proximal needle aperture 39. The inner
diameter is constant and determined by the diameter of the flexible implantable member 42, The left-
handed helix of the needle is determined using the process already explained. Regarding the needle tip 37,
there are numerous different tip designs available, in advanced medical applications predominantly laser
cut, such as shown on page 19 of the priority application. The bevel tip 37

is preferably oriented to the inside of the helix as indicated in FIG. 5A to 5C.

Typically, the helical part of the ncedle is about 75mm in height (length), arc length 3mm, turns 5.
This part of the needle must be outside the needle orifice port 14 of the distal housing 10 and will be fully
injected into the tissue, As a result, the needle must be longer by the distance inside the inserter beginning
from the orifice 14. A needle drive crown or hypoid gear 33 is affixed to the proximal side of the helical
needle 31, with a gearing 34 at the bottom (proximal) to make the needle part 30 rotatable and drivable. At
the proximal side of drive wheel 33, the needle needs to be a straight concentric tube 36, with an aperture

39, in which the member 42 will be pushed inte to get it through the ncedle either before of after the
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insertion, or as a subsequent step to insertion of the needle 31. Fixing a wheel to the needle is a necessary

step, because the needle itself is too small in diameter to directly cut in gearings into the tube section 36.

Referring now to FIGs. 5A to C, and FIG 6A to 6B, proximal to the tissue penetrating helical
needle section 31, the helix must change its path 32 to be concentric to the wheel 33 and from there on it is
essentially a straight tube 36 along the axis of the helix. It should gradually deform from helix to straight
with a steady path, so that the member inside glides and deforms smoothly. The question is: is the wheel
affixed before or after it is bent towards the center as can be seen in cross section FIG. 6A and 6B. If the
wheel 33 is made of metal, a hole needs to be drilled in the center, then the wheel 33 must be pulled over
the tube section 36 and (for example, laser) welded to it (FIG. § & 6A, cross section E-E). If the wheel 33
is made of hard plastic, helix-to-straight section 32 could be inside the wheel 33 which would help fix the

needle to the wheel (F1G. 6B).

A helical needle 31 is relatively simple to produce: a regular straight hollow needle made of e.g. a
conventional 304 SS is helically bent cold worked and then heat treated . However, today, there are high
performance alloys like e.g. “JAVELIN” (available from Creganna Inc, of Cambell, California) used in
medical applications, which offer excellent shape set resilience, greater material hardness, higher column
strength and superior resistance to damage. The result is a smaller diameter of needle due to decreased wall
thickness. The desired needle gauge is about 16, nominal outer diameter 1.651mm (about 5 French scale).
Thin-wall needles have identical outer diameters but larger inner diameters for a given gauge, thus a gauge
17 (1.473mm, about 4 French scale) would suffice. Since forces applied to the helical needle differ
significantly from those applied to straight needles, the wall-thickness must be increased. The wall
thickness could even be gradually increased from tip 37 to the force exerting wheel 33 (not shown in
drawings). This may be fabricated through a progressive extrusion process or by locally grinding the
exterior of a tube blank before being formed into a helix. As the needle pierces the tissue, friction forces
between needle and tissue may deform the tissue slightly, which would influence and potentially cause the
needle to deviate from its intended helical pathway. That needs to be accounted for, if necessary, through
the transmission ratio (to expand or contract tissue). If it is desired to minimize friction force of the needle
31 penetrating the tissue, the outer hull of the needle could be coated with a fluoropolymer, which would
result in extremely low friction forces; for example spray-coating a thin layer of ETFE after the heat

treatment of the helically bent needle.

The wheel 33 serves as crown wheel with right hand hypoid gearing 34 to drive/rotate the needle,
which is driven by the left hand hypoid gear pinion 49. The distal side of the wheel 33 is a smooth surface,

which is used as one side of a sliding contact together with the proximal actuator top 23, which has a hole
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for the needle. (FIG. 5C) At the proximal side of the wheel 33, the gearings 34 require extra distance to the
needle bushing beam 24, which serves as bushing for the proximal tube section 36 of the needle to run
through. It is achieved through an elevated sliding contact 35. Top sliding contact 23 (for FIG. 6A with or
for FIG. 6B without bushing) and needle bushing beam 24 provide a confined space for the needle drive

wheel 33. Friction forces are low by virtue of an adequate combination of materials.
Proximal actuator housing 20
The functions of the proximal actuator housing 20 are to act as a:

1. Casing/housing for the helical needle and the mechanism which drives it
2. Casing for the flexible member injection mechanism
3. Actuator for the whole helical inserter: pushing the needle into the tissuc and rotating it to screw in

along a substantially helical path and activating/driving the member injection mechanism

The proximal actuator 20 has two different sections: the distal profile 27 and the cylindrical shaped
proximal handhold 22; which may have a structured, grooved or otherwise textured surface for good grip.
The bottom (proximal) end of the inserter 29 is open, such that the implantable member 42 can hang out
and rotate freely during helical tissue penetration of the needle 31 (to avoid twisting) and move through the
whole inserter, when pushing it out (member 42 not on spool). Inside the distal section 27 is the inserting

mechanism 40.

19



The drive inserter variant:

Referring again to FIG. 2B, the rack 13 drives the pinion 43, which is outside the distal profile 27
of the proximal actuator 20. Referring to FIG. 3A-3C, the pinion 43 is affixed to the shaft 50 running
through the whole distal profile 27; on the pinion’s opposing outer surface limited by a hinge pin or
retaining device 47. The shaft 50 drives the whole needle part 30 as well as the member injection wheels
44/45, which push the implantable part 42 into the needle aperture 39 and subscquently out of it. The shaft
50 drives the needle drive crown wheel 33 through another pinion 49. The direction of the drive carried by
the shaft 50 has to be transferred through 90 degrees to drive the needle crown wheel 33, But the drive
wheel 44 on shaft 50 pushes the member 42 inside the aperture 39, which is also the center of the crown
wheel 33 that needs to be driven by the samce shaft. This makes a bevel gear design impossible; the drive
wheel 44 on shaft 50 would intersect the member 42, The member injection drive wheel 44 nceds to be
dislocated, which also dislocates the whole shaft 50, puts it off-axis and resulls in a hypoid gear 34 to drive
the needle part 30. A bevel gear solution is undesirable, because at least one extra gear is required, as well
as an axis which does not intersect with the member 42 or aperture 39. A schematic representation of this

arrangement is found on page 22 of the priority application,

It is known that hypoid gears are best for the applications requiring large speed reductions with
non-intersecting shafts and those applications requiring smooth and quict opcration, such as a medical
procedure. The left hand hypoid gear pinion 49 drives the right hand hypoid gearing 34 of the needle drive
crown wheel 33. With that, the whole ncedle part 30 rotates and pierces the tissuc along a helical path as
the proximal actuator 20 is pushed in or pulled out of the distal inserter 10. Depending on required forces
of transmission, the crown wheel and the hypoid gear may cven be wheels without gear tecth. The member
injection drive wheel 44 together with the driven wheel 45 push the implantable member 42, which is
already inside the needle just below the tip 37, into the proximal hollow needle aperture 39, through the
whole needle 31 and out at the distal needle tip side 37 when withdrawing the inserter. With only one shaft
50, the gearbox drive transmission must precisely match for two separale gear ratios simultancously, in the

following manner:

1. The rotation of the helical hollow needle must be matched Lo the linear push-in/pull out distance

such that the pierced tissue isn’t expanded or contractled, and
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2. The gear transmission for the flexible member injector wheels 44/45 must adjust for difference
in the length of helical needle and linear pull back distance of the proximal actuator 20 to push the member

42 out as the needle retracts.

For driving the needle: the gear ratios of rack 13/main drive pinion 43 and hypoid gear pinion 49

/crown wheel of the needle 34 must be adjusted. — what is needed is 1 rotation of needle per pitch of

distance.

For the pushing out of the implantable member: the gear ratio of rack 13/main drive pinion 43 and

the circumference of the drive wheel 44 must be adjusted.

This is an optimization problem: the helix specifications are given and both functions/mechanisms

are interdependent through the shaft 50 (this will be considered mathematically later).

The difference between these two mechanisms is that the needle drive is always on, but the
member push out is only needed while withdrawing the inserted needle. Furthermore, the same mechanism
must ensure that the implantable member 50 cannot be twisted during the needle injecting procedure;

consequently, the implantable member 42 should freely rotate inside the proximal actuator 20.

Push out mechanism & activation

The simplest solution is to open up the space between the wheels 44/45 which push the member
out. Because the drive wheel 44 is fixed to the shaft 50, the driven wheel 45 is moved. There are several
appropriate mechanisms that accomplish this: move the driven wheel 45 away from the drive wheel 44,
such that contact area of the wheel groove 46 between the wheels opens up for the member 42 and it is no
longer pulled/pushed or twisted by movements of the proximal actuator 20. The drive wheel 44 will still
turn, but with no effect to the member. Because the member 42 is flexible, the wheels need to be as close as
possible to the aperture 39, that the member cannot kink when pushing it in. These wheels will be deep
inside the proximal housing 20; which itself is inside the distal housing 10, by the time the mechanism
needs to be activated (like in FIG. 3). The distal housing 10 however should not have a cut-open section on
one side to push the driven wheel 45 in with a button-like mechanism; this would negatively impact

usability because the hands holding the two inserter parts 10/20 would have to move over each other.

It is preferred to have a trigger, which can be pulled over a short distance (<1cm) to activate the

push out mechanism. An assembly of rods make the activator trigger 41 easy accessible with one finger on
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the outside of the proximal actuator 20. Such a mechanism should guarantee that the trigger doesn’t
intersect the distal housing 10, as well as that the trigger can be used to better hold and pull the proximal

actuator 20 out of the distal housing 10 (pull back/ member push out move).

The driven wheel 45 can freely turn on a fork like axle 53, the driven wheel fork, which rotates
about a fulcrum pin 54. It doesn’t necessarily need to be a fork because a lever on one side could achieve
the same result; but for equal force distribution, a fork is, for the moment, considered superior. The
fulcrum pin 54 runs through the whole distal profile 27 of the proximal actuator 20, limited by hinge pins
48 outside the distal profile 27 (see FIG. 4B). In an alternative embodiment, the fulcrum pin 54 does not
run through driven wheel fork §3, but rather, it runs through just one part with pins 54 on each side (not
shown in drawings). Turning the fork 53 about the fulcrum pin 54 opens or closes the contact between
driven wheel 45 and drive wheel 44. Both wheels in contact push the implantable member 42 into the
proximal needle aperture 39. If the driven wheel 45 on fork 53 should open to the upside, the wheel groove
46 of the driven wheel 45 must pass the aperture 39 as the fork 53 rotates. Opening to the upside is
preferred, because as the mechanism closes and the gearings of the wheel come into contact, it immediately
creates a small pushing force on the member. The driven wheel 45 turns, when it closes, with the drive
wheel 44 remaining stationary. This could be of use, for example if the distal part of the member 42 has an
anchoring mechanism. The member would be pushed out for the small amount, such that the anchoring
arms are already inside the tissue before the withdrawal process starts. This guarantees a more exact
orientation of the tip of the member 42. During insertion of the ncedle, the fork is upward and wheels open,
which opens a gap for the implantable member 42, in which it can rotate (FIG. 2B and 2C). Pulling the
activator trigger 41 turns the fork 53 to a horizontal position (FIG. 3B and 3C, 4A and 4B, 7, 8) and the
wheels are closed, in contact and the member push out activated. In an exemplary assembly, the rotation of
the driven wheel fork 53 is distally limited by the needle bushing beam 24 and by a stop block 28 (see FIG.
3C, 4A) proximal. The stop block 28 limits the movement of the fork 53 to a stable horizontal position, as
long as the rod/trigger §5/41 remains pulled. This is the reason why the rod 51 manipulating the driven
wheel fork 53 is on the inner side of the fork (FIG. 4A and 4B, 7, 8). The stop block 28 is only on one side
inside the proximal actuator 20, because the opposing side is needed for the hypoid pinion 49 (see FIG.

3C).

Referring now to FIGs. 7 and 8, the driven wheel fork 53 is manipulated through a piston engine
like rod system, which translates the rotation of the fork 53 into a linear motion (fork 53 would be the

equivalent of crankshaft). Accordingly, two more rods are needed in order that: the connecting rod fork 51
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and the activator rod 55 (equivalent of piston); which are again connected through a fulcrum pin 52 limited
by hinge pins on each side 48. The activator rod 55 slides inside the proximal housing 20 in a sliding guide
25. (FIGs. 1B, 2A, 2B, 3A-3C). The length of the rod and the position of the activator aperture 26 are
designed such that, once the proximal housing 20 is fully inside the distal housing 10, the edge of the distal
housing 10 pushes the rod 55 down automatically and activates the mechanism. The rod 85 must remain in
that position for the entire withdrawal of the proximal housing 20 out of the distal housing 10, until the
needle is at least about 1cm outside the tissue. In an exemplary assembly, the forefinger keeps the trigger
41 in that position and helps in withdrawing the proximal actuator 20 as well. Alternatively, a latch

mechanism could achieve the same result (not shown in the drawings).

Referring to FIGs. 9-12, an alternative wedge triggering mechanism 60 operates upon being pulled
as well. In this embodiment, a sliding wedge 61 of the rod 55 pushes the corresponding wedge 62 of a
sliding axle part 63 forward inside a spring 65 biased shaft 68 and 69 of the proximal actuator housing 20.
The angle of the wedge determines forces vs. distance as indicated in FIG. 12A and 12B. The index finger
can casily pull/push the trigger 41 over a distance of 10mm. Because the driven wheel 45 needs to be
dislocated only by a short distance (2-5mm), the wedge angle can be smaller than 45° (in the drawings it is
20°). Pulling the rod 55 pushes the sliding bar 64 of the axel part 63 along a sliding guide 67 of the shaft
on the left 68 and right 69. The driven wheel 45 on the axle 66 is therefore not rotated about the fulcrum,
the linear pulling force of the rod 55 is transformed into a linear pushing motion for the axle part 63, which
makes it possible for the groove of the wheel 46 to be even closer to the proximal needle aperture 39.
Without a latch for the rod 585, letting go of the trigger 41 with the index finger will disengage the
mechanism. As the surfaces of the wedge 61 and 62 are made so as to be of low friction, the spring 65
inside each shaft 68 and 69 will push the sliding axle part 63 towards the rod 55, moving it to an initial

position.

Insertion Wheels

For the insertion wheels 44/45, three things have to be considered: (1). a groove changes the
diameter of the wheel, in which the member 42 is in contact, resulting in change of circumference; (2). the
member should not be bruised, which is determined by force distribution (groove and/or materials); (3).
The outer hull of the member 42 is most probably a fluoropolymer, essentially all varieties of which have

extremely low frictional properties which effects the grip between member/wheels.
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Referring again to FIGs. 7 and 8, in an exemplary assembly, both wheels 44 and 45 are grooved
and of the same diameter as lateral gearings, which is the preferred solution. Whether a groove having a
changing wheel diameter influences the correct distance of the member to be pushed out, is a question of
relative sizes between the diameter of the wheels and the diameter of the member they push. If the wheels
are, for example, only Smm in diameter, and the diameter of the member is 1Imm, a half groove would
decrease the diameter by 0.5mm, which equals a decrease of 10% and leads to a reduction of circumference
of 1.6mm (15.7-14.1) per turn which needs to be considered in order that the mechanism guarantees that
for each unit of distance the needle retracts, the member will be pushed out by the same distance. The

problem can be avoided by increasing the diameter of the wheels 44/45,

The groove 46 allows for cqual force distribution over a larger contact area between wheels and
flexible member 42, as well as maintaining the member 42 inside a confined space for free rotation when
the fork 53 is open by creating a tiny gap between the grooves during the inserting procedure. The gearing
is cut in a manner so as to adjust for decreased diameter of the groove as well as to transmit forces between

the wheels without slipping.

However, there exist other possibilities to achieve the same result. The groove 46 may have a tiny
band of rubber disposed about it to further avoid bruising of the member 42 as well as decrease the
possibility for slippage. More aggressive gearings or knurlings can thus be avoided except where the
wheels are made of hard material with low friction values (metal, hard plastic) that do not create enough
friction to generate the required force transmission. In fact, the wheels do not needs grooves where the
wheels are made of a soft material (rubber or the like), so that the wheels may be placed in contact to the
member and/or against each other to generate friction. If the drive wheel is half-grooved and made of hard
material, then the driven wheel could be un-grooved and without gearing, provided it is made of a soft
material. The driven wheel turns just by pressing the implantable member into the groove of the drive
wheel 44. These are only general design constraints, since the actual design of the groove and materials of
the wheels largely depend upon the specific characteristics of the member 42 regarding required force and

force distribution for pushing.
Rotation directions of gears

Rotation directions seen as in perspective view FIG. 7 of an exemplary assembly; CW — clock wise; CCW

— counter clock wise

Whether the helix of the needle is right handed or left handed determines rotation directions and

gear design. The helix orientation given, there are two setups that achieve this result: to rotate the needle in
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the required direction and to push out the member when withdrawing the actuator. Position/side of rack 13

vs. pinion 43 determines the shaft 50 direction and with that the position for the hypoid pinion 49.

Left-handed helix needle: to screw in, the needle part 30 must rotate CCW. The position of rack 13

(left) and pinion 43 (right) makes the shaft 50 turn CCW when pushing inside. As a result, the hypoid gear
pinion 49 must be on the main drive pinion 43 side of the shaft 50 for making the needle part 30 turn
CCW. When withdrawing the inserter, the shaft 50 will turn CW and serve as an axle for the drive wheel

44 to push the member into the needle aperture 39.

Alternatively, the contact side of rack 13 and pinion 43 may be switched, with the shaft 50 turning
CW when pushing in, the hypoid pinion 49 switched to other side of pinion 43; and switching the side

(right of shaft ) of the driven wheel 45, but this is considered geometrically undesireable.

Right-handed helix needle: vice versaGear matching: Calculating the adequate gear transmission:

Because the wheels push out the member, the bigger the diameter means greater contact area, and
80 no bruising of the member. However, the contact area depends on the fragility of the member. As the
wheels are to insert a highly complex, filigree and fragile member, the diameter of the wheels 44/45 is

chosen to be 10mm in this example; the other values are already determined by the needle.

D = Diameter of helix = arc length x 2

P = Pitch

N = Number of turns of helix

W = Diameter of member injection wheels

H= Height of helix
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Find:

Ly = Total length of helix

A = Diameter main drive pinion 45

8Thypoia = Gear ratio hypoid drive

F = Diameter of hypoid pinion 49

G = Diameter of needle drive crown wheel 33/34

Total length of helix:

The circumference of a circle of diameter Dis: € == x D

Now if we stretch this circumference, it will form the base of a triangle whose other leg is equal to

the pitch of the helix. Hence the length of the wire that makes one helix turn is the hypotenuse of the

triangle which is:

The total length of the helix therefore is:

Ly=NXxL,

Diameter A of main drive pinion 45:

The wheels need to push out the length of the helix over the pull back distance

Total lenght of helix Lo Ly

circumference drive wheel W xX=x

No.turns required drive pinion T, =

Height of helix H H
=1

No.turns required drive pinion Te; o5

T.eq is the no. turns the pinion needs to make over the pull back distance

Circumference drive pinion AXw =
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Filling in and solving for diameter of the pinion A:

H
A= e—— /n
Nx{(mxD)?+p?
. WXn

Gear transmission ratio for the hypoid drive grypois:

circumference drive wheel X No.Helix turns W xax N Wxx=
GPhypoid = Total lenght of helix Ly T LexN T VTT P
WXn
grhypoid =

Hix D)2+ P2

The above yields the ratio that the hypoid drive must provide. Once one diameter of one wheel is chosen, it

can be solved for the other.

Materials, Sizes

By choosing the diameters of the gears well, hard plastics may be used. The needle is preferably
medical grade metal. Even the bearings may be made of solid plastic so as to exhibit dry-running

lubrication-free behavior.
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General design constraint for screw thread inserter

Referring now to FIG. 13a to 17b, an alternate embodiment uses a screw thread 110 to drive the
inserter and includes a distal housing 100 with a female left hand screw thread 110 inside, a left-handed
helical hollow needle 210 affixed to a screw thread drive wheel 220, which is freely rotatable coupled to
the proximal actuator housing 300. As the actuator 300 is pushed into the distal housing 100, male pins or
cam follows 230 (best shown in FIG. 27a and 27b), engage the threads, which in combination with the
female thread 110, force the wheel 220 to screw inside the distal housing 100, which forces the helical
hollow needle 210 to pierce the tissue along a helical path. Screw thread orientation and pitch of distal
housing and helical hollow needle must be equal so that the pierced tissue isn’t expanded or contracted. A
suitable relationship between helix needle arc length, height, turns and the inner diameter of the screw
thread housing 100 must be determined to ensure proper operation. Referring in particular to FIG. 42, a
layout compares the screw thread helix of distal inserter and corresponding pitch angle with the helix of
hollow needle and corresponding pitch angle. The path A represents the screw thread helix of the distal
inserter and corresponding pitch angle, wherein the helix specs are the same, but the arc length is doubled
to 6mm, resulting in a pitch angle of 31 degrees. The path B represents the helix of the hollow needle and
corresponding pitch angle, where the arc length is 3mm, the height 76mm, the number of turns is 4, which
results in a pitch angle of about 48 degrees The inserter only works if the pitch angle (helix angle) of the
screw thread inside the distal inserter is large enough. The smaller the angle, the more of a wedge effect it
creates. The largest possible angle (theoretically) is restricted by the diameter of helical needle which must
fit through the distal inserter (indicated by dashed lines). Since the screw thread is on the inner side of the
distal housing, this diameter must be larger than the one from the hollow needle. Larger diameter mecans
smaller pitch angle. Therefore the helix of the hollow needle influences the size (diameter) of the entire
inserter. As mentioned, the pitch angle of an exemplary needle is only about 48°, with a diameter of 6mm.
As a result, the entire member push out mechanism must fit inside it. In order to generate more space, the
diameter of the distal inserter could be increased, which increases the diameter of the helix screw thread as
well. However, at a certain diameter, the pitch angle of the screw thread drops below 30° and the wedge
effect starts to set in. In the example, if the inner diameter of the distal housing is 12mm, the resulting pitch
angle is already about 31°. Therefore, there is give and take with this embodiment. This embodiment uses
components with very low friction forces between the inner surface of the distal housing 100 with screw

thread 110 and the wheel 220 of the needle with its pins 230 gliding along.

In more detail, in this embodiment, the distal housing 100 is either held with one hand or mounted

on a rack using the fixation arms 160. Once the distal housing 100 is orientated regarding tissue access
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point and axis, the proximal actuator housing 300 is pushed inside as indicated by the arrow in FIG. 13a.
This screws the needle 210 helically inside the tissue. When the actuator 300 is fully inside the distal
housing 100, the push-button 360 is pressed, which activates the drive mechanism inside 300 through a
control rod 350. Now the actuator 300 is pulled out of the distal housing 100 and the implantable part 500
is automatically pushed out of the needle 210. Once the actuator reaches the end of the distal housing 100
and the needle 210 is outside, the push-button 360 is pulled back or released into its initial position in order
to disengage the drive mechanism. Now the implantable member 500 can be held by hand or some sort of
clamp at the distal needle tip side 215 to cautiously pull the remainder of the implantable part 500 through

the inserter and out of the needle 210. This completes the process of inserting the member.

The outer surface of the screw thread drive wheel 220 and inner surface of the distal housing 100
should be nearly form fitting (i.e., exhibit very little play) and the cylindrical wheel 220 should be of
sufficient height, that the two parts cannot jam or seize. As indicated in FIGs. 24, 25, 29, the proximal
actuator housing 300 is of lesser diameter than the screw thread drive wheel 220. However, it could be of

same diameter as the screw thread drive wheel 220, except that would increase friction forces.

The male screw threads or cam followers, indicated as pins 230, are not limited to only one or two;
optionally multiple threads could be used. For the thread form of the female thread 110 and pins 230, there
are numerous different profiles in use today. Small play of the screw thread drive wheel 220 and distal
housing 100, height of cylindrical screw thread wheel 220 and the threadform 110 and 210 can be selected
to guarantee that the needle part 200 screws into the distal housing 100 with low friction forces and no
possibility to cant and jam. The needle 210 with the drive wheel 220 must be freely rotatably coupled to the
proximal actuator housing 300. Referring now to FIGs. 18 and 19, the axle bushing 340 through the center
of actuator 300 provides a bearing surface for the hollow driving shaft 240. The inside and outside of the
housing 300 together with wheel 220 and 250 restrict movement in the perpendicular plane. Again, friction

forces should be low by choosing adequate materials.

In the drive inserter of FIGs. 1A-8, the rack 13 and pinion 43 must drive the ncedle 30 and the
push out mechanism through a shared shaft 50. In contrast with the drive inserter solution, the screw thread
drives the needle directly--only force transmission for the push out mechanism is needed. The mechanism
needs to fulfill the same function: it must be disengaged while inserting the needle with the member being
free to rotate, and engaged when withdrawing the needle until it is outside the tissue, to disengage it again

and pull the remainder of the member through the needle.
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Referring now to FIGs. 24A-30, a drive and a driven wheel again needs to push the flexible
member or insert 500 inside the proximal aperture 245 of the needle. The rotating force of the mechanism
drive wheel 250 needs to be translated to a push out force for the member. The direction of the drive
carried by the hollow shaft 240 has to be transferred through 90 degrees to drive an axel 480 with a drive
wheel 420 affixed on it. Again, the aperture 245 lies in the center of the axis and so a bevel gear solution is
not feasible without more parts. Therefore, the axle 480 needs to be offset again, which results in a hypoid
gear design, as can be seen in FIGs. 27a and 27b. Because of the small forces required to push out the
member, the hypoid gear can be a straight cut gear 470. Hypoid gears can be made with straight-cut gears,
if applied forces are low, as in this application. In the drive inserter solution, the forces applied on the
gearing are higher because it must produce the force for the needle to rotate and pierce the tissue. Here, the
hypoid gearing produces the force needed to push the member into the aperture of the needle, which is
substantially lower. In contrast with the drive inserter, this approach disconnects the member push out
mechanism completely, which means that the drive wheel 420 is not turned during the needle inserting
procedure, If only the driven wheel 430 should be disconnected, the two mechanisms described in FIGs. 1-
12 work as well. A bridge element 400 turning about a fulcrum pin 410 inside the groove 310 of the
housing 300 serves as a second class lever and dislocates the straight cut hypoid gear 470 from the drive
gears 255 of the mechanism drive wheel 250. By pressing the push-button 360, the control rod 350 inside a
sliding guide 320 forces the bridge to rotate about the fulcrum 410/310 inside the housing. The hypoid gear
470 is connected through driving shaft 480 with the drive wheel 420 inside the bridge. The driven wheel
430 is mounted on a first class lever, turning about a fulcrum pin 460 connected to the bridge 400. One side
of the control lever 440 serves as fixation arm for the axle 465 of the driven wheel 460. The other side of
the control lever 450 is spring loaded 490/495. With the lever in parallel position to the bridge, the driven
wheel 430 is in contact with the drive wheel 420, which is referred as the closed position or mechanism
engaged. In initial (disengaged) position, the spring pulls the control lever 450 towards the spring fixation
325, which in turn pulls the bridge 400 with it. Pushing the button 360 activates the drive mechanism, as
indicated in FIG. 24.

Referring now to FIG. 18, 19, 29, the control rod 350 pushes the bridge 400 towards the positive
stop block for the bridge 330 and the hypoid drive is in contact with the drive gears 255, By pressing the
bridge upwardly, the control lever on the wheel side 440 moves towards its positive stop block 335 as well.
This pushes down the lever 440, such that the drive and driven wheel are in contact and the mechanism
engaged. Pulling the button 360 will disengage the spring loaded mechanism. Regarding the drive and
driven wheel design, the same constraints as with the drive inserter solution apply. The drawings for the

screw thread inserter show a solution without gearings. Now referring to FIG. 41A and B, in another
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embodiment 1’”’°, a needle locking mechanism in combination with the mechanism of the rod 350 and the
bridge 400 already described, allows for screwing, rather than pushing, of the proximal inserter housing
into the distal housing by means of locking the mechanism drive wheel 250 with an arm of an prolonged
rod 350. When screwing the proximal housing in, the locking arm 351 blocks the needle through the
groove 260 in wheel 250. Once screwed in, activating the mechanism of the bridge through 352 also
unlocks the wheel 250. The proximal inserter housing must of course have a corresponding groove for the
now longer rod 350. Pulling the proximal housing out of the distal works now as previously explained. To
activate, the button 360 is first pushed in one direction for the arm 354 to move inside the proximal housing
by means of bending. Once the arm 354 clears the housing, the button can be pushed inside as already
described, further integrating a groove 355 to lock the arm 354 to hold the rod and therewith the bridge in

active state.

Referring now to FIGs. 16a, 17a, 22 and 23 which deal with the stability of needle: The needle
could be provided with further stabilization before exiting the inserter and then entering the soft tissue.
Stability can be provided by several means. Two exemplary possibilities include a conical aperture and a

special, needle stabilizing aperture.

Referring now to FIGs. 16b to 17b, item 130, if not 5a, aperture 130 through distal housing 100
may be slightly conical, with diameter of helix of the needle (the outer diameter) so that the needle always
fits inside the comical aperture 130 at the proximal side, as distal and proximal handles 100, 300,
respectively, are assembled. The distal aperture side is of equal diameter to the necdle 210. This stabilizes

the needle.

Alternatively, a needle stability aperture stabilizes the needle. A disk holder 140 is provided inside
distal housing 100 for the stability aperture disc 150, which has an aperture 155 for the needle 210 to run
through. This is similar to US Patent 11/834,186, to Rioux, mentioned in the background, except that there
is no guide aperture because it doesn’t “guide” the needle in terms of rotation forces, pitch, no. turns.
Rather, it rotates freely and therefore it can only add to the stability of the needle before being pushed into

the tissue in the transversal plane as indicated with the arrow in FIG. 23.

Referring now to FIGs. 32-38, an alternate embodiment uses a helical guide tube 740 to make the
needle 730 turn and move along its helical pathway and a push out mechanism for the member 500 without
a rack and pinion or a drive mechanism as already explained, rather using only wheels with a rubber
surface. Unlike the inserter embodiments already explained, here the mechanism for the needle and the
push in mechanism are separated from each other with no direct force transmission between these two. As

shown in FIG. 40, it should be noted, as already explained with the other inserter types, that the
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implantable flexible member 500 may already be inside the needle 731 just before the tip 732 before the
beginning of the inserting procedure, and so passes all the way through the hollow needle and out of the
proximal needle aperture 733. The member is flexible having an inner 501 structure and a low friction
outer hull 500, for example a fluoropolymer which are corrosion resistant and biocompatible, in contact
with the inner wall of the needle 731. The outer hull of the member 500 and the inner wall of the needle
731 is separated by a small gap 502, which could be filled before insertion with an antiseptic fluid or

lubricant.

This type of inserter is of particular benefit if only a soft tissue structure posterior to another
structure of the body should be pierced helically, leaving the structures superficially intact. Referring now
to FIGs. 36, 37A and 37B, the guide tube 740 can be separated from the distal inserter housing 710 for
ease of handling and placing at the site that should be pierced helically without having to move the rest of
the inserter with it. A small incision is necessary to access the site, and the helical guide tube 740 held
between thumb and fingers is cautiously slipped in until the distal guide orifice 745 reaches the desired
location from which helical piercing should begin, for example, between or under muscles. The distal
orifice 745 is of rounded shape having no edges which might damage the tissue. Only placing the orifice
745 of a helical tube on site where the helical piercing should start can guarantee that superficial structures
are unharmed by the helical needle 730 and superficial tissue layers unstreched. The helical guide tube 744
should have the same pitch and diameter of the helix as the needle 731 which is pushed through it (or
withdrawn from it) and which is helically driven by it. The diameter of the tube 744 is slightly larger than
the diameter of the needle 731 such that it slidingly fits through. Preferably the helical guide tube 744 and
the helical needle 731 are made of medical grade metal which could cold worked and formed using a CNC-
controlled coiling and bending machine for the production of torsion springs or tension springs, for
example like the FMU series from producer Wafios of Germany. The helical tube 744 is affixed to an over
tube 741, for example by means of laser spot welding, to create a simple form for docking the helical guide
tube 740 to the distal housing 710. Furthermore the tube 741 might be cone shaped on the proximal end
" 742 1o fit easily into the needle guide port 715 of the distal housing 710. With the guide tube 740 held by
fingers in its position and the distal orifice 745 being inside the body at the desired location, the distal
housing 710 is moved towards the guide tube 740 to first dock with and then lock both. For the fixation of
the guide tube 740 to the housing 710, arms 743 are mounted to the tube 741. The arms 743 are wedge
shaped to fit easily into the corresponding groove of the distal housing 710 when docking the guide
aperture 740 through the needle guide port 715 to the distal housing 710.
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A suitable locking mechanism is provided for locking the helical guide tube 740 to the distal
housing 710. Referring now to FIGs. 32, 33, 36 and 37, the helical guide tube 740 is locked to the distal
housing 710 by means of a fork like pin fastening mechanism 770 that can pressed into holes 717 of the
distal inserter 710, preferably in a manner to snap in place. The holes 717 pass through the docking port
715 and into holes 747 in the arms 743 of the guide tube. The arms 743 have corresponding holes 747
along the axis of the inserter holes 717. With the guide tube 740 docked to the port 718, pushing the fork
pin 770 into place locks the guide tube 740 to the housing 710.

Referring now to FIG 39A, in an alternate embodiment, the helical guide tube 740 is locked to the
distal housing 710 by means of a bayonet fastening mechanism 760. The distal housing provides a bayonet
slot 716 for the bayonet pins 762 of the bayonet 760. Referring now to FIG. 39 B and 39C, turning the
bayonet 760 changes the position of the arm clearance slot 761. FIG. 39B shows open state, the arms 743
of the guide tube 740 can now be docked into the port 715. FIG. 39C shows closed position: turning the
bayonet 760, as indicated with the arrow, locks the guide tube 740 to the distal housing 710 as the arm
clearance slot 761 is now blocking the arms 743.

Now referring to FIGs. 32A to 32C and 33A to 33C, with the helical tube 740 locked to the distal
housing 710, the trajectory of the inserter must be assured as already explained. Next, the proximal actuator
housing 720 can be inserted into the distal housing 710 using the corresponding sliding guide 711 and 721.

The needle part 730 must have a sliding contact bearing with the proximal housing 720. For that,
two discs 738 and 739 (see FIG. 38) with a hole in center are affixed to the tube section 736 of the already
formed needle. The sliding contact disc 738 serves only as a bearing surface together with the
corresponding profile inside the proximal inserter 720. The second disc 739 serves to distribute forces:
once affixed to the needle, it is used as a base for the tube 734. The tube 734 is affixed to the helix section
737 inside the tube as well as to the disc 739 to better distribute the linear force exerted by the pushing in
of the proximal inserter 720. In this manner, a simple supporting structure can be created for the
structurally weak section 736, 735 to the helix section 737, which allows keeping the wall thickness of the
needle to a minimum.

Now pushing the proximal housing 720 inside the distal 710, as the tip of the needle 732 reaches to
proximal guide orifice 746, the needle part 730, which is freely rotatably coupled to the proximal actuator
housing 720, must be put inside the proximal orifice 746 by putting thumb and index finger through the
window 713 of the distal housing 710, holding the needle 731 just below the tip 732 and placing it into the
cone shaped proximal orifice 746. For this reason, the proximal tube orifice must be outside of the tube
741, and the tube itself must be long enough to fit through the whole profile of the distal inserter housing

710 at the needle guide port 715. From now on, while pushing the proximal housing 720 into the distal
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housing 710, the helical guide tube 740 forces the needle 730 to rotate along its corresponding helical
pathway, as can be seen in the transparent view of FIG. 38. As the needle tip 732 reaches the distal orifice
745, the helical piercing of the soft tissue begins along the central axis of the distal housing 710. Once the
proximal housing 720 is fully inside the distal housing 710, the needle 731 is also fully inside the tissue
along its helically pierced pathway. In this embodiment, the trigger 750 acts as a positive stop block, but, of
course, other solutions are possible, and may, for example, include a stop block inside the distal housing
710. A stop block avoids contact between the tube 734 of the needle 730 and the proximal orifice 746 of
the guide tube 740, as it might otherwise bend or damage these parts.

Now referring to FIGs. 34A to 34D, which is a cross section I-I as shown in FIG. 33B and the
corresponding transverse cross section J-J as in FIG. 33A, showing the proximal inserter inside the distal
housing 710 at four different states. FIG. 35 A and B are transverse cross sections J-J, side by side layout
showing the trigger 770 in two extreme positions of FIG. 34A and FIG. 34C.

FIG. 34A shows the proximal inserter fully inside the distal housing 710, the trigger 770 acting as
a stop block. The wings 752 of the trigger are outside the distal housing 710 and the member push out
wheels 782 not in contact, leaving a gap open.

FIG. 34B shows the proximal inserter fully within the distal housing 710, the trigger 770 being
pushed inside through the activation trigger aperture 718 for the wings 752. The member push out wheels
782 are now in contact with the member 500 disposed between them. The drive wheel 781, in contact with
the back wall 709 of the distal inserter, can now drive the whole mechanism.

FIG. 34C shows the proximal inserter 720 half way outside the distal housing 719, the needle tip
732 being already inside the guide tube orifice 745, showing the member 500 as it would be inside the
tissue. The wings 752 are confined in its groove inside the proximal inserter 720 by the inner wall of the
distal inserter 710 keeping the wheels 782 closed and the mechanism active.

FIG. 34D shows the proximal inserter 720 just before leaving the distal housing 710. The trigger
770 can now be pulled out, disengaging the mechanism and leaving a gap for the member 500. The tip of
the needle 732 is already outside the proximal needle orifice 732 and the member 500 can be grabbed by
fingers through the window 713. The length of the member 500 on the proximal sid of the inserting wheels
must at least the length inside the needle; otherwise the member cannot be fully inserted. The inside
diameter of the guide tube 744 is substantially larger than the inside diameter of the needle 733, allowing

the member 500 to be pulled easily through the guide tube 740.

In an advantage of the invention, the invention provides a method and apparatus for inserting an
implantable member helically into soft tissue, thereby better fixing the implantable member through the

structure of the helical pathway in the soft tissue when such tissue is deformed.
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In another advantage of the invention, an improved electrode is provided for insertion into
deformable body sections, especially muscle tissue which undergo a change in length between septum

access and distal location of the member,

Other characteristics and modcs of execution of the invention are described in the appended claims,

Further, the invention should be considered as comprising all possible combinations of cvery
feature described in the instant specification, appended claims, and/or drawing figures which may be

considered new, inventive and industrially applicable.

Copyright may be owned by the Applicani(s) or their assignee and, with respect to express
Licensces to third parties of the rights defined in one or more claims herein, no implied license is granted
herein to usc the invention as defined in the remaining claims. Further, vis-a-vis the public or third partics,
no express or implied license is granted to prepare derivative works bascd on this patent specification,

inclusive of the appendix hereto and any computer program comprised thercin,

Multiple variations and modifications are possible in the embodiments of the invention described
here. Although certain illustrative embodiments of the invention have been shown and described here, a
wide range of modifications, changes, and substitutions is contemplated in the foregoing disclosure. While
the above description contains many specifics, these should not be construed as limitations on the scope of
the invention, but rather as exemplilications of one or another preferred embodiment thereof. In some
instances, some features of the present invention may be employed without a corresponding usc of the other
features. Accordingly, it is appropriate that the {oregoing description be construed broadly and undersicod
as being given by way of illustration and example only, the spirit and scope of the invention being limited

only by the claims which ultimately issue in this application.

[
wm

CA 2819289 2018-03-14



WO 2012/073097

APPENDIX—Element list

Helical Needle Drive Inserter 1, reference lists:

10
11
12
13
14
15
17

20
21
22
23

24

25
26
27
28
29

30
31
32

33
34
35
36
37
39

40
41
42
43
44

45

46

47
48

Distal inserter housing
Sliding guide

Distal handhold

Rack

Needle orifice port

Skin tension boss

Inner profile of
corresponding 27

distal inserter,

Proximal actuator housing

Sliding guide bars

Proximal handhold

Proximal actuator top, top sliding contact
bearing for needle drive wheel

Needle bushing beam, bottom bushing
for needle tube section 36

Sliding guide for activator rod

Aperture for activator rod

Distal profilc of proximal inserter

Stop block for 53

Aperture for member 42

Needle part

Helical hollow needle, right-handed
Helical hollow needle centrically
bending section

Needle drive crown wheel

Hypoid gearing

Elevated sliding contact

Hollow needle tube section

Needle tip, distal hollow needle aperture
Proximal needle aperture

Inserter mechanism

Inserting mechanism activator trigger
Implantable member

Main drive pinion

Member injection drive wheel, geared
laterally

Member injection driven wheel, geared
laterally

Half-round wheel groove, 2 x groove
width = diameter member 42

Shaft hinge pin

Hinge pin
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49 Hypoid gear pinion
50 Shaft

51 Connecting rod fork
52 Fulcrum pin for 51
53 Driven wheel fork
54 Fulcrum pin for 53
55 Activator rod

Alternate  Wedge
Reference List

60 Wedge triggering mechanism
61 activator rod wedge

62 corresponding wedge sliding axle
63 sliding axle part

64 slide bar

65 spring

66 axle

67 sliding guide

68 shaft part (left)

69 shaft part (right); semi transparent
70 spring counter force

Triggering Mechanism—

Helical Needle Screw Thread
reference lists:

Inserter 1°,

100  Distal inserter housing

110  Female screw thread, right-handed

120 Iniet aperture for male screw thread pins
130 Conical aperture

140 Stability aperture disc holder

150 Freely rotatable stability aperture disc
155  Stability aperture

160 Fixation arms

200 Needle part

210  Helical hollow needle, right-handed
210A Helical hollow needle with proximal end

bent centrically
210B Helical hollow needle with proximal end

unchanged

215  Needle tip, distal hollow needle aperture
220 screw thread drive wheel

225A  Straight tube through wheel

225B Helical tube through wheel

230  Male screw thread pins

240  Hollow driving shaft
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245 Proximal needle aperture

250  Mechanism drive wheel

255  Drive gears

260  Mechanism drive wheel locking groove
300  Proximal actuator handle

310  Bridge fulcrum pin groove

320  Sliding guide for control rod

325  Spring fixation

330  Positive stop block for bridge 400

335  Positive stop block for control lever 440
340  Bushing for driving shaft 240

350  Control rod

351  Locking arm

352 Activator arm for bridge 400

354 Retainer

355  Locking groove

360  Push-button

400 Bridge mechnism(second class lever)
410 Bridge fulcrum pin

420 Half-Round groove member injection
drive wheel

430 Half-Round groove member injection

driven wheel
435 Force transmission c¢dge between
420/230; optionally geared surface, gear ratio 1:1

440 Control lever, driven wheel side (first
class lever)

450  Control lever, spring load side (first class
lever)

460 Fulerum of control lever

465 Member injection driven wheel axle

470  Straight cut hypoid gear

480  Bridge driving shaft

490  Pull-spring unloaded

495  Pull-spring loaded

500  Implantable part, member

Helical guide drive 1”°, reference list:

710 Distal inserter housing
709 Back wall for drive wheel
711 Sliding guide bars

712 Distal handhold

713 Access window

714  arm slot or keyway

715 needle guide port

716 bayonet slot

717  hole for pin
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718  activation trigger aperture

719  disengage trigger aperture

720 Proximal actuator housing

721 Sliding guide

722 Proximal handhold

723 Assembly screw holes

729 Aperture for member 500,Needle orifice

port

730 Needle part

731 Helical hollow needle, left-handed

732 Needle tip, distal hollow needle aperture

733 Proximal needle aperture

734  Needle stability tube

735 Helical hollow needle centrically
bending section

736 Hollow needle tube section

737 Helical section affixed inside tube 734

738 Sliding contact disc

739 Force distribution disc

740 Helical guide tube part

741 Tube

742 Docking cone

743 Arms

744 Helical guide tube

745 Distal guide orifice

746  Proximal guide orifice

747  Arm hole for pin

750  Trigger

751 Hole for thumb

752 Wings

760  bayonet mechanism

761 arm clearance slot

762  bayonet pins

770 fork pin mechanism Mechanism

781 Drive Wheel

782 Driven Wheel,

783 Axle pin for wheels784 Activation

Wheel, same diameter as 782

800 Head and mandible fixation cage



CLAIMS:

1. A helical inserter for inserting an insert helically into soft tissue including:

a. ahousing assembly;

b. a hollow helical insert guide held in functional relationship by the housing
assembly such that a proximal aperture of the insert guide is concentric with the
housing assembly, wherein the insert guide is adapted to be loaded with the
insert through the proximal aperture for helical transport therewith into the soft
tissue;

c. a helical insert guide drive device adapted to drive the hollow helical insert guide
in rotation inio the soft tissue; and

d. a guide removal device adapted, when an insert is present within the hollow
helical insert guide to remove the insert guide while leaving the insert in its

intended implant location in the soft tissue.

2. The helical inserter of claim 1, wherein the helical insert guide drive device comprises a
cam surface which, when a cam follower mounted on a first housing component which
moves relative thereto follows the cam surface, the helical insert guide drive device

drives the hollow helical insert guide in rotation and translation.

3. The helical inserter of claim 2, wherein the cam surface of the helical insert guide drive
is disposed in a helical groove cut in a second housing component and the cam follower

is affixed to the first housing component.

4. The helical inserter of claim 3, wherein, in the helical inserter guide drive device, in
order to drive the helical guide into the soft tissue, the first housing component is
arranged to be rotated by an operator relative to the second housing component, the cam
surface directing the cam follower so as to guide the hollow helical insert guide in

rotation and translation.

5. The helical inserter of claim 1, wherein the helical insert guide drive device comprises a

rack and pinion arrangement.

6. The helical inserter of claim 5, wherein the rack comprises an elongated surface and the

pinion is a wheel which is frictionally engaged with the elongated surface.
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10.

11.

12.

13.

14.

15.

16.

17.

The helical inserter of claim 6, wherein the pinion comprises a rubber material.

The helical inserter of claim 1, wherein the helical insert guide drive device converts
defined relative translation between two assemblies into defined relative translational

and rotational motion to the hollow helical insert guide.

The helical inserter of claim 1, wherein a rack and pinion arrangement is used to drive a
gear train which imparts the defined relative translational and rotational motion to the

hollow helical insert guide.

The helical inserter of claim 1, wherein a helical guiding device imparts the defined

relative translational and rotational motion to the hollow helical insert guide.

The helical inserter of the above claim 10, wherein the helical guiding device comprises
a helical channel, the helical guiding device arranged to be held stationary with respect to

the housing assembly.

The helical inserter of claim 11, wherein the helical guiding device includes a drive train
which maintains the position of the insert in the soft tissue as the drive train removes the

hollow helical insert guide.

The helical inserter of claim 10, wherein the helical guiding device is removable so as to

be interchangeable with other helical guiding devices of differing characteristics.

The helical inserter of claim 10, wherein the helical guiding device is arranged to be
affixed with a clip or retainer, such that it can be easily removed and another helical

guiding device affixed.
The helical inserter of claim 1, wherein the guide removal device is gear driven.

The helical inserter of claim 15, wherein the guide removal device includes an idler gear,
selectively engageable by an operator in order to ensure select functioning for removal of

the hollow helical insert guide from the soft tissue.

The helical inserter of claim 10, wherein the guide removal device is driven by a rack

and pinion arrangement.
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18. The helical inserter of claim 17, wherein the rack comprises an elongated surface and the

pinion is a wheel which frictionally engages the elongated surface.

19. The helical inserter of claim 10, wherein the guide removal device is driven, directly or

indirectly, by the helical guiding device.

20. The helical inserter of the above claim 19, wherein the helical guiding device drives the
hollow helical insert guide to which a drive gear is attached which drives the guide

removal device.

21. The helical inserter of claim 10, wherein the helical guiding device includes at least one
wing which engages into a corresponding slot so as to lock the helical guiding device

against relative rotation with the distal housing.

22. The helical inserter of claim 20, wherein a retaining device further retains the helical

guiding device in non-rotating engagement with the distal housing.

23. The helical inserter of claim 1, wherein the hollow helical insert guide is a hollow helical

needle and wherein the helical insert guide drive device comprises:

(a) a first hypoid gear wheel affixed to the proximal side of the helical needle and held
in axial position through the housing assembly for rotational insertion of the helical
needle into the soft tissue; and

(b) asecond hypoid gear wheel matched to the first hypoid gear wheel and held in axial
position through the housing assembly, the second gear wheel arranged to drive an
insertion mechanism, the insertion mechanism adapted to insert the implantable
member through the hollow helical needle into the soft tissue by means of the
hollow helical needle which is arranged to be rotationally and translationally driven

into the soft tissue.

24. The helical inserter of claim 23, wherein the driving of the insertion mechanism is

accomplished by a rack and pinion mechanism.

40

CA 2819289 2019-01-11



WO 2012/073097 PCT/1IB2011/002878

1/32




WO 2012/073097 PCT/1B2011/002878

2/32
A
10 = 31 !
1 N 1
. 15
} I N
i 13 :% 10
| 11T N — 11
12 | 23 ' |33
| 24 NN I
| 50 —RY I
( 53
| 44 4§ 54
| as 7 |
N | 5&\ 51
25 —H4
21 —— | Sy 52
l RO
3 |f ( %\ 41
| 26
i 2
| L1 /r—
20 —* : ) -~ 20
l
42 4 )
—=
<1

A-A

FIG. 2A FiIG. 2B



WO 2012/073097 PCT/1B2011/002878

3/32
B
!6—
N
| 24
| ~ 50
1 44 28
| LI i S N
| N— 55 s§\ s
i 13— N 27
i | 25_—_ 1
i |
§ L ? | /EIIL
| |
| |
| |
[ |
: - 42
| 0 |
I |
' 2/ - )
E S
B-B C-C

FIG. 3A FiG. 3B FIG. 3C



WO 2012/073097 PCT/1B2011/002878

4/32
50
1 44 45
\ 28
34 51
46 P 25
N\ W17, ‘ 55
24 ~ : |
=S (==
42 \ \?‘Zlﬁ//ﬂ{"‘!\u - 46
AARNARNRRANE
FIG. 4A
49 53
10
20
27
. 44 47 _10
\ 3 48
.0 e 51
46 % 45
m— 51
42 2 — >4
43 < 48
17/21173 53
FlG. 4B 50 13

D-D



WO 2012/073097 PCT/1IB2011/002878

5/32
30 T
.
32
FIG. 5A FIG. 5B FIG. 5C
36 33 32 33
36 26

E-E 39 39— E-F

FIG. 6A Fic. 6B



WO 2012/073097

41

FIG. 7

31
33

24 —_
537
45—

55 —]

6/32

P

—]

N

\

25
21—

27 ]

-

>ZUUIMIMIIIINAR

e

\Y/

54
48

PCT/1IB2011/002878

NIT 5264

T 48 7

H- 42

L —+ 25

43
b, 50
‘ 49
<

a4

22

— 20



PCT/1IB2011/002878

WO 2012/073097

7/32

~L7

41

FiG. 8



WO 2012/073097

8/32

PCT/IB2011/002878

FIG. 10

FIG. 9



WO 2012/073097

9/32

PCT/1B2011/002878

FiG. 11B

FIG. 11A



CA (2819289 2013-05-29

WO 2012/073097 PCT/IB2011/002878

10/32
o0
w
v [m] R
LN
q-
i
(o)
= :
o]
A |
\ S
/ )
(Fp)
(g}
(o]
) O
i
00 <t
/LD
o =
~r& |
(Wp]
<

61
J
64
S
55

v

FiG. 12A

60
N
O

41



11132

091

vr "Oid

n.ﬁ n.n

0S¢
09€
"\~ o0¢
09€ J b | ow
00€ 012
00T ot 00T
012 ~ ™
STZ —__
geT9Id  vEL OI4

CA 2819289 2019-07-03



CA (2819289 2013-05-29

PCT/IB2011/002878

WO 2012/073097

12/32

00T

00T

00T

841 'Ol

001

VLT ‘D14 . v9r 'DI4 VST ‘Ol



CA 02819289 2013-05-29

PCT/1B2011/002878

WO 2012/073097

13/32

0€€
0TE — a

[

d00¢

6T "9Id

V00€

400€  VO00¢€

8T 'Ol



CA (2819289 2013-05-29

PCT/IB2011/002878

WO 2012/073097

14/32

v00¢
g1c 'oid
0S¢
OMN OmN
ONN
0TC S
mHN
00¢

20¢ "9id

0€2
o
<mNN\ M\ \ /
vote 2 Oce V007
VIZ ‘9I4
55T sve Ha ST
\omm vz 0cz
J— -
0€7
0ze H,) “ozz
01z
ST
007 / 007

g0¢ ‘SI4

voZ ‘Oid



CA 02819289 2013-05-29

WO 2012/073097 PCT/1B2011/002878

15/32

220

150

FIG. 23

210

150
155

FIG. 22



PCT/1B2011/002878

16/32

CA 02819289 2013-05-29

WO 2012/073097

ReT4S omv oNv

- ~— 09¢
Y o L T
m (0]0) 74
gsc ‘oid arc ‘Old
09¢
)
veac ‘Old \ veZ ‘Ol




CA (2819289 2013-05-29

PCT/IB2011/002878

WO 2012/073097

17/32

0747
0o8Y

0[0)74
oty

mm#/

SST —— F,

&

0€ec

/

-
—_

&

J

M

84 9l

0LV

oev
o
3

5S¢
Jﬁb\,,, \VAYAVAY] _:/ﬁl/

0€¢
N

—_

=]

T

viZ "Old

0s¢
oSt

0S¢
ore
0¢¢

0SE

osvy
) 44
0S¢

0) 744

0cc¢

0LV

g9¢ '9ld
08y 009

0(5)7

vac ‘Oid




WO 2012/073097 PCT/IB2011/002878

FIG. 28B

FIG. 28A

SUBSTITUTE SHEET (RULE 26)



PCT/IB2011/002878

WO 2012/073097

19/32

0€ '9id

i BT

;]

H

0Sv 09V S9F ObvSEY |

862 Ol

|

005 Otv SCE

vec ‘Oid



WO 2012/073097 PCT/IB2011/002878

20/32

10
17/27

43

50

13

Alt. D-D
FIG. 31



WO 2012/073097 PCT/IB2011/002878

21/32
1" ” —_— 732
o 1\
770
T~ 770

718 —
712 —
‘ 708 —
—710—
|/
70 722
~—720—"
734
: 729
723 ]
721 | 1
720—~

an
729-———3§;F2’

FIG. 32A FiG. 32B FiIG. 32C



PCT/IB2011/002878

WO 2012/073097

.\\ \tw.s, \\\‘\\\\\\\\\\\\\\\\\\\\\\\&N\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
v

731
730

FIG. 33C

FiG. 33B

FIG. 33A



CA 02819289 2013-05-29

WO 2012/073097 PCT/1B2011/002878

23/32

FIG. 34D

FiIG. 34C

N
\l LR, 8 o
M~ 0 ~N
M~ ™~
>
%{,{;Z//I//I///////W//I/////I/I//////////l/////
’//%1 oo,
o
N
N~
——l
N— ;/{///;f;};vgm/////mrmm/ﬂ//mm
NN NN T —
-
i

FIG. 34B

T, O

7,
AR

FIG. 34A




CA (2819289 2013-05-29

WO 2012/073097 PCT/IB2011/002878

24/32

283 711/7217,

3 2
9 <
u, o,
S B : S ) o
™~ o
g X \ \\\\\ o \\\y\‘ﬁ\\\ :
i 8 —— SR
Wil R 2k
S ‘ < ™~
) o

750

751



CA (2819289 2013-05-29

WO 2012/073097 PCT/IB2011/002878

25/32

fnuo o
T
00
] "
Neestg G
/_ _____ m
<
™
~
I~
<t
h
< O
v
NN TN
— Q
N N
™M M
S s
W LS
nom
~ F\"[{\
N o N WO
T T < <
o/ N N NN
#
N
h
n o
— N
AN
— \: =
= . )
™
9
\ o
4 N 1
N9
N =
o —
I~ ~
~



CA (2819289 2013-05-29

PCT/IB2011/002878

WO 2012/073097

26/32

J6¢€ "OId

)74

ey
01L

194
09,

09L

ovL

0TL

09,

g6¢ Oid

19L

ovL

0t

evL

EvL

19L

ve6e "Old




WO 2012/073097 PCT/IB2011/002878

27/32

731
500

730—, 732

K-K
Scale 50 : 1

FIG. 40



PCT/IB2011/002878

aiv "ol VIV "Old

28/32

WO 2012/073097

- ___—09¢
%\\Sm MA\\Omm
N\ —05¢€ _—¥S€
/%\\\mmm?mm v | __—Gg¢
__——00€ | oos
\ \
WN\&NM ywlomm
? N\\N N\\Nmm
%\\Nmm mvN\
09t \ Ay

\ M ﬂmm omm\\m /SN

ovd



CA 02819289 2013-05-29

PCT/1B2011/002878

WO 2012/073097

29/32

v 9Ol

BUIYNS 31 SUING /UG Z JYBIa fuawg
13ua) e 3due YudBupuodsaiod
puUe 2[PaIU MOJOY JO XY Ssaadey

St Inoqe sBue yapd

Y.

41 85

LIE INOGe sdue \pyd3ugnsas ‘w9
o} paignop y1duaj de sawds xey sules
r@Bue Yud Swpuodsa o pue 1aasul

[BISIP JO X1y PR &JY) reRs syuasasday




CA (2819289 2013-05-29

PCT/IB2011/002878

WO 2012/073097

30/32

&V 'OId

" " EIVO §¢910°0 9L1.°0 §¢8¢0°0 [44

u " Y150 §¢0¢00 6180 §¢¢e00 1¢
vZsT'o 9000 £09°0 SLECO0 18060 S49€0°0 0¢
1610 SL00°0 989'0 £20°0 £90°'T 0’0 61
917’0 S800°0 8€80 €E00 LT SO0 81
€0C0 8000 £90'T 00 ELVT 8500 L1

[ 6cc0 6000 14519 L¥0°0 1991 5900 91
6¢C’0 6000 (420" 500 6¢8'T ¢L00 ST
2T 100 97 €900 80T°¢ €800 14"

" " €081 1400 ETv'e S60°0 €T
SOE0 <100 6S1°¢ S80°0 69.°¢C 60T°0 [4"
€€0 €100 88¢€'¢C ¥60°0 8r0't aro 11
ww sayoul WA sayau| WA sayau| agnen

SSaUNIIY L Jajoutelq lalawelqg S|P°oSN
|{eM JeUlWON Iauuj jeujwopn 131nQ [euiwioN




CA (2819289 2013-05-29

PCT/IB2011/002878

WO 2012/073097

31/32

e

AERTE RV RTR

vy "Old

¥ ¥ E 8 8 ¥ R R




WO 2012/073097 PCT/1IB2011/002878

32/32

800

740

FIG. 45




15

12

10 —




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - CLAIMS
	Page 41 - CLAIMS
	Page 42 - CLAIMS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - DRAWINGS
	Page 64 - DRAWINGS
	Page 65 - DRAWINGS
	Page 66 - DRAWINGS
	Page 67 - DRAWINGS
	Page 68 - DRAWINGS
	Page 69 - DRAWINGS
	Page 70 - DRAWINGS
	Page 71 - DRAWINGS
	Page 72 - DRAWINGS
	Page 73 - DRAWINGS
	Page 74 - DRAWINGS
	Page 75 - REPRESENTATIVE_DRAWING

