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SAFE CUTTING HEADS AND SYSTEMS FOR FAST REMOVAL OF A TARGET TISSUE
JOHNTO

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 61/566,629, filed
December 3, 2011, and U.S. Provisional Application No. 61/596,865, filed February 9, 2012,
each application of which is hereby incorporated herein by reference in its entirety.

BACKGROUND

Field of the Invention

[0002] The teachings provided herein are generally directed to a safe and efficient cutting head

for removing a target tissue from a subject during a surgical procedure.

Description of the Related Art

[0003] Intervertebral disc disease is a major worldwide health problem. In the United States
alone almost 700,000 spine procedures are performed each year and the total cost of
treatment of back pain exceeds $30 billion. Age related changes in the disc include
diminished water content in the nucleus and increased collagen content by the 4.sup.th
decade of life. Loss of water binding by the nucleus results in more compressive loading of
the annulus. This renders the annulus more susceptible to delamination and damage.
Damage to the annulus, in turn, accelerates disc degeneration and degeneration of
surrounding tissues such as the facet joints.

[0004] The two most common spinal surgical procedures performed are discectomy and spinal
fusion. These procedures only address the symptom of lower back pain, nerve
compression, instability and deformity. The objective of the spinal disc fusion procedure is
to restore, maintain and stabilize disc height, and/or reduce back pain. The procedure is
generally performed by removing central disc material such and inner annulus, nucleus
pulposus and the cartilage on the endplates before replacing with bone graft and a scaffold
to effect fusion of the vertebral bodies within the treated disc for height stabilization. This
removal process is called a discectomy and is both tedious and frequently inadequate which
can result in compromised fusion, as well as traumatic and time consuming due to the large

incision and dissections required to expose the disc for discectomy.
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[0005] In a typical discectomy procedure, a nucleotomy is first performed in which the nucleus
is loosened by using a curette or a manual shaver to shear the nucleus loose and then
removed using a rigid grasper called a rongeur. The surgeon has to insert the rongeur
through an opening in the disc called an anulotomy, grasp nucleus and remove out of the
disc and the surgical access, clean the jaws and reinsert for more grasping of disc
repeatedly. This process can pose safety issues for tissues in between tool passage such
as nerves. Furthermore, disc debris left behind can hinder efficient subsequent tissue
removal and insertion of the discectomy tools into the disc. The second step is decortication
in which cartilage attached to the bone (cartilaginous endplate) is removed by the use of
rigid scrapers such as a curette or a rasp to help promote a strong intervertebral fusion.
Peeled cartilage are removed by scooping with a curette and withdrawn out of the body by
the use of a rongeur. Tissue debris left behind can also compromise efficiency and
effectiveness of the decortication resulting in a weaker fusion. Moreover, corners inside the
discs are often hard to reach by current state-of-the art tools, often leaving additional areas

of inadequate disc removal.

[0006] In addition, state-of-the-art systems using a combination of suction and cutting suffer
clogging problems due to excised tissue becoming lodged in the system. One of skill will
appreciate that problems with clogging during a surgical procedure can be problematic, and
a solution to such clogging problems is highly desired.

[0007] Although several advanced tools have been developed, none have addressed all of
these issues adequately. One of skill in the art would certainly appreciate a discectomy
system that is (i) less tedious and time consuming to use, (ii) less prone to clogging by
excised tissue; (iii) safer to the subject undergoing the surgery, and (iv) more effective in

promoting a strong intervertebral fusion.
SUMMARY

[0008] The teachings provided herein are generally directed to a safe and efficient cutting head
for removing a target tissue from a subject during a surgical procedure. The target tissue
can include any tissue that is accessible through a small surgical opening, for example, a
joint tissue such as a meniscus, in some embodiments, or an intervertebral tissue, such as a

nucleus pulposus, in other embodiments.
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[0009] The cutting head can be tubular with a cutting surface forming at least a first plane on a
distal perimeter of cutting head, the cutting head in operable communication with a suction
device to excise a target tissue in a manner that facilitates an ease of removal of the tissue
with the suction. The cutting surface can be flat, sinusoidal, or serrated, for example, and
the first plane of the cutting surface may be at an angle, &y, that deviates up to 75° from a
position that is orthogonal to the central axis of the cutting head. In some embodiments, the
cutting surface can have a second plane may be at an angle, 8sp, that deviates up to 75°
from a position that is orthogonal to the central axis of the cutting head. In some
embodiments, the cutting head has a cutting blade and a blade guard for guarding a
perimeter tissue from the cutting blade.

[00010] As such, the teachings include a tubular cutting head for removing a target tissue
of a subject. In these embodiments, the cutting head can have an outer perimeter that
circumscribes a lumen through the cutting head, the lumen having a central axis. The
cutting head can also have a forward cutting blade on a distal edge of the outer perimeter,
the forward cutting blade configured for (i) cutting a target tissue in a forward stroke of the
cutting head and (ii) directing the cut tissue into the lumen. And, the cutting head can also
have a blade guard positioned distal to the forward cutting blade and configured to guard a
perimeter tissue from the forward cutting blade upon the forward stroke the blade guard
having a width that is smaller than the width of a transverse cross-section of the lumen to
facilitate entry of the target tissue into the lumen on the forward stroke.

[00011] In some embodiments, the cutting head can have a backward cutting blade for
cutting the target tissue in a backward stroke of the cutting head, a transverse cutting blade
for cutting the target tissue in a transverse stroke of the cutting head, or a combination
thereof. In some embodiments, a transverse cutting blade can be positioned on the blade
guard for cutting the target tissue in a transverse stroke of the cutting head.

[00012] In some embodiments, the backward cutting blade can be positioned on the
distal edge of the outer perimeter for cutting the target tissue in the backward stroke of the
cutting head. In some embodiments, the backward cutting blade can be positioned on the
blade guard for cutting the target tissue in the backward stroke of the cutting head, the blade
guard having a double-edged blade tip point back into the lumen at an angle, 6,, of greater
than 90° to trap and/or cut tissue in the lumen in the backwards stroke of the cutting head.
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[00013] Since the cutting head can be designed to remove tissue through use of a
suction, the teachings are also directed to systems of a cutting head that operably connect
the cutting head with a suction assembly. As such, the teachings include a such a surgical,
tissue removal system that includes a tubular cutting head for removing a target tissue of a
subject. The system can include a cutting head having an outer perimeter that
circumscribes a flow of suction through the cutting head; a lumen circumscribed by the outer
perimeter, the lumen guiding the flow of suction and having a central axis; a forward cutting
blade on a distal edge of the outer perimeter, the forward cutting blade configured for (i)
cutting the target tissue in a forward stroke of the cutting head and (ii) directing the cut
tissue into the lumen; and, a blade guard positioned distal to the forward cutting blade and
configured to guard a perimeter tissue from the forward cutting blade upon the forward
stroke the blade guard. In some embodiments, the blade guard can have a width that is
smaller than the width of a transverse cross-section of lumen to facilitate entry of the target

tissue into the lumen on the forward stroke.

[00014] The cutting head can be configured for an operable communication between the
lumen and a source of a suction, such that the systems include a suction assembly in
operable communication with the cutting head for creating the flow of suction for removing
the target tissue through the lumen and out of the subject, the suction assembly comprising
a rigid suction tube with a central axis. In some embodiments, the operable communication
includes the use of one or more suction ports positioned just proximal to the most proximal
point of the distal edge of the out perimeter of the cutting head. In some embodiments, the
one or more ports can be located from about 3mm to about 20mm proximal to the most

proximal point of the distal edge.

[00015] In some embodiments, the suction assembly comprises an at least substantially
rigid suction tube having a proximal end and a distal end, the distal end in the operable
communication with the cutting head, and the distal end configured for communicating with
a source of suction for the suction assembly. In some embodiments, the at least
substantially rigid suction tube can be formed as a single unit with the cutting head.

[00016] In some embodiments, the central axis of the lumen is at an angle, ©4, ranging
from about 5° to about 90° from the central axis of the rigid suction tube, and the forward
cutting blade is located about 3mm to about 25mm from the vertex of the angle, ©;.
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[00017] The system of claim 10, the central axis of the lumen has a point of exit at the
forward cutting blade, and the point of exit is located at a transverse distance of about 3mm
to about 25mm that is orthogonal to the central axis of the rigid suction tube.

[00018] In some embodiments, the central axis of the lumen can be at an angle, 64,
ranging from about 5° to about 90° from a central axis of the flow of suction at the distal end
of the suction assembly, and the forward cutting blade can be located about 3mm to about
25mm from the vertex of the angle, ©,. In some embodiments, the operable communication
between the cutting head and the suction assembly can be articulating, and the angle can
be adjustable. In some embodiments, the operable communication between the cutting
head and the suction assembly can be rigid, and the angle can be fixed.

[00019] In some embodiments, the central axis of the lumen is at an angle, ©,, ranging
from 1°to 180° from a central axis of the flow of suction at the distal end of the suction
assembly, and the forward cutting blade is located 3mm to 25mm from the vertex of the
angle, ©,. In these embodiments, additional angle, ©;, is located 5mm to 25mm proximal to
64, and angles 6, and 6; are independently selected to range from about 0° to about 180°,
with the limitation that (i) the net angle, ©4, between the central axis of the lumen of the
cutting head and the central axis of a rigid suction tube located proximal to ©; ranges from
0° to 90°; and, (ii) the distance between the central axis of the lumen of the cutting head and

the central axis of the rigid suction tube ranges from 2mm to 30mm.

[00020] It should be appreciated that the cutting heads and systems taught herein have a
variety of applications known to one of skill. In some embodiments, the target tissue can be

a nucleus pulposus, and the perimeter tissue can be an annulus fibrosis, for example.

[00021] As such, the teachings are also directed to a surgical, tissue removal system for
a discectomy, and the systems can comprise a tubular cutting head for removing a nucleus
pulposus from a subject. In these embodiments, the systems can include a cutting head
having an outer perimeter that circumscribes a flow of suction through the cutting head; a
lumen circumscribed by the outer perimeter, the lumen guiding the flow of suction; a forward
cutting blade on a distal edge of the outer perimeter, the forward cutting blade configured for
(i) cutting the nucleus pulposus in a forward stroke of the cutting head and (ii) directing the
cut nucleus pulposus into the lumen; a backward cutting blade for cutting the nucleus
pulposus in a backward stroke of the cutting head; a transverse cutting blade for cutting the
nucleus pulposus in a transverse stroke of the cutting head; and, a blade guard positioned
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distal to the forward cutting blade and configured to guard an annulus fibrosis tissue from
the forward cutting blade upon the forward stroke. And, the blade guard can have a width,
for example, that is smaller than the width of a transverse cross-section of the lumen to
facilitate entry of the target tissue into the lumen on the forward stroke.

[00022] The teachings also include a method of removing a target tissue from a subject.
In these embodiments, the method can comprise creating an opening in a subject for access
to a target tissue; inserting a cutting head taught herein through the opening to access the
target tissue in the subject; and, forcing the cutting head in a forward direction on a surface
comprising the target tissue to remove the target tissue. The forward direction can include a
force vector that moves (i) at least substantially on a plane containing the central axis of the
lumen of the cutting head, (ii) at least substantially on the surface comprising the target
tissue, and (iii) toward the perimeter tissue that is protected by the blade guard. And, the
method can include capturing the target tissue in the lumen of the cutting head, as well as
removing the target tissue through the lumen and out of the subject.

[00023] In some embodiments, the method comprises forcing a cutting head taught
herein in a backward direction on a surface comprising the target tissue to remove the target
tissue. The backward direction can include a force vector that moves (i) at least
substantially on a plane containing the central axis of the lumen of the cutting head, (ii) at
least substantially on the surface comprising the target tissue, and (iii) away from the
perimeter tissue that is protected by the blade guard.

[00024] In some embodiments, the method comprises forcing a cutting head taught
herein in a transverse direction on a surface comprising the target tissue to remove the
target tissue. The transverse direction can include a force vector that moves (i) at an angle
ranging from about 15° to about 150° from a plane containing the central axis of the lumen of
the cutting head, (ii) at least substantially on the surface comprising the target tissue, and
(iii) in contact with the perimeter tissue that is protected by the blade guard.

[00025] The teachings are also directed to an obturator, guard cannula to protect a
subject during entry and exit of an elongated surgical cutting device having a non-linearity.
In these embodiments, the guard cannula can comprise an entry hub having an inner
perimeter, an outer perimeter, and an irrigation port that communicates between the inner
perimeter with the outer perimeter; and, a linear, elongated split-tube having a proximal end,
a distal end, and a lumen. In these embodiments, the proximal end of the split-tube can (i)
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circumscribe at least a portion of the inner perimeter of the hub and (ii) be in operable
communication with the irrigation port. In these embodiments, the communication can be
operable to receive an irrigation fluid from the irrigation port, the transport of the irrigation
fluid to a target tissue including, for example, a movement of the irrigation fluid from the
irrigation port to the distal end of the split-tube on a luminal surface of the split-tube.

[00026] The distal end of the split-tube can also have any configuration desired by one of
skill. For example, the distal end can at least substantially pointed and/or sharp. In some
embodiments, the distal end can be at least substantially blunt to avoid damage to an entry
tissue upon contact of the distal end with the entry tissue. The split-tube can also have a
length ranging from about 10cm to about 60 cm and a width ranging from about 5mm to
about 16mm. Moreover, the split in the split-tube can compose a gap having a width
ranging from about 4mm to about 14mm, the split accommodating a non-linearity in the
surgical device.

[00027] As described above, the systems taught herein can be used in a variety of
procedures for removal of a target tissue from a subject including, for example, removal of a
meniscus or a discectomy. In some embodiments, the surgical cutting device used with the
guard cannula can be a discectomy device. And, in some embodiments, the entry tissue
includes the subject’s epithelial tissue, muscle tissue, nerve tissue, connective tissue, a
blood vessel, bone, cartilage, or a combination thereof, leading to the nucleus pulposus. As
such, the target tissue can include the nucleus pulposus in some embodiments.

[00028] The teachings are also directed to a surgical tissue removal kit having a surgical
tissue removal system and a guard cannula, using any combination of system and cannula
embodiments taught herein. In some embodiments, the kits can be a discectomy kit. As
such, in some embodiments, the entry tissue includes the subject’s epithelial tissue, muscle
tissue, nerve tissue, connective tissue, a blood vessel, bone, cartilage, or a combination
thereof, leading to the nucleus pulposus. As such, the target tissue can include the nucleus

pulposus in some embodiments.

[00029] The teachings are also directed to a method of using the kits to remove a target
tissue. In some embodiments, the method comprises creating an opening in a subject for
access to a target tissue; inserting the cutting head of the kit through the entry hub and the
elongated split-tube of the guard cannula of the kit; inserting the cutting head of the kit
through the opening to access the target tissue in the subject while protecting the entry
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tissue with the blunt, distal end of the split-tube. Otherwise, methods of using the tissue
removal systems are the same or similar to those taught herein. One of skill will appreciate
having such Kits for discectomies, for example, in which the target tissue can be a nucleus
pulposus, and the perimeter tissue can be an annulus fibrosis. One of skill will also
appreciate having a kit with a guard cannula that helps protect the subject’s epithelial tissue,
muscle tissue, nerve tissue, connective tissue, a blood vessel, bone, cartilage, or a

combination thereof, leading to the nucleus pulposus in such procedures.

[00030] One of skill will appreciate that the embodiments taught herein are provided for
purposes of outlining general concepts, and that several additional embodiments are
included in, and can be derived from, the teachings provided herein.

BRIEF DESCRIPTION OF THE FIGURES

[00031] FIGs. 1A-1D illustrates a variety of tubular cutting head configurations that can
be fabricated from stock tube, according to some embodiments.

[00032] FIGs. 2A-2E show blade configurations, according to some embodiments.

[00033] FIGs. 3A-3C show cross section of individual blade profiles, according to some

embodiments.
[00034] FIGs. 4A-4C illustrate a cutting head, according to some embodiments.

[00035] FIGs. 5A and 5B illustrate the angulation of a cutting head 500, according to

some embodiments.

[00036] FIG. 6 illustrates an obturator, guard cannula, according to some embodiments.
[00037] FIG. 7 illustrates a surgical tissue removal kit, according to some embodiments.
[00038] FIGs. 8A-8C illustrate a system or kit that can irrigate concurrent with application

of suction, and without the obturator, guard cannula in place, according to some

embodiments.

[00039] FIGs. 9A-9G show cutting head designs that were tested, according to some

embodiments.

[00040] FIGs. 10A-10E illustrate the advancements in the cutting head, according to

some embodiments.
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[00041] FIGs. 11A-11C illustrate a bayonet-type communication between a cutting head
and a suction assembly, according to some embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[00042] The teachings provided herein are generally directed to a safe and efficient
cutting head for removing a target tissue from a subject during a surgical procedure. The
target tissue can include any tissue that is accessible through a small surgical opening, for
example, a joint tissue such as a meniscus or an intervertebral tissue, such as a nucleus
pulposus. In some embodiments, the devices taught herein can be referred to as an
orthopedic tissue removal device. In some embodiments, the devices taught herein are
useful in X-LIF (lateral approach to an intervertebral fusions) procedures, T-LIF
(transforaminal approach to intervertebral fusions) procedures, P-LIF (posterior approach to
intervertebral fusions), or a percutaneous, transforaminal approach (Kambin triangle
access).

[00043] The term “subject” and “patient” can be used interchangeably in some
embodiments and refer to an animal such as a mammal including, but not limited to, non-
primates such as, for example, a cow, pig, horse, cat, dog, rat and mouse; and primates
such as, for example, a monkey or a human. As such, the terms “subject” and “patient” can
also be applied to non-human biologic applications including, but not limited to, veterinary,

companion animals, commercial livestock, and the like.

[00044] The cutting head can be tubular with a cutting surface forming at least a first
plane on a distal perimeter of cutting head, the cutting head in operable communication with
a suction device to excise a target tissue in a manner that facilitates an ease of removal of
the tissue with the suction.

[00045] The cutting surface can be flat, sinusoidal, or serrated, for example, and the first
plane of the cutting surface may be at an angle, &¢p, that deviates up to 75° from a position
that is orthogonal to the central axis of the cutting head. In some embodiments, the cutting
surface can have a second plane may be at an angle, 6sp, that deviates up to 75° from a
position that is orthogonal to the central axis of the cutting head. In some embodiments, the
cutting head has a cutting blade and a blade guard for guarding a perimeter tissue from the
cutting blade. In some embodiments, ©r and 6sp can be independently selected to range

from 0° to about 75°, from about 5° to about 75°, from about 10° to about 70°, from about 15°
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to about 65°, from about 10° to about 60°, from about 5° to about 55°, from about 15° to
about 50°, from about 20° to about 45°, from about 15° to about 40°, from about 25° to about

35°, or any angle or range of angles therein in increments of 1°.

[00046] FIGs. 1A-1D illustrates a variety of tubular cutting head configurations that can
be fabricated from stock tube, according to some embodiments. FIG. 1A shows a cutting
head stock tube 100 having a first plane 105 at an angle, ©gp, that is orthogonal to the
central axis 110 of the lumen of the stock tube 100. FIG. 1B shows a cutting head stock
tube 100 having a first plane 105 at an acute angle, 6¢p, to the central axis 110 of the lumen
of the stock tube 100, the acute angle ranging from 1° to about 75°. FIG. 1C shows a cutting
head stock tube 100 having a first plane 105 at an acute angle, ©¢p, to the central axis 110
of the lumen of the stock tube 100, the acute angle, &, ranging from 1° to about 75°; and,
having a second plane 105 at an angle, ©sp, that is orthogonal to the central axis 110 of the
lumen of the stock tube 100. FIG. 1D shows a cutting head stock tube 100 having a first
plane 105 at an acute angle, ©¢p, to the central axis 110 of the lumen of the stock tube 100,
the acute angle ranging from 1° to about 75°; and, having a second plane 105 at an angle,
Osp, 10 the central axis 110 of the lumen of the stock tube 100, the acute angle, 6sp, ranging

from 1° to about 75°.

[00047] The cutting head can be fabricated from any material known to one of skill to be
suitable in a surgical environment for the uses taught herein. For example, a hard material
with hardness greater than Rockwell C 30 or greater than Rockwell C 45 can be suitable in
some embodiments. In some embodiments, the cutting head can be comprised of a
component selected from the group consisting of tempered steel, stainless steel, high
carbon steel, titanium or titanium alloy, ceramic, diamond and obsidian. In some
embodiments, the stainless steel can comprise 304 stainless steel, 316 stainless steel, 17-4
PH stainless steel, 400 series stainless steel, or any other stainless steels known to one of
skill to be suitable for the cutting functions taught herein. In some embodiments, the cutting
head can be made of cobalt chromium, tungsten carbide, or a ceramic.

[00048] The tube forming the cutting head can have a wall thickness, for example, from
0.003” to 0.020” or more specifically 0.005” to 0.012”. The cross-sectional area of the
cutting head can range from 0.120 inches® to 1.5 inches? or, in some embodiments, from
0.180 in® to 0.400 in®. The width in any direction can range from 0.080” to 0.400” or more
and, in some embodiments, 0.160” to 0.250". In some embodiments, the cutting head can
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have a maximum transverse cross section dimension ranging from about 3.0mm to about
20.0mm, from about 4.0mm to about 15.0mm, from about 4.0mm to about 12.0mm, from
about 5.0mm to about 10.0mm, about 5.0mm to about 8.0mm, or any range therein in
increments of 0.1mm. In some embodiments, the cutting heads have diameters of about
4.8mm, about 5.0mm, about 5.2mm, about 5.4mm, about 5.8mm, about 6.0mm, about
6.2mm, about 6.4mm, about 6.6mm, about 6.8mm, about 7.0mm, about 7.2mm, about
7.4mm, about 7.6mm, about 7.8mm, about 8.0mm, about 8.2mm, and any 0.1mm increment
therein.

[00049] The distal perimeter of a cutting head can be on the first plane or the second
plane, or a combination thereof, and the cutting surfaces can be any cutting surface known
to one of skill, such as a razor surface, a serrated surface, or a sinusoidal surface, in some
embodiments. There are a variety of possible blade configurations known to one of skill in
the art of cutting blade design, and any such configuration may be used. For example, the
cutting surface can have teeth and gullets between the teeth. The spacing between the
teeth can be equal or variable, and the depth of the gullets can be equal or variable, and any
combination of teeth and gullets can be used. In some embodiments, the direction of the
protrusion of the teeth can be offset from the direction of the remainder of the walls of the
cutting head. In some embodiments, the teeth are in the same direction as the remainder of
the walls of the cutting head, such that the teeth are merely an extension of the walls of the
cutting head, with no shift in direction toward the lumen of the cutting head or away from the
lumen of the cutting head. In some embodiments, there is a pattern of directional shift of the
teeth away from, or toward, the lumen of the cutting head. For example, the pattern can be
a sequence of toward, away, toward, away, no shift, and the sequence is repeated around
the distal edge of the outer perimeter of the cutting head. In some embodiments, all teeth
can point toward the lumen, and in some embodiments, all teeth can point away from the
lumen. In some embodiments, the teeth alternate toward the lumen and away from the
lumen tooth-by-tooth. And, in some embodiments, the teeth are gradually toward and away
from the lumen at gradually increases and decreasing angles, tooth-by-tooth, to create an
appearance of waves as the teeth circle the distal edge of the outer perimeter. The
sequence can also be entirely random.

[00050] FIGs. 2A-2E show blade configurations, according to some embodiments. FIG.
2A shows a 5 tooth shift pattern of toward, away, toward, away, no shift, repeat. FIG. 2B
shows a random shift pattern. FIG. 2C shows a wavy shift pattern. FIG. 3D shows a 3 tooth
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shift pattern of away, toward, no shift, repeat. And, FIG. 3E shows a simple away, toward,
repeat shift pattern.

[00051] The choice of blade configuration can be combined with a choice of blade profile,
in some embodiments. Those of skill in the art of designing cutting blades will appreciate
that the cutting heads taught herein can have a variety cutting actions, such as a chisel
action, sawing action, slicing action, and ripping action, for example. As such, the blade
profile chosen can be varied to use any blade profile known to one of skill. In some
embodiments, the teeth are beveled. In some embodiments, the cutting heads have teeth
that point backward as well as forward to include forward cutting surfaces in addition to
backward cutting “spurs.”

[00052] As such, the teachings include a tubular cutting head for removing a target tissue
of a subject. And, the tube can be an elongated, tubular structure of any shape, such as
circular tube, a square tube, a rectangular tube, an elliptical tube, a pentagonal tube, a
hexagonal tube, heptagonal, an octagonal tube, and the like, such that any number of sides,
curvatures, or combinations thereof can be used in some embodiments. In some

embodiments, a circular tube is used.

[00053] The cutting heads can have a combination of blade types, for example, forward-
cutting blades, backward-cutting blades, and transverse cutting blades, as well as
protrusions, hooks, and the like, for grabbing, ripping, or otherwise removing tissue. In
some embodiments, the cutting head can have a backward cutting blade for cutting the
target tissue in a backward stroke of the cutting head, a transverse cutting blade for cutting
the target tissue in a transverse stroke of the cutting head, or a combination thereof. In
some embodiments, a transverse cutting blade can be positioned on the blade guard for
cutting the target tissue in a transverse stroke of the cutting head.

[00054] FIGs, 3A-3C show cross section of individual blade profiles, according to some
embodiments. FIG. 3A shows a planar-concave blade profile. FIG. 3B shows a wedge
blade profile. And, FIG. 3C shows a chisel blade profile. Likewise, it should be appreciated
that the blades can be designed to have any configuration, including a single-edge, double-
edge, single barb, double-barb, straight tip, barbed tip, and the like, to assist with any form
of tissue removal, including cutting, slicing, chiseling, scraping, gouging, sawing, grinding,
and ripping of a tissue for efficiency in removal during a surgery, for example.

12



HK 1197964 A

WO 2013/081691 PCT/US2012/051952

[00055] FIGs. 4A-4C illustrate a cutting head, according to some embodiments. FIG. 4A
shows an oblique view of the cutting head, and FIG. 4B shows a lateral view. The cutting
head 400 can have an outer perimeter 405 that circumscribes a lumen 410 through the
cutting head 400, the lumen 410 having a central axis 415. The cutting head 400 can also
have a forward cutting blade 420 on a distal edge 425 of the outer perimeter 405, the
forward cutting blade 420 configured for (i) cutting a target tissue (not shown) in a forward
stroke of the cutting head 400 and (ii) directing the cut tissue into the lumen 410. And, the
cutting head 400 can also have a blade guard 430 positioned distal to the forward cutting
blade 420 and configured to guard a perimeter tissue (not shown) from the forward cutting
blade 420 upon the forward stroke the blade guard 430 having a width 433 that is smaller
than the width 422 of a transverse cross-section of the lumen 410 to facilitate entry of the
target tissue into the lumen 410 on the forward stroke. And, as shown in FIGs. 4A-4C, the
lateral surfaces 409 of the blade guard can also be serrated, or otherwise sharp cutting

surfaces, for transverse cutting.

[00056] Since the cutting head can be designed to remove tissue through use of a
suction 444, the teachings are also directed to systems of a cutting head that operably
connect the cutting head with a suction assembly 484 (distal end only shown). As such,
FIG. 4C also shows such a surgical, tissue removal system that includes a tubular cutting
head 400 for removing a target tissue (not shown) of a subject. The system can include a
cutting head 400 having an outer perimeter that circumscribes a flow of suction 444 through
the cutting head 400; a lumen 415 circumscribed by the outer perimeter 405, the lumen 410
guiding the flow of suction 444 and having a central axis 415; a forward cutting blade 420 on
a distal edge 425 of the outer perimeter 405, the forward cutting blade 420 configured for (i)
cutting the target tissue in a forward stroke of the cutting head 400 and (ii) directing the cut
tissue into the lumen 410; and, a blade guard 430 positioned distal to the forward cutting
blade 420 and configured to guard a perimeter tissue (not shown) from the forward cutting
blade 420 upon the forward stroke the blade guard 430.

[00057] The cutting head can be configured for an operable communication between the
lumen 410 and a source of the suction 444, such that the systems 400 include the suction
assembly 484 in operable communication with the cutting head 400 for creating the flow of
suction 444 for removing the target tissue through the lumen 410 and out of the subject, the
suction assembly 484 comprising a rigid suction tube 488 with a central axis. In some

embodiments, the operable communication includes the use of one or more suction ports
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466 positioned just proximal to the most proximal point of the distal edge of the out
perimeter of the cutting head. In some embodiments, the one or more suction ports 466 can
be located from about 3mm to about 20mm proximal to the most proximal point of the distal
edge 425. While not intended to be bound by any theory or mechanism of action, one of
skill will appreciate that a source of additional air can be useful when suctioning within a
region that can create vacuum which would otherwise impede or cease the flow of suction
that transports excised tissue away from the surgical space during the removal of the tissue.
The suction ports 466 can be used to provide the additional air to avoid creating of the
vacuum in the surgical space.

[00058] Any suction assembly construction known to one of skill can be used in many
embodiments. In some embodiments, the suction assembly 484 comprises an at least
substantially rigid suction tube 488 having a proximal end (not shown) and a distal end 499,
the distal end 499 in the operable communication with the cutting head 400, and the distal
end 499 configured for communicating with a source of suction 444 for the suction assembly
484. In some embodiments, the at least substantially rigid suction tube 488 can be formed
as a single unit with the cutting head 400. The phrase, “at least substantially rigid” can refer
a component that is rigid, or sufficiently rigid such that the desired function is obtained,
under the forces that are created with normal use. For example, a desired function may be
to prevent or inhibit the occurrence of a bending moment of the rigid component at one or
more points along the length of a rigid suction tube upon use of the cutting head in the
subject.
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[00059] The following table describes the dimensional ratios of the cutting head 400 that

were found to facilitate fast-and-efficient tissue removal in a discectomy. The “Label” is
used to show the components and measures that form the ratios in a small device and a

large device.
Label-> 402 403 404 401
Pincer
Cutter Pincer Width at the | ID-Pincer
Diameter | Height peak of the | Tip gap
(in) (in) arch(in) (in) 403/402 | 404/402 | 401/402
Small
Device 0.203 0.098 0.080 0.085 0.483 0.394 0.419
Large
Device 0.250 0.140 0.125 0.104 0.560 0.500 0.416
Mean--> 0.521 0.447 0417
Theoretical
Upper
Limit 0.7 0.7 0.6
Theoretical
Lower
Limit 0.3 0.3 0.3
[00060] The rigid suction tube can comprise any material known to one of skill to be

suitable for the uses taught herein. For example, the rigid suction tube can comprise any
surgical steel, plastic or resin considered desirable to one of skill for the devices taught
herein. In some embodiments, the rigid suction tube can comprise the same or similar
materials as the cutting head. In some embodiments, the rigid suction tube can comprise a
stainless steel, polyetheretherketone (PEEK), polyimide, or carbon fiber. The wall thickness
of the shaft can be any thickness at which a select material will have the physical properties
desired. In some embodiments, the wall thickness can range, for example, from 0.003” to
0.020,” and from 0.005” to 0.010” in some embodiments. The luminal surface of the tube
can be coated with TEFLON, a hydrophobic coating such as parylene, or a hydrophilic
coating such as polyvinyl alcohol or polyethylene glycol.

[00061] In some embodiments, the rigid suction tube can comprise a polymer tube
reinforced with a metal braid, a coiled tube, or a tube with transverse slots to facilitate
articulation, should articulation be desired in some embodiments. In such embodiments, the
cutting head can be angled relative to the axis of the rigid suction tube by, for example,
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pulling on a tendon attached to the cutting head on one side, the tendon running-along a
guide on the side of the rigid suction tube.

[00062] FIGs. 5A and 5B illustrate the angulation of a cutting head 500, according to
some embodiments. FIG. 5A shows that the central axis 515 of the lumen 510 can be at an
angle, 8, ranging from about 5° to about 90° from a central axis 555 of the flow of suction
544 at the distal end 599 of the suction assembly (partially shown) 584, and the forward
cutting blade 520 can be located about 2mm to about 25mm from the vertex of the angle,
©;. . In some embodiments, 6, can range from about 2mm to about 30mm, from about
2mm to about 30mm, from about 2.5mm to about 25mm, from about 3mm to about 25mm,
from about 4mm to about 20mm, from about 5mm to about 15mm, from about 3mm to about
25mm, from about 7mm to about 12mm, from about 8mm to about 10mm, or any range

therein in increments of 0.5mm.

[00063] In some embodiments, the central axis of the lumen is at an angle, ©,, ranging
from about 5° to about 90° from the central axis of the rigid suction tube, and the forward
cutting blade is located about 3mm to about 25mm from the vertex of the angle, ©,. And, in
some embodiments, the central axis of the lumen has a point of exit at the forward cutting
blade, and the point of exit is located at a transverse distance of about 3mm to about 25mm
that is orthogonal to the central axis of the rigid suction tube

[00064] In some embodiments, the central axis of the lumen is at an angle, ©+, ranging
from 1°to 180° from a central axis of the flow of suction at the distal end of the suction
assembly, and the forward cutting blade is located 3mm to 25mm from the vertex of the
angle, ©,. In these embodiments, additional angle, ©3, is located 5mm to 25mm proximal to
64, and angles 6, and 6; are independently selected to range from about 0° to about 180°,
with the limitation that (i) the net angle, ©,4, between the central axis of the lumen of the
cutting head and the central axis of a rigid suction tube located proximal to ©; ranges from
0° to 90°; and, (ii) the distance between the central axis of the lumen of the cutting head and
the central axis of the rigid suction tube ranges from 2mm to 30mm. As such, the distance
in the flow of suction between angles 6, and ©; can range from about 5mm to about 30mm,
from about 5mm to about 25mm, from about 5mm to about 20mm, from about 6mm to about
18mm, from about 7mm to about 15mm, or any range or distance therein in increments of

Tmm.
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[00065] In some embodiments, the operable communication between the cutting head
500 and the suction assembly 584 can be articulating, and the angle, ©,, can be adjustable.
In some embodiments, the operable communication between the cutting head 500 and the
suction assembly 584 can be rigid, and the angle, ©;, can be fixed. In some embodiments,
the angle, ©;, can range from 0° to about 45°, from about 1° to about 40°, from about 5° to
about 35° from 10° to about 35°, from 15° to about 40°, from 20° to about 30°, or any range
therein in increments of 1°. In some embodiments, the angle, 64, can be about 3°, about 5°,
about 10°, about 15°, about 20°, about 25°, about 30°, about 35°, about 40°, about 45°, or

any angle therein in increments of 1°.

[00066] In some embodiments, the backward cutting blade can be positioned on the
distal edge 525 of the outer perimeter 505 for cutting the target tissue in the backward
stroke of the cutting head 500. In some embodiments, the backward cutting blade 531 can
be positioned on the blade guard 530 for cutting the target tissue in the backward stroke of
the cutting head 500. FIG. 5B shows that the blade guard 530 can have a double-edged
blade tip as the backward cutting blade 531 point back into the lumen 515 at an angle, 6., of
greater than 90° from the central axis 515 of the lumen 500 to trap and/or cut tissue in the
lumen 510 in the backwards stroke of the cutting head 500. The backward cutting blade
531 can be referred to as a “talon” in some embodiments, or “pincer”, as it can function to

grab, shear, and hook tissue for removal.

[00067] It should be appreciated that the cutting heads and systems taught herein have a
variety of applications known to one of skill. In some embodiments, the target tissue can be

a nucleus pulposus, and the perimeter tissue can be an annulus fibrosis, for example.

[00068] A surgical, tissue removal system for a discectomy is provided, and the systems
can comprise a tubular cutting head for removing a nucleus pulposus from a subject. In
these embodiments, the systems can include a cutting head having an outer perimeter that
circumscribes a flow of suction through the cutting head; a lumen circumscribed by the outer
perimeter, the lumen guiding the flow of suction; a forward cutting blade on a distal edge of
the outer perimeter, the forward cutting blade configured for (i) cutting the nucleus pulposus
in a forward stroke of the cutting head and (ii) directing the cut nucleus pulposus into the
lumen; a backward cutting blade for cutting the nucleus pulposus in a backward stroke of
the cutting head; a transverse cutting blade for cutting the nucleus pulposus in a transverse
stroke of the cutting head; and, a blade guard positioned distal to the forward cutting blade
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and configured to guard an annulus fibrosis tissue from the forward cutting blade upon the
forward stroke.

[00069] Another valuable feature is that the devices taught herein can operate without
substantial clogging from the flow of excised tissue from the cutting head, and this was
accomplished by design. Without intending to be bound by any theory or mechanism of
action, it was discovered that the area of a transverse cross-section of the distal end of the
cutting head should be at least substantially equal to, or less than, the transverse cross-
sectional area of any point that is positioned proximal to the distal end of the cutting head
leading to collection of the flow of excised tissue from the cutting head. Such points would
include, for example, any such point of cross-section along the rigid suction tube, or any
other component of the section assembly leading to the point of collection of the excised
tissue, for example, the most proximal orifice at which the pressure difference dumps the
excised tissue into a collection canister in some embodiments. The term “at least
substantially equal to” means that there may be a smaller transverse cross-sectional area,
as long as it is limited in magnitude, in some embodiments. In some embodiments, the
transverse cross-sectional area can be at least substantially equal to the transverse cross-
sectional area of the cutting head if it is no more than 20% less in transverse cross-sectional
area at the proximally located cross-section. In some embodiments, the transverse cross-
sectional area can be at least substantially equal to the transverse cross-sectional area of
the cutting head if it is no more than about 3%, about 5%, about 7%, about 9%, about 11%,
about 13%, about 15%, about 17%, about 19%, about 21% less in transverse cross-
sectional area at the proximally located cross-section. Any percent therein in increments of
1%, less in transverse cross-sectional area at the proximally located cross-section.

[00070] The teachings also include a method of removing a target tissue from a subject.
In these embodiments, the method can comprise creating an opening in a subject for access
to a target tissue; inserting a cutting head taught herein through the opening to access the
target tissue in the subject; imaging the depth of the tip of the cutting head using a suitable
imaging technique, such as fluoroscopy; and, forcing the cutting head in a forward direction
on a surface comprising the target tissue to remove the target tissue while vacuum is
activated to suck cut tissue proximally. The forward direction can include a force vector that
moves (i) at least substantially on a plane containing the central axis of the lumen of the
cutting head, (ii) at least substantially on the surface comprising the target tissue, and (iii)
toward the perimeter tissue that is protected by the blade guard. And, the method can
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include capturing the target tissue in the lumen of the cutting head, as well as removing the
target tissue through the lumen and out of the subject.

[00071] The phrase, “at least substantially on...,” can refer to a position or movement that
is sufficient close to the exact desired position such that the desired function is obtained,
under the forces and conditions that are created with normal use of the systems and devices
taught herein. For example, “at least substantially on a plane containing the central axis of
the lumen of the cutting head” or at least substantially on the surface comprising the target
tissue” can refer to a position or movement that is parallel or substantially parallel to the
plane or surface but perhaps off by about 1um to about 15mm from the actual plane, or
perhaps off by about 0.1° to about 20° in direction of movement. The measure of “at least
substantially” is used to approximate situations in which the exact measure or position is not
obtained, but function desired by a person of ordinary skill is obtained. For example, a
reduction of outcome when compared to the best possible outcome can be used to
determine what is “at least substantially” the desired outcome. In some embodiments, the
desired outcome is at least substantially obtained where the best possible outcome is
reduced by less than 10%, less than 15%, less than 20%, less than 30%, less than 40% or
less than 50%. In some embodiments, the desired outcome is at least substantially
obtained where the best possible outcome is reduced by an amount of about 5% to about
30%, about 7% to about 35%, about 10% to about 25%, or any range therein in increments
of 1%.

[00072] In a discectomy, the opening in the subject can vary, depending on the disk
height of the subject, which is often in the range of about 5mm-7mm. In some
embodiments, the opening in the subject can range in size from about 4mm x 4mm to about

14mm x 14mm. In some embodiments, the opening can be about 10mm x 7mm.

[00073] In some embodiments, the method comprises forcing a cutting head taught
herein in a backward direction on a surface comprising the target tissue to remove the target
tissue. The backward direction can include a force vector that moves (i) at least
substantially on a plane containing the central axis of the lumen of the cutting head, (ii) at
least substantially on the surface comprising the target tissue, and (iii) away from the
perimeter tissue that is protected by the blade guard.

[00074] In some embodiments, the method comprises forcing a cutting head taught

herein in a transverse direction on a surface comprising the target tissue to remove the
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target tissue. The transverse direction, for example, can include a force vector that moves
(i) at an angle ranging from about 15° to about 165° from a plane containing the central axis
of the lumen of the cutting head, (ii) at least substantially on the surface comprising the
target tissue, and (iii) in contact with the perimeter tissue that is protected by the blade
guard.

[00075] The cutting heads taught herein are sharp and can be harmful to tissues during
entry and exit of the cutting heads through the surgical opening. An obturator, guard
cannula is provided in some embodiments to protect a subject during entry and exit of an
elongated surgical cutting device having a non-linearity.

[00076] FIG. 6 illustrates an obturator, guard cannula, according to some embodiments.
The guard cannula 600 can comprise an entry hub 605 having an inner perimeter 615, an
outer perimeter 625, and an irrigation port 635 that communicates between the inner
perimeter 615 with the outer perimeter 625; and, a linear, elongated split-tube 650 having a
proximal end 655, a distal end 665, and a lumen 675. In these embodiments, the proximal
end 655 of the split-tube 650 can (i) circumscribe at least a portion of the inner perimeter
615 of the hub 605 and (ii) be in operable communication with the irrigation port 635. In
these embodiments, the communication can be operable to receive an irrigation fluid 690
from the irrigation port 635, the transport of the irrigation fluid 690 to a target tissue (not
shown) including, for example, a movement of the irrigation fluid 690 from the irrigation port
635 to the distal end 665 of the split-tube 650 on a luminal surface 680 of the split-tube 650.

[00077] One of skill will appreciate that the “irrigation fluid” can be any fluid desired by
one of skill, including liquids and gases. In some embodiments, the irrigation fluid can be
aqueous. In some embodiments, the irrigation fluid can be non-aqueous. And, in some
embodiments, the irrigation fluid can be an emulsion. In some embodiments, the irrigation
fluid can comprise a gas. Examples of aqueous irrigation fluids include water, saline, or an
aqueous surfactant containing liquid. Examples of non-aqueous fluids can include any oil-
based liquid that may help facilitate tissue extraction during a surgical procedure. Examples
of gases can include carbon dioxide, nitrogen, air, and any inert or at least substantially non-
reactive gases. In some embodiments, the irrigation fluid can include a lubricant, such as
glycerin, silicon oil, and the like. Irrigation fluids can be used as a carrier to help remove an
excised tissue, or to help inhibit the creation of a vacuum within a surgical site that can
inhibit the removal of the excised tissue. An example of such as a vacuum is one that may
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be created during use of a suction within a closed cavity such as an intervertebral space

within an annulus during a discectomy.

[00078] The distal end 665 of the split-tube 650 can also have any configuration desired
by one of skill. For example, the distal end 665 can be at least substantially pointed and/or
non-blunt. In some embodiments, the distal end 665 can be at least substantially blunt to
avoid damage to an entry tissue upon contact of the distal end 665 with the entry tissue.
The split-tube 650 can also have a length ranging from about 10cm to about 60 cm and a
width ranging from about 5mm to about 16mm. Moreover, the split in the split-tube 650 can
compose a gap 667 having a width ranging from about 4mm to about 14mm, the split
accommodating a non-linearity in the surgical device. In some embodiments, the cutting
heads taught herein can have a diameter that is smaller than that of the portion of the
suction assembly that passes through the lumen of the guard cannula, such that the guard
cannula holds the suction assembly 484 but allows the cutting head 400 to pass through the
gap 667. As such, the gap 667 can have a width that exceeds the diameter of the cutting
head 400 but is less than the diameter of the rigid suction tube 488, and the lumen of the
guard cannula 600 has a diameter that exceeds the diameter of the rigid suction tube 488.

[00079] As described above, the systems taught herein can be used in a variety of
procedures for removal of a target tissue from a subject including, for example, removal of a
meniscus or a discectomy. In some embodiments, the surgical cutting device used with the
guard cannula can be a discectomy device. And, in some embodiments, the entry tissue
includes the subject’s epithelial tissue, muscle tissue, nerve tissue, connective tissue, a
blood vessel, bone, cartilage, or a combination thereof, leading to the nucleus pulposus. As
such, the target tissue can include the nucleus pulposus in some embodiments.

[00080] A surgical tissue removal kit having a surgical tissue removal system and a guard
cannula is provided, the kit using any combination of system and cannula embodiments
taught herein. In some embodiments, the kits can be a discectomy kit. As such, in some
embodiments, the entry tissue includes the subject’s epithelial tissue, muscle tissue, nerve
tissue, connective tissue, a blood vessel, bone, cartilage, or a combination thereof, leading
to the nucleus pulposus. As such, the target tissue can include the nucleus pulposus in

some embodiments.

[00081] FIG. 7 illustrates a surgical tissue removal kit, according to some embodiments.
The kit 700 includes a cutting head 400, a suction assembly 484, and an obturator, guard
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cannula 600. A flow of suction 444 from the suction assembly 484 enters the cutting head
400 to remove a target tissue excised by the cutting head. Irrigation water 690 can enter
irrigation valve 795 and/or the irrigation port 635, the irrigation water 690 coming from the
irrigation valve 795 is used when the suction 444 is off, and the irrigation water 690 coming
from the irrigation port 635 can be used when the suction 444 is on, during which the suction
444 draws the irrigation water 690 between the luminal surface of the guard cannula 600
and the suction assembly 484 into the surgical area (not shown). The guard cannula 600
protects the entry tissue (not shown) while the cutting head 400 and suction assembly 484
moves relative to the entry tissue during a surgical procedure, the cutting head 400 moving,
for example, in a forward, backward, and/or transverse motion to excise and remove the

target tissue.

[00082] A method of using the kits to remove a target tissue is provided. In some
embodiments, the method comprises creating an opening in a subject for access to a target
tissue; inserting the cutting head of the kit through the entry hub and the elongated split-tube
of the guard cannula of the kit; inserting the cutting head of the kit through the opening to
access the target tissue in the subject while protecting the entry tissue with the blunt, distal
end of the split-tube. Otherwise, methods of using the tissue removal systems are the same
or similar to those taught herein. One of skill will appreciate having such kits for
discectomies, for example, in which the target tissue can be a nucleus pulposus, and the
perimeter tissue can be an annulus fibrosis. One of skill will also appreciate having a kit
with a guard cannula that helps protect the subject’s epithelial tissue, muscle tissue, nerve
tissue, connective tissue, a blood vessel, bone, cartilage, or a combination thereof, leading
to the nucleus pulposus in such procedures.

[00083] FIGs. 8A-8C illustrate a system or kit that can irrigate concurrent with application
of suction, and without the obturator, guard cannula in place, according to some
embodiments. FIG. 8A shows the complete discectomy system 800 including the cutting
head 400, a means for applying suction through the suction assembly 884, a control handle
886 and a vacuum attachment 892, an irrigation tube 804, an irrigation control 802, and an
optional vacuum control 888.

[00084] In embodiments in which the cutting head angle is adjustable, the handle 886
can have a knob (not shown) that turns to tension a pull cable to flex or straighten the
cutting head relative to the rigid suction tube, or a slide that tensions the cable to flex or
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straighten the cutting head relative to the rigid suction tube. The cables to flex and
straighten can be on opposing sides of the shaft constrained to small side lumens attached
to the outer surface of the shaft to flex and straighten out the cutting head.

[00085] FIG. 8B shows a cross-sectional view of the irrigation tube 804 relative to the
rigid suction tube 894. And, FIG. 8C shows a cross-sectional view of the control handle 886
and internal piping.

[00086] One of skill will appreciate that the teachings and examples provided herein are
directed to basic concepts that can extend beyond any particular embodiment,
embodiments, figure, or figures. It should be appreciated that any examples are for
purposes of illustration and are not to be construed as otherwise limiting to the teachings.

Example 1. Testing of cutter head designs

[00087] A variety of cutter heads were tested in 3 cadaver laboratories on 28 discs. The
results were compared to determine the most efficient cutter head design. A desirable
cutter head design was one that would cut well on all target tissues, including the nucleus
pulposus, vertebral endplates, and inner annulus tissue. However, the cutter head should
also cut the target tissues in a desired manner while providing little to no damage to the
perimeter tissue, such tissue including the perimeter annulus fibrosis tissue that should be
preserved as a desirable perimeter structure. In addition, the design should remove tissue
quickly under suction, such that the configuration of the head facilitates the removal of the

tissue under suction.

[00088] FIGs. 9A-9G show cutting head designs that were tested, according to some
embodiments. The design in FIG. 9A cut well but it was not as safe to the annulus as other
designs. The design in FIG. 9B was safe to the annulus but it did not cut tough tissue well
and showed too much resistance. The design in FIG. 9C also did not penetrate tough tissue
well. The design in FIG. 9D did cut and decorticate well, but it clogged on soft/elastic tissue.
The design in FIG. 9E cut tough tissue well and did not clog, and it also decorticates really
well. It was also safe to the annulus. The shape of the device however, did not reach the
far side of the nucleus pulposus. The design in FIG. 9F shows a bend that was introduced
to the device to enable the cutting head of FIG. 9E to reach the far side of the nucleus
pulposus. The design in FIGs. 9G and 9H, however, showed the most efficient cutting head

performance identified in the testing, removing 23cc of material in 5 minutes.
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Example 2.
[00089] This example further developed the designs of the cutting heads. The design in

FIGs. 8G and 8H were further investigated in 7 cadaver labs and 28 discs.

[00090] FIGs. 10A-10E illustrate the advancements in the cutting head, according to
some embodiments. The design in FIG. 10A shows a cutting head having a bevel on the
outer surface of the cutting teeth, and the device cut poorly and gouged soft bone. The
design in FIG. 10B shows an oval cutting head not having the bevel on the outer surface of
the cutting teeth, and the device had inconsistent cutting and gouged soft bone. The design
in FIG. 10C was shown for a comparison result using a ring curette, and the device gouged
soft bone. The design in FIG. 10D shows a short cutting head with a single “talon” or pincer,
and the device showed the most appealing results to date with optimal cutting and no
gouging. FIG. 10E is another proposed design, configured to perform with the efficiency of
the design of FIG. 10D, with the addition of a second talon that bends away from the lumen
of the cutting head to serve as an additional talon and blade guard.

[00091] The method used in this example was as follows:

1. Cutting a pilot hole of a 5-8mm dimension in height and width;

2. Pointing a 15° tip parallel to the vertebral endplates to cut and expand the cavity medially
and laterally;

3. Gradually shaving down the endplates to hard tissue (cartilage or bone); fluoroscopy
was used to verify the depth of the tip; the tip was used to shave along the curvature of
the endplate; shaving was stopped where bone was exposed (hard, rough, sticky, and
red aspirate identified as the endpoint); and, the handle of the device is tilted (i) medially
to decorticate lateral side, and (ii) laterally to decorticate medial side;

4. Sweeping the cutting head medially-lateraly against anterior annulus to remove nucleus

attached to the annulus and inner annulus as needed;

5. Pointing a 40° tip contralaterally and start shaving from posterior annulus while tilting
handle laterally to remove bulk nucleus; and,

6. Rotating the handle toward the endplate to further decorticate.
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Example 3.
[00092] This example describes an alternate embodiment that was tested, referred to as

the serpentine or bayonet configuration, in which the rigid suction tube 488 can have at least
two angles; an angle ©4, and an angle ©s.

[00093] FIGs. 11A-11C illustrate a bayonet-type communication between a cutting head
and a suction assembly, according to some embodiments. It was discovered that the distal
end of the rigid suction tube 488 can be redirected in bayonet, or serpentine, fashion in
order to facilitate an improved access of the cutting head to a target tissue during a
discectomy, for example. As shown in FIGs. 11A-11C, Angles ©, and ©; can each be
independently selected to range from about 0° to about 180°, with the limitation that (i) the
net angle, ©,4, that is realized between the central axis 415 of the lumen 410 of the cutting
head 400 and the central axis 497 of the rigid suction tube 488 (extended as directed
proximal to ©,) ranges from 0° to 90°; and, (ii) the distance 498 between the central axis 415
of the lumen 410 of the cutting head 400 and the central axis 497 of the rigid suction tube
488 can range from about 2mm to about 30mm. And, in these embodiments, the central
axis of the lumen can have a point of exit at the forward cutting blade, and the point of exit is
located at a transverse distance of about 3mm to about 25mm

[00094] In some embodiments, the distance 498 between the from about 2.5mm to about
25mm, from about 3mm to about 25mm, from about 4mm to about 20mm, from about 5mm
to about 15mm, from about 3mm to about 25mm, from about 7mm to about 12mm, from
about 8mm to about 10mm, or any range therein in increments of 0.5mm. As such, the
distance 498 can be about 2mm, about 3mm, about 4mm, about 5mm, about 6mm, about
7mm, about 8mm, about 9mm, about 10mm, about 12mm, about 14mm, about 16mm, about
18mm, about 20mm, about 22mm, about 24mm, about 26mm, about 28mm, about 30mm,
and any distance or range therein in increments of 0.5mm. In some embodiments, the
distance between the vertex of ©; and the distal end of the cutting head 400 can range from
about 5mm to about 25mm, from about 6mm to about 20mm, from about 7mm to about

15mm, or any range therein in increments of 1Tmm.
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Amended Claims

WE CLAIM

1. A surgical, tissue removal system for removing a target tissue of a subject, the system comprising a
cutting head having

an outer perimeter that circumscribes a lumen through the cutting head, the lumen having a

central axis;

a forward cutting blade on a distal edge of the outer perimeter, the forward cutting blade
configured for (i) cutting a target tissue in a forward stroke of the cutting head and (ii)

directing the cut tissue into the lumen; and,

a blade guard positioned distal to the forward cutting blade and configured to guard a perimeter
tissue from the forward cutting blade upon the forward stroke the blade guard having a
width that is smaller than the width of a transverse cross-section of the lumen to facilitate

entry of the target tissue into the lumen on the forward stroke.

2. The system of claim 1, wherein the cutting head also has a backward cutting blade for cutting the

target tissue in a backward stroke of the cutting head.

3. The system claim 1, wherein the cutting head also has a transverse cutting blade for cutting the target

tissue in a transverse stroke of the cutting head.

4. The system of claim 1, wherein the cutting head also has a transverse cutting blade on the blade

guard for cutting the target tissue in a transverse stroke of the cutting head.

5. The system of claim 1, wherein, the cutting head is further configured for an operable communication

between the lumen and a source of a suction;

and,

a suction assembly in operable communication with the cutting head, the suction assembly providing the
source of the suction and comprising an at least substantially rigid suction tube with a central axis
and creating the flow of suction for removing the target tissue through the lumen and out of the

subject.

6. The system of claim 5, wherein the at least substantially rigid suction tube is formed as a single unit

with the cutting head.

7. The system of claim 5, wherein the cutting head also has a backward cutting blade for cutting the

target tissue in a backward stroke of the cutting head.
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10.

11.

12.

13.

14.

15.

Amended Claims

The system of claim 5, wherein the cutting head also has a transverse cutting blade for cutting the

target tissue in a transverse stroke of the cutting head.

The system of claim 5, wherein the central axis of the lumen is at an angle, 8, ranging from about 5°
to about 90° from the central axis of the rigid suction tube, and the forward cutting blade is located
about 3mm to about 25mm from the vertex of the angle, ©,.

The system of claim 9, wherein the operable communication between the cutting head and the

suction assembly is articulating, and the angle, ©,, is adjustable.

The system of claim 9, wherein the operable communication between the cutting head and the

suction assembly is rigid, and the angle, ©4, is fixed.

The system of claim 9, wherein the central axis of the lumen has a point of exit at the forward cutting
blade, and the point of exit is located at a transverse distance of about 3mm to about 25mm that is

orthogonal to the central axis of the rigid suction tube.

The system of claim 5, wherein the central axis of the lumen is at an angle, ©, ranging from 1° to
180° from the central axis of the rigid suction tube, and the forward cutting blade is located 3mm to
25mm from the vertex of the angle, ©4; wherein,

an additional angle, ©3, is located 5mm to 25mm proximal to ©4;

angles ©, and ©; are independently selected to range from about 0° to about 180°, with the
limitation that

(i) the net angle, ©,4, between the central axis of the lumen of the cutting head and the
central axis of the rigid suction tube located proximal to ©3 ranges from 0° to 90°;
and,

(i) the central axis of the lumen has a point of exit at the forward cutting blade, and the point
of exit is located at a transverse distance of about 3mm to about 25mm that is

orthogonal to the central axis of the rigid suction tube.

The system of claim 5, wherein the target tissue is a nucleus pulposus, and the perimeter tissue is an

annulus fibrosis.

The system of claim 5, the cutting head also having a backward cutting blade for cutting the nucleus
pulposus in a backward stroke of the cutting head;

a transverse cutting blade for cutting the nucleus pulposus in a transverse stroke of the cutting
head; and,
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Amended Claims

wherein, the cutting head is configured for an operable communication between the lumen and a

source of a suction;

and,

a suction assembly in operable communication with the cutting head, the suction assembly providing the

16.

17.

18.

19.

20.

21.

source of the suction and comprising an at least substantially rigid suction tube with a central axis
and creating the flow of suction for removing the nucleus pulposus through the lumen and out of

the subject.

The system of claim 15, wherein the at least substantially rigid suction tube is formed as a single unit
with the cutting head.

The system of claim 15, wherein the central axis of the lumen is at an angle, ©4, ranging from about
5° to about 90° from the central axis of the rigid suction tube, and the forward cutting blade is located

about 3mm to about 25mm from the vertex of the angle, ©,.

The system of claim 15, wherein the central axis of the lumen has a point of exit at the forward cutting
blade, and the point of exit is located at a transverse distance of about 3mm to about 25mm that is

orthogonal to the central axis of the rigid suction tube.

The system of claim 17, wherein the operable communication between the cutting head and the

suction assembly is articulating, and the angle, ©4, is adjustable.

The system of claim 17, wherein the operable communication between the cutting head and the

suction assembly is rigid, and the angle, ©4, is fixed.

The system of claim 15, wherein the central axis of the lumen is at an angle, 6, ranging from 1° to
180° from the central axis of the rigid suction tube, and the forward cutting blade is located 3mm to

25mm from the vertex of the angle, ©4; wherein,
an additional angle, ©3, is located 5mm to 25mm proximal to ©4;

angles ©, and ©; are independently selected to range from about 0° to about 180°, with the

limitation that

(i) the net angle, ©,, between the central axis of the lumen of the cutting head and the
central axis of the rigid suction tube located proximal to ©; ranges from 0° to 90°;
and,
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(i) the central axis of the lumen has a point of exit at the forward cutting blade, and the point
of exit is located at a transverse distance of about 3mm to about 25mm that is

orthogonal to the central axis of the rigid suction tube.

22. The system of claim 15, wherein the backward cutting blade is positioned on the distal edge of the
outer perimeter for cutting the target tissue in the backward stroke of the cutting head.

23. The system of claim 15, wherein the backward cutting blade is positioned on the guard for cutting the
target tissue in the backward stroke of the cutting head, the guard having a double-edged blade tip
point back into the lumen at an angle, ©,, of greater than 90° to trap and/or cut tissue in the lumen in

the backwards stroke of the cutting head.

24. The system of claim 15, wherein the transverse cutting blade is positioned on the blade guard for

cutting the target tissue in the transverse stroke of the cutting head.
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e M, FEFEL S T K, PR EEA K0T LU BERL , I HLIT IR R 4 23 m] LA 4T 43R
[0023]  [AUtL, A Tk 4 — M THER R VT BR R ISR R B R 4, IF Haz SRR
bR R A] LAFEEDRI 13K, K TN B A B BEREEZ . 7k s 7y 0, ik
RG] UALEE )3k, & IS B A AN, AR e 72 R ) Sk AL s 9IS
JS BT A FE PR » B o s 5 |2 P o Wt s i i (R 0380 20 A& S AT I D0 70 A2 T ik A
FE Wz il 2 b, Bl sHAT DI E J) R aE R (D 7E TR TS5 B Rt b R vh D) ol iR i A% A
G ¥ T sEZ S 1 22 TR WIET s8R R U1E1 7)), 28l 5 W UE 70 T8 Bk T3k 1)
I (B R A B BT e R R g DI ), A e DD ) T AR B ) Sk R 1) b R R
Pk sa Rz s IR )B4 48 % IE 2B A T B sA A U181 7 i v, 3 5 rdk U1 E)
JIBTA AR 38 A A8 I J gk p R I B B B B AT I DI TI VIR AT 4. IF 5L Brdk b1 J)
Bi 4P A 1R 5 B, 910, T AN T B P s P 1 1) 6 82, DA DU T Bk SR 4 2R 75 B ik iy 2F
MR EEA IR RS

[0024]  JRIAZFILBFE—FNHIR BRI RN 7. RS 7y A, ik 75
] CLELFEAE B br EiliE TR RA 0T O B AL T I ) Sk I TR T O, B
FEa BTk B bR TR SR 2R AR AL RE PR SR 20 2R K R i b dS AT A 7 i HEE TR )
Sk, BB TR ERA 2R . Pk AR ) 5 i m] AR ) R &, 1% ) R e AR (D) 2/ REE 4
FIIR J1SK R IR PRI rh B Ze i T B AR B, (11D 2/ REE AL 3R T iR SR A 2R ) ik 3R 1)
RF, ML B A TR IR A B AR IR B . 3 B BTk T ] DAL
PRI JJ 3k 5 s oy Jis 1) T IR B2 21, 5 HAT P iR SR A1 2R 88 B o i Pk oA Jis 48 HH
B HFRo

[0025]  FERELLST 7 b, Bk A VA ARG AR AL FE T IR B ZH 2 B 3R 11 v RS 1 ek
AL T 1)k, U R IR B 2R BTk sii s (77 M R &, % R s (D) 20 RE
PERLFE BT IR T) SR B ids N I R Ao B 2R 1 T R B, (1) 22 /0 K EEE ARG P ¥R 217 B
R B, I H (111D BB T A TR UIE 7 B4 R 3 1 i 412K

[0026]  FEHEALS i 77 A, P U5 B RS P R AH 2R R 3R i AR e Ty e A
WHFI Ik, URSERBTIAREZLZ . Pl ) 7 v LS ) R &, i R & (1) DL A
FIIR T3k R T I Y R R Lo e BT THT R 2 16° 22 K2y 160° BN Mg, (1) 2
DREAEBFE TR MEA R B, IR B (111D Bah2 5 H Tl U1E] 71 R 311
P Ji 30 AR 23 B fid

[0027] AR FiLts—FrHFLE PGS (obturator, guard cannula), 1% AL $7 8 & 4F
A IR AR DI FREE ST RS bR, Prid 40K 150 RFFE AR UIEIRE A 2
PERE o FEIX LSt 7y X, el B 43 B nT LA RE N 18, 2 L8 BT P A A1 i R bt
[T (irrigation port), Myt VL HTIA N FIFI BT IR A1 i 2 18] s A 1 I 40 RO 48
(split—tube), A& HA om0 F Py 5 o FEIX LSt 7y =X, Fd i & () i m]
PLCiD BRI Bk N T KBk Py R R 22 20—, 98 HL (1D 5 Brad st D] A b %
FEIX St 7 b, PR 18 A TR ERL, DLk B Prad ik O B b e Ak, o o ik b ks
WARIG L 2 FELH ZAES, 9 4, A8 BT IR 6 A B Y I 3 T o4 B ads s it 4 A i i ot 1
% 50 22 i 6 & R 28 Ui o

[0028]  JT Ik X A8 1328 s ks W] DAL A sl AR N i B 75 AT S 4 o A9, P ot s v
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AL A RER AT/ BRI o £ 28500y Crp, Pridvi s vl LA 22 /0 KECREIY , LA
G AE PR i g N V2 SR A I 43 DR BT N VAL ik e TP IO B W] BLAE K2 10cem
FRZ 60cm (193 [ P, HF HITIR XS I HE I 95 K] DAL K Smm A2 K4 16mm (G FE Y. 1
G, BT s T8 IR 4% Csplit) ml LAAA jle B] B, 122 8] B AR 06 2 AE K24 Amm 22 K40 14mm )78
FIWN, Brid REEAE TR SR AR B HAT AR E L

[0020] 4y LRIk, BEALH 3 ARG W] LU T A H b BB BRAE A AN 25 F TR R, %
FARIEFEALFEB U, 2 IR B sl IR B DIBR A o AR LE St 7 S, FURT B 8 (K B
RAMEHIFNEE W] DO MER) S VIR E o I HL, AEREEE St 77 20rh, ik A VAL 23 iR 1)
ipaoy A SRR AN R AN IS RANE L AR AN o £ AN RN 41 7 G g wb
ARG o I, RSy b, Pk #E AL 20 n] DAL S P ik 1% o

[0030]  FTR# TR FIOMRHAZIE IR TR, MR Bk T H AA SR IR &
GNP E  ZSN R Bk T HA AL 0T 1 R GBS e st 7 SRR R
o AERLES T A, TR S RHH AR B R m] DO MER B DIER T R AL, 7R R4 S
J7 A Brig N A SR 17 P BE A K BT d B bR (1 B S HEA L A e 2 21 4
A2 B O BB A S o I, i B2 20 m] DA 1 R A8 St 77 =0 Y
% o

[0031]  Prik 4 ikt — A Frid TRBEREA LN ik, ARSIy b, prid s
ASEAE H s EHIE T REEFEH NI O of Bk TR T Am A o i prid TR
FE N DB PRI E R BTk R i A 27 i ik ot O, LRI Brid B bs b 148
IR, RIS BT 8 BB i 37 B N V228 o A2 KA 7 T, R R B iR 22 ok
RGN T7 55 AL B I R LE T IEAR R AR BL o A AN B30n] LB ) SR 3 Ao TR,
P HER) B VIR AS, il 4, £6 B iR A T B D) BRA , Bk #E A 200] LU 8%, IF LTIk fil ik
LT LU EFYERN o AR GUSECAR N 5138 T] LR R AE AT ik TR BB ir 4, 47
FEAT B T ORY I R XA T AR A (% 1 P ik B AR L B ZR LA 2 m e A 20 4 4
IR IME RS O, SRR S

[0032]  AGUEAN FOR B AR, T BedE S M i B ISR St Ak 48 3 1 st 7 5K, OF
HAGEAN G B 2, SEAL SR AL 2 A 45 22 Bl AR i 9t U 5, OF Hoal DU Ak
A PINES S sEC P

Ff ] 152 BF

[0033] & 1A 22 J& 1D JE7n T AR B I e st 77 51 2 PP R 16 7 Sk g5 04, ] LA A5 6
(stock tube) Hili& Bk T 2544 5

[0034]  [&] 2A 22| 2E JE7R T MR FELe STt Ty X VIR 2) 45

[0035] ] 3A 22 3C o T AR Hh LSt 7y X BT R ) 1 7) 6 R BB R T

[0036]  [&] 4A 22 |&] AC JE7R TR I LSt 7y X )3k

[0037]  [&] 5A FE] 5B fE7R T AR FE Lt 77 ) T 2k 500 [ A1 fE Cangulation)

[0038] & 6 J@7x T AR FELe st Ty X AL 9

[0039] & 7 JE7/R VARIR AL S Ty AR R B bR TR

[0040] & 8A Z & 8C fEuRn T RIS FELe st /7 M AMRML R B B R g ok T H, %4 RHA
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CN 103327913 A W BB 6/16 TT
Ik 22 e L = n] DA F e 5 1) B A T e, FF BAS TR B P FL P P4 22 258 AT

(00411 P&l OA % S 0 R T AR HAL S 7 AU 2t IR T3k e it
[0042]  [£] 10A 5] 10E Jib/s T AR5 KEAESiHi 75 1 T3k O Cadvancement)
(00431 [E] 11A 5 [E] 11C FEAR T AR5 HERE S i 7 2 0 70 SRR AL P22 o] (e 1152

(bayonet—type communication),

BARLHER

[0044]  JLACFRMLI R E &4 — M2 2am 8071k, I SH TSN RFEAR T YRR B
br EREEAZE . Prdk R4 23 mT AR HRAE ] DUE /N AR AR T DRI 2R, il hn, ¢
AR (il an, 2 A AR BHERI A ZH 23 (o, BER%D . TEFRELES Ty Arh, IbAb B SR E T
LG — B BRI R R 3E E (orthopedic tissue removal device). fEH-tbsoifi =\,
AL T I3 B AT X-LIF GHEMI RS A OB\ T-LIF CHE[R] il 1) 28 A (transforaminal
approach to intervertebral fusions)) IFE.P-LIF CHE[REIE )G A T REsk 28 B2 1 HE
)3k N\ (a percutaneous, transforaminal approach) (FE =i N (Kambin triangle
access)) HEAHHM.

[0045]  FEFRELES iy b, ARG« HAR” F1“ 387 nf DLAZ#:, 6 H “ HAR” f1“ 387 &fq
W) %S0 AV FLBh ) A FLB AR AR T HE RS GE WA 8 5
RO PR GE M, BN . Ik, R “ HER” f e g7 en] LNV THEA A
WG s GAE N & AR EARR TIRBE I ) w7 %

[0046]  JiTik JJSkm] LLA BAG )% 3R 10 B AEDIR, & DI EI R 078 Frds ) Sk i i o 8 32 F &2 /b
TERCES — 1, BT IR T S 55 AW 20 8 vl e VR Hbode i, DUE ok il 25 &5 U RS o P a2 2317 7 =X
DIRat 4127,

[0047]  JriRUIEI K ] LLR, 40, ~F~ 1)« 1E5% it 88 B BL8E 4 T2 11, FF H ik U1 #1281
(RIS — AT LS 0 o 12 0 o NS BTIR T) Sk rh Lol 5 1 AT IS B S5 38 3] 75°
FEFL St 77 Arh, Pk )R i a] DUEA S 0, & i m] LUB A 0 o, 1M 0 5 M
SRR TIL OB IEAS I B B A R 75° o fE a7y A, Bk J13k B D) #|
PAR IR DA UrE Al Rt E = DAY b kAl et N R I b AR ko ae S 37 a7 o DAR VI EA B s S a9 i)
KL 0 Ff 0 TR HE F 0° R R T75° R4 5° 2 RAT5° LKA 10° 2
KLY 70° RZ 15° 2R 656° KA 10° KA 60° KL 5° 2R 5H5° KA 15°
2R 50° KL 20° KR 45° (KL 15° R4 40° (KL 25° K4 35° HIVEH,
B AT DI L B AR S A B A 0 10 R E AT

[o048] & 1A 28] 1D ferR TR HE FE 2l st 77 X ) 2 MR I 1Sk G5k, %13k G5t m] LA
HAE M (stock tube) Hilp. K& 1A 7R T HA S —1H 105 K JIKEH 100, 25— 105 JE
JSA O gy 1S I 105 IEAS TS 100 [ I FL g 110, Kl 1B s T HA S 1
105 )3 EH 100, 55— 105 5& 4 100 [N IS PLIZE 110 TERBEMA 0 &, X581
0 fE1° 2RL75° MYEHEW. B 1C /R T JISER 100, Z T SKEM HA %1 105,
ZF T 105 588 100 BN FERT O BNZE 110 2 [BFE B 0 & IZ8LMA 0 (E1° 2K
2975° WRGHI st AR TSRS M B 5 0 105, %358 10 105 R 0 g, 5 10 105
S5 100 BIAEE 110 B DEIERIEAS . B ID R T JISKEH 100, %I 100 A
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W1 105, %51 105 558 100 (A5 110 (KRB 0 w %81/ 0 4 76
1° #RA75° KREHEW 3 BT JISE M HA S 10 105, %55 1 105 5844 100 [
PSRRI 110 Z AT RRBLA 0 g IZBIA 0.6 /1 1° 2R 75° KIJEHN.

[0049]  mJ LA A A ST H AN 53 OV RN 11938 A8 FH AR 119 280 S 09 A B BE (48 =M ekl
18 TR TSk o 50, 7 L0 ST 7y 2 A aE A A R OR T TR A C30 sl B R T [RR A C45
[RIRE A ko AEREBE STt 7 =, B ik V1K DL RE 8 B R AL o3, i A4 - [Pk
ANEEAN RN R BRI AR . E s it )y b, AN T LU R
304 ANEEAN 316 ANEEEN . 17-4PH ANEEEN 400 2 41 I ANEE AN Bl 33 (T A AT B RN 53 B2
(13 T LA S DI BN ThRE I ANEE AN A B) o B R st Uy 2UHp, ] AR FH AR AL &l Ccobal t
chromium) AL ES (tungsten carbide) B M EHEIVETIA T] 3k,

[0050]  JE i BT ik JJ Sk [ IR BE JE R LU, 461 4, 0. 0037 42 0. 0207 2 (7], 55 H Rk Hh, oA
0.005” 22 0. 012" Z (Ao Jrid J)Sk R i fA ] LAZE 0. 120 P05 ge~F 22 1. 5 P 5 9~ e
W, B, AR RSt 7 2 rh, BTk TSk R T AR AT LAAE 0. 180 ~F-J7 Je~f 22 0. 400 ~F 75
BTG Y . TR T B BT LAZE 0. 0807 22 0. 4007 B A [0 [l P , 7055 265 i 7
A, WTEAAE 0. 1607 22 0. 2507, 7EFELUSL 7 XA, Pk ) Sk i) e KR i R ST 72 3. Omm
£ K2 20. Omm 2 [8], 7E 4. Omm 22 K2 15mm 2 7], £ K27 4. Omm 22 K2 12. Omm 2 [8], 76K
25 5. 0mm £ K#) 10, Omm 2 7], £ K2 5. 0mm £ K425 8. Omm 2 [7), 5 AF HALEE I 0. Lmm [R4F:
EVEE N FERELesST 7 A0, ik J) Sk B K2 4. 8mmy K4 5. Ommy K # 5. 2mm, K
25 5. 4nm. K27 5. 8mm. K2 6. Omm. K2 6. 2mmy K4 6. 4mmy K2 6. 6mm. K% 6. Smm. K4
7. 0mm\ K2 7. 2mm, K2 7. 4mm, KZ) 7. 6mm, K2 7. 8mm, K% 8. Omm. K2 8. 2mm, DL Az AL
¥ o, tmm FERE HZ.

[0051]  JJ 3k fr) 3z v FIAC W] LAAE P ik 28— 10 B B3 Pk o8 — i b, sl e —F 4 &
b I H AR U R i w] DO AT B AR SR N RN AT DD R SR, 45, A
St 77 A, BT 1B SR T R BL A I J) R 1 Crazor  surface). B A 12 3% 1T 8K 1E 5% 3K 11
(sinusoidal surface). HIRZARMMEF AN G2 CADIE] 7] vt IF H T LR A ix gk
TP AR Pl i, Prad U102 n] DLUEA A AT S Z A AR . 24N Pk i 2 [ )
() B AT AAH 80T LLARA,, 3 HLT iR o6 A )% B2 nT LAAR S, ] ELARAK, 3 HL T AR o A
WHEAE RS G o TERELESTE Ty X, ik s B AR 1) 7 g ] LT IR JJ 3k 1) i iR B 1
RSy (remainder) WIJT M ks o 75 FELE ST Ty A, Bridkih 5 BT ik JJ Sk i ik BE 1 e 4
0853 J7 U AH [R], 415 Frads o4 A B ) Sk 10 BE R ZE A, T AS 23 5 ) TR U Sk i A s 161 7 1)
R, B AN B TR TSk I A IS O o AR st Ty 2, B B ad v 2 sl v BT ik
TS N s 57 1) AR 45 BT o 50 2, Bk BT RT LA A R ) 326 0 B 1) 28 29 e A R 0
H HAZI 7 A Ge i i TSk 40 ] i v i ¢ B . AE L8t 77 0, B (0 o & ¥ 1) P
N R AR S 7 A, BT ORI B TR P . FESRESe sy S, ik 24
VIR S5 AU A R e G 8 ks o S o O L, AE SRR s 7 A, Brid 2 AN, A
UL 328 5 5 Jar AR 28 3 9k V1) 71 38 T 5 1) ARG B BT 3R A s 5 A 25 B 3R 143 B 458 B ok 71 ) 32 o 32
GRIN P AR IR TE R A o T IR ] LA 52 A Rl L -

[0052]  [&] 2A 2] 2E R TARPR R LSy KU ) S5k . [ 28 JEoR T R R T
S S RO 5 R AR . B 2B o T RN AR E . B 2C R T
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IRERARH K. K& 3D R T EEIGE N LSRR K 3 A AR K. 3 H, ¥ 3E J&
7N T TR S 00 5 ) AR S T

[0053]  FrhEdbsizil 77 X, W LLES & 1B ik U181 7) pse Bk B VIR ) 254 o ¥t v
E ) AU AN O B, A 2T 1 ) Sk mT LUESR 2 MBI S, ), B shE .
FEUIIAE UL B EFIES JF IBIE o BRI, IR R D)1 7] ()28 B8 ] LA 5028 A s FH AR 4
BAEARN G OB DIE TR . AEFELe STt )7 S, ik 2 R o 75 R LL STy
Ao, Bk 713k mT LR RH S B U5 FREHET U, CABR T S U0 #] 8] Cspur)” Z A b4
AT FIZR 10

[0054]  [AIL, T T ALFEE R I ) Sk, A E R VIS TR B b EERA 2. 3 A,
Bk 8 m] LI 4K i BA TRk o, R4 IE 078 R IR oA /N1
B LB I TEE S WEIRG ), TS AE R8st 7 A, v DA S M 5=
(30 sl — B MEs G, EF sy 04, R R

[0055]  FTik JJSkml LA EA 2 RS B U1 E) ) (0 an, s ET B P1%0 20 50 5 i D1 E) 2 FIRE )
IR 7], LR VB SR (45 A DI BE P 2R, sl Hifh 77 A BB B A 21, AE S dt
SEHE 7 2 Bk TSk BA s IS R VIE 70, %50 5 0 D10 7) A AE TSR S iR U
IREBALZR A 1] (RO 70, AR ) B0 0 20 T8 Bk TSk ks g b R D) BT iR BE A 2R
B S a I E TV ) i P E IS S I F 90 AR FELe syt 7 =, B ) i by 7))
DI F Bk U180 7B 4 4 b BT AEFTIR T1 Sk B ) b f b B A 21

[0056] & 3A 22 &] 3C 7R TR ¥ Fe 2l St 77 X M ST I DI V)56 B AR ki . P 3A
N T - WIMPIR 24 . B 3B REaR THERLEDIEI V)RR . I H., Bl 3C R T eI E
TVRCER . [RIFEHL, RCY AR B, BTk U1#) 7) n] DLk et 2 B (T8 250 GRS Bl 0l
BB B RUE) B L AR R A 28, LU BIMTE RO A A LA B by (BLEEAH L TI#] V)
Jr B E R DD BEHIRIES D, LUE AT AR R o A R B TR 41 21

[0057] & 4A ] 4C FEoR 7RI FELe Sty K ) ko B 4A FEoR T BTk ) Sk FIRMLE
I B 4B JE/R T BTk JISL ALK . T3k 400 B LLELAG 41 405, %48 4 405 FRsE T 28
J13k 400 BP9 R 410, X IE 410 BAA 02 415, T)3k 400 1&0] DLEA FART K U1%] 7)
420, 1ZFHRETI VI E] 7] 420 47 48 405 (il 2k 425 b, BT Y1 7] 420 #i% Sk GOLE
713k 400 W RTEEMPFE D) EIEEAH 2 RO HD, FF H G DY) FRRA S| 2R N s 410 1,
FH., 713k 400 v LLEA DIEI DB 430, Z IR 7) B 4F 430 A7 T-5ARTII I 7) 420 1)
T8 3t EHLAG)IE N A BTk BT 3E R P g 1 I 0 28 CR 7 1D #1070 420 D), b1 7] Bl
430 158 BE 433 /T P9 5 410 ORI 1K) 58 422, CLLIME T Frak SE 4L 2370 prads gy ik rp e
HEEN Y 410 HRo FFH WKl 4A B 4C B, BT U3 7 B 4 i R i 409w BLA
VI, B A REER g D2 1, LA TR g D)

[0058] i T Brik JJSkw] L v 8 i A A 444 BERAZR, P LU rid #F ite— )
LIRS, % RGBT TSk SR 44 484 (N T 3o Al #dE b . Ik, B 4C
WA THMHAZ B R RAR, ZIMHAL B R RAAREE RN T3k 400, 1% )3k 4100 H T8
b HFREIEEA L CRoRHD . I SMRMAZ R B R 40 0] LULAHS J) 3k 400, %)k 400 HA 4h
il %40 R e 2 i T ) 3k 400 B 444 5 RIS 410, 1% IS 410 FHAME 405 FRE, IS 410
SR 444 3 B BA TLRZE 415 sFHETRITIFI ) 420, Z5HETDI#] 7] 420 7740 & 405

16



HK 1197964 A . .
CON 103327913 A OB B 9/16 T1

(R i i % 425 b, BRTHITIFN ) 420 fa3& 2k (D) 783k 400 ATk R ) FIFEH 21, IF
H GBI TFREEAL S S RN 410 | A8 JIB 4 430, U0 E] 7] B 4F 430 A7 T
AEAS T SHRT R VI 7] 420 W5z o I HASE A0 B i g gkt e b By 10 i 40 2R CRos HO 3 A
RIEIEIEIT) 420 LIE,

[0059]  FTidk JJ Sk m LAAANIE A m 45 VR HAE N Jis 410 FFhIRIR 444 2 ()18, R, R4 400
ALRERR A 484, %3 41 484 5 T)3k 400 AT 1 VE M, ULA= AR 444 i, LA T
IR FEA 2R 2 i IR 410 B 5% 22 ik B bRk, S AL 484 A 55 WM ) fh W 8 488, %4 I
B 488 Ay g, 7EEEsiti 7 A, Bk ] AR O RS R A — A s AN i
466, 1AM 1 466 A7 T 5T V] Sk M A ) fizs o 14 Gk 1) e 3 o (RS2 S 7 X, — ek
Z A 1 466 7] UL T 52T 760 10 2% 425 10 BT 55 K20 3mm 42 20mm Ak T IR 24T
IR PR BB E AL PR, A AR N K PR, 7S BR A2 R b, 57 W] LUE i
FLA (R DX I3 P AR IS, BAM R 2 SUE T DL R, A5 ) A 1 n] DL BEAG Bl 25 1 )
B 2T AR X iz S E i FhW O 466 0] DL T AANY =<, LLBERAETF R
38 Data S R

[o060]  7EAR 2 St 7 2 A AT AR ARSI AR 52 AN IR s fh R AL S5 4 o AR BB
W T A R 2 A 484 AU 4R A2 b R B PE IR B 488, i 8 488 HoA i um CR7x HD
AT 499, %70 499 A FRAEHIE B T1 3k 400, 3 HAiZugim 499 #)3% k%8 H Tk 2844
484 AR 444 . FEFLES 7 N, 20 REMIMEHhI E 488 WT LAY JTk 400 TE ik
— AR, T 2D RENIE W] LUFR TOA A M IR, B AR A NI ), 48T AR L A
B A AR R ARIS BT /3 I D e o 49 2, B 5 IS Dy e T LA 378 Bk B s AT pirid
T3Sk i BEL Al B B35 1 2 B4 TG At 5 PR S R A B B B 7 [l () — DB A AR AR
[0061] T RAMIAR T 4% A I REAS 71 A R) 5 U] 53 A o SEER PR JdA R B R 20 2R ) T =k 400
(KR H (dimensional ratio)e “Br&E” H T REZRIE/D AR FIEBOITIR RST H
TCA A e

[0062]
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PR 402 403 404 401

Tk St Sedt e ID-J24 | 403/402 | 404/402 | 401/402
Hiz (Pincers | HIER | Simla]bg
(in) Height) T gk (in)

(in) A
(in)
NEEE | 0.203 0.098 0.080 0.085 0.483 0.394 0.419
KAEHE | 0.250 0.140 0.125 0.104 0.560 0.500 0.416

SEH{E- | 0521 | 0447 | 0417
Flig FER 0.7 0.7 0.6
HipFL | 03 0.3 0.3

[0063] NItk Ffy ek R /8 TT DA 36 AR ATk b AN 5 A0 9 3 1 e Ak 280 AT B A KL
A5 2, A R e R 7 T DL R AR AR AR N 51 DA 2 I A R 1 L T R R AR T R
(surgical steel ) JERIBIM M. 755 £e Sl 77 2, B i WP AR 8 ] UL S 5 B ik
TI A R BAR LA 6k o 78 5 2 5t 7 5K, DA %) ek 5 7 ] LB AN 75 40 2 T 1k
(PEEKD SR W fie B8 47 4 ol 1 B JEE M) LAy 36 5 O M RLLE Lot B A Pl 55 4 3Lk o P4 T
R, R Le sty b, Bl B JER] LLAE, 140, 0. 0037 42 0. 020”7 [a [ A, 31 H., 76
HELE ST 77 A, AT AR 0. 0057 22 0. 0107 S N o BTk sl B 10 N IR i ml LR e A
ZE VYT L0 CTEFLOND B /K i |2 (9l s B0t — R 28D BICIK IR 2 (i, 3R G EiiR & —
B
[o064]  7E Ll iz 7 b, NIV A Sl R S mT DAL 36 4 g il 2B 1 5 ) 2R A 0 B B
B A, DU 75 S TR BB 1) s it g s AT B AR e sy 0, ik
161401, FrEE B LE TR TSk 18— LR Ctendon) BT DAAS I TJ S AR T B W 1 f b g
BT R i LA B i W F b OB A 1 — b 1) 5 e Cguide) SEAH
[0065] ¥ 5A FIE] 5B JE7R T MR IR R Le st 77 210 VT 3k 500 (1M B . B BA JE7R T WIS 510
[y LB 2R 515 W] LS 7E R A OR i 7s D 584 I3 o 599 [1¥Fh Wit 544 1) Hh Lo i 45
555 JEHLA 0 %M 6 FE KLY 5° 2 KL 90° HyvalHE i, I Haiar vl 7] 520 m] LLER
B0 T AURZ) 2mm 22 K2 26mm &b AERELESE T F, 0, ATRAAERZY 2mm 22 K4
30mm. K% 2mm 22 K% 30mm. K% 2. 5mm 22 K% 25mm. K% 3mm 22 K% 25mm. K2 4mm 22K
2 20mm, K%Y 5mm %2 K#) 15mm, K2 3mm 22 K%) 25mm, K2 Tmm 42 K2 12mm, K2 8mm %2 K
29 10mm, BCUHALRE N 0. Smm AT EE P
[o066]  7EKELLsitE 7 sUH, AT P 6 HR Lo Al 28 5 BT S KR Bl IR 1 LBl 2 TRD 1)
0 FERZ 5 BRL90° BERIN, H BFTREIRTRI DI R Z) BB A 6, I THS K4 3mm
FORZy 26mm. I H., 7R 3SR 7 A, Brad i s 0 b 2 A 7R iR AT I #1 7) B
T, 3 LTRSS A T R4 3mm 22 K44 25mm (RS e BE A, BT IARORE ) BH S IE AT T T
18
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TR WPE [ Fh R () oL Bl R
[0067]  FESELsizylE 7y 2 UHH, Frad Py IS 160 Ao il 28655 8 B il b 2 41 140 328 g 1) e R 8 1
LB TR A 0, 70 1° %2 180° WYEFE W, I HEARTRIDIFI IBEE A/ 0 ) BT AL 3mm &2
25mm, {EIXAEsi 7 A, BAMNK A 0, AL TEEE A 6, Y Smm £ 25mm {7 B AL, HHA 6,
M 0, HARMSTHIEE A K2 0° & K2 180° KITEHEN, FERR IR (1) Bk J1 Sk i mhooa il
LR EEITA O, IR R 1 Ao B 2R 2 TRV 7% £ (net angle) 0 ,4E0° ZE90° [0 ;
I H LD BTIR TSk 100 4 s 16 Hh O Bl 2 5 ok e 1 el s 28 1 Hp o Bl 28 2 18D 1 B B8 7E 2mm
2 30mm 2 [7). [RIBE, 7EAA 0 FIA 6, < (A A A i) E B ] AR R 2T 5mm 42 K% 30mm 2
(B K%y 5mm 22 K2 25mm 2 [8]) K%Y 5mm 22 K25 20mm 2 7] K2 6mm 42 K% 18mm 2 7] K
2 Tmm %2 K2y 15mm 2 [8], B HALHE 0 1om REE TSN
[oo68]  FELELLSTi 7 XA, T3k 500 A ZH 41 584 - [A] Ity P 5 AE 1)l v DR EHE 11,
0 AT LA AT . ZESELESHE A, TSk 500 AW A 584 2 TR] ¥ R # A 1 IE I
AT LN, /0 ATRICA e R, RS Ty S, M 0 WTRATE 0° 2 KR4 45° )
TEHE P TERZ 1° 2 R4 40° BB FE R 5° 2 R4) 35° HSEHE A AFE 10° 2 K4
35° WIYEHE A LIE 15° 2 K40 40° FVEHN7E 20° 2 K40 30° [WaBl N, B3 7R sb Ak 1
e PRGN . RSl A, /0 AR KL 3° VK457 VK410° VK
15° VRZ)20° R4y 25° VRZ)30° VR4 35° K& 40° RZ 45° , B BbAL I 1°
TR
[0069]  FEFLLLSE Ty b, BTk 5 I UIEI J)m] LA T-40 8 505 iz imil & 525 L, LA
712K 500 IR [Blrfg o ) F Tk S ZH 21 o A1 R de st 7y b, 55 BRI 20 531 A] LA T
E )54 530 ., LIAE I3k 500 1)k [ml s b1 #| frk #E4H 21 . 18] 6B J@oR T B9 44 530,
ER P 530 HAVE 1R RIVIHI ) 531 (XL T) S , %R ) 9 LS I 500 ) Ca
2515 KT 90° 1A 0, BA TR N IS 515, LAAE J13k 500 R (Al FE H 2E W 5 510
PUEA/ SONEIALR . BT 5 DI ) 0 DhREWT LA BY DA (e gl B Bk (1 2121,
Bt AR SRR e sy =0h, 5 11 7) 531 A DUERRTE “JK (talon)” B “JefH (pincer)”.
[0070] RV Y ERAA KA, PhARHC T 10 BTIA JI SR R 40 A AU B AR B2 2401 2 B
o FERELE Sz 7 X, a0, RSBl 23] BL g A%, IF H B i 3 40 230mT LK 48] dn 41 4
Mo
[0071]  $RAL—F0H] T-HEM VIR RSB R B b R4, IF HiZAMN R R R R4 n] LA
AFEFH T M B bR B BREEZ R A )] ko B SUSiE 7 20, AR 2V R R 45T LUAD,
F : J13, % IS BA AN, ZANE R e 2 I BT IR TSk AL s P9 S, % N IR T IR A
FRE , F Bk o s 5 12 BT iR et s SHRT D10 70, 580 U180 247 T ok 46 8 1328 v
A% b R IE D) R R (GO ZEFTIR JISK K ATk R h DI B BT R BE A LD R
PIEERZ 5 S 2 iRl s BRI UIEN J), %8 5 U1 E ) A AR AT J) Sk R [H] g h
PIE TR BERZ SRR e (K DI 70, 12 0 (4 D)0 70 T8 BT IR 03k (R 1) b R Hh D BT I i
% SRV EN T) B4 D E D)5 3 4 B S 516 D1 770 (%320 v o EL AR 9 76 BTk AT
TERE A 57 1 BT A AT 1 DR T VIR T 43R
[0072] 3 AEMAERIRAELE T, T AR AR AL Pk 20 T 588, MBS AP ik J)
SKUIER A 2R BH 28, 9 Hal i e v A 2 H Y. B T IR AT an E S g sl ah /E LR

19




e 119796(11'?03327913 A i B P 12/16 T
BEL il K i B, JIT R ) S 320 v PR Rk 1 1) 1 BRUK 22 2D R 305 T Bl T AR A T Skz v (1) 5 |
i (leading to) JJkUIBR IR R AR A & A B AR I AR 3 28 S0 AL 8, 441 s oY
Jr s DU 1) ol W A T b T b P e, B3, 0 AR A U e (1) 2L 2 %0 38 2 1) s el W 4 12
(A At T A, 0, 7B RS S 7 3 rh, e 2 T R ) A 2R e 22 (i BB (collection
canister) PIHEIL M fLAL . FEFLLSE 77 A, R« 20 REGE T BkcE RE R 21
EL/NTE R P, AT DA e/ R AR AR o A0 Rl S 7 2, dn SRR A AR B A T v 1
AR [T PRI AR AR /S TR AN B 20%, ) s A ek AR ] DL &2 /b R 305 T ) Sk R ek 1A
PEHELO St 77 3K, 2 SRR R T AR B A s G T (R A T AR /N R 2 AN I K 2 3%, K4
5% KL T KL 9% KLY 1%KL 13% KL 15% KL 17% KL 19% SR Z) 21%, W ATk ks
FHAR T LA 22 /b 35S T il ) Sk AR sl 1 AR o Bl s A T (R TR AR /S R B AR L Ak i
DL 1% FEEE .

[0073]  JHIAHFILBFE— PN H IR BRI RN 7. RIS 7y 0t frd 75
Al DLV AEAE B br Ll TR LR T O s N SLAR BT 20 S 1 )3k g ok Bk F O, DL
1 TR H AR R EEZH 2R R A 08 I UG B AR (8 2, € D63 D % il ) Sk 1 2 i P €
B AT A5 s R AE A4 PR S A0 2R 1 3 1 by A AT 7 1 HE R i J) Sk DA B B ik RE A
20, [R) B S, DABHWR BRI A U0 2088 . BT S RT i g vl DLV S R &L S R R
7E (1D 2/ REE AL P ] Sk I Bk P B i v 2k T BB 3y, (i) 22/ KEE AL HE
PR ¥EA 2R i EAR S, i) 3 TR UIE ) i R i A A R 5. 3 AL
ik 75 120 CLELFETE AT Ik 7 3k 1 P I PO RECA 20 21, 3 FLKs B 20 2R 28 ok ek o3 s J 87
HITIA Hbr .

[0074]  ARIE“H /D KEAE - 7 0] LLER, 76 1% (0 H AL 30T B R G 7= A 1 R4 A
T A7 B B B A SET RS A T 7 (KA, AT LLSRAS T K Zhe. 4, « &2 /b K3
LG TR 13K ) BT It P Lo Bl 2R 101 7 B¢ & /b R EE LR RE 20 2R 1 2R i b T A
T8 TAT T ECKECPAT T Il 8 83 1 A7 B S 30, (ER 240 B mT B8 i 525 555 B 1) T B3k 1
K2 Lum 22 K%y 1omm, BE B8 77 MW R B K2 0. 1° K2y 20° o “A2/0 KRB &
(measure) Hl THAANIGG LU ARG Th AN BESRASRE TN & BORS 0 6 B, (H R AN Al
AN BT LR H R Zhae . a0, 2 5 0] 68 ) medE g5 RAH LU, 995 1) 45 SR mT LUk
et a2 2/ KRBV R g R TEREeszf 7y N, 27T Be i s AR 45 kg5 2> T 10%.
BT 16%. 20T 20% 2 T 30%. 2D T 40% B0 T 50% Ty 2 /b KBRS T {4 R . 78
FeBe st 7 b, TET] RE R SR 45 RIS K2 5% 22 K2 30% K2 7% 22 K2 356%. KZT 10%
$ORYY 25%, B HRARIE N 1% B EE P AL E 2 /D KRB RIS T R 45 R o

[0075]  FEMEIIAL I ER A, W] DU BT ik H B 1+ 1) 28 i B 1 o422 ik B s vh () ik
1, A [ 2 1) vy B (K2 Bmm 22 Tmm (KGN o 7EFELE ST T X, Brids B Ax e 9 prid
O E RS AT RAZE R Z) Amm X 4mm 22 K24 14mm X 14mm (96 F Y o 7R 285 77 20, Bk
ORI ELA K4y 10mm X 7mm,

[o076]  FEFHEALSE 77 S, P U5 B RS P BEAH 2R 3R i B Y RA S B e R
AL T 1)k, DB BRIk B AL 2R . BTk s s (077 vl LG JJ R &, 1 k& (DO fER
DREAE SR TR TSk P I OB 26 T ER ), (D 762 /D KEAE AL S Bk #2021
(R _ER ), F il Beal BT B P U #I 7) B 4P R4 i R 41 21
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[0077]  FERELGsE 77 A, Prd 77 V2B R AE A 8 iR 20 2R ()3 T b W 1) 7 [ HEE G
WBF Tk, VB B TR A 2R, 90 2, Tl 1] vl W] DAL D) R, 400 R (1) B
SAFEITIA TISK A LB ER T KL 15° BKZ 165° JRINRIAES), (i) &
D REIEALRE TR SR A 2 T RS, (i) B35 PR by E] 7) B 30 2R3 1
R Bk

[0078]  SRALECTIIATIA IS EERIN, IF HAERTIR )k 2 ik ATk AR AR H ik A
BB T IN T REXT AR F . AERe S 7 P i B A ALY 39S (an obturator, guard
cannula), ATEARZ It B4 (1 SR F28 B 0k N B0 FF I AR H A% o

[0079] &l 6 fEn T R4 S 2SS P FLB i . PFLB P 3 600 i LAELEE < N
(1% 605, iZ A 1% 605 LA JH 615,41 4 625 Flmse 11 635, 1%k 11 635 10 75 P 5 615
FIAbJE 625 2 (] s FAZE PE A K R4S (split—tube) 650, A T4 650 HAT T 4 655+
ey 665 FIPYIE 675, FEIXLLS it 7y b, AHHE 650 BT 6565 1 LL (1D Pz A 4 605
I 615 2 /b—8 40, FE H (i) Hilpb 0 635 nlHlEEE .. fEiX L sy 2, i
TR VE T A T, DIRRBOR B 9t 10 635 FITFPEALAR 690, F Atk 690 15 1% 42 #2021
(R 7R OS5, phyedmi ik 690 1655 FF4F 650 117 N B3 1 680 - M1 635 B 5h 24t
FF45 650 [ 665,

[0080]  AHUIHAEE AN T B, BT “ Py i m] UG AU E AN 52T 77 T R
I, WA SR . FERE S 7 b, weint R v UG 7K I Caqueous o 7E 28510t
J7 2, BT e AR wT L AE S K ) (non—aqueous) . 31 H., £FF- 265t 77 2N, BTk ik
WARTT LI LA 7RSS 77 b, B ph i R m] UL RE SR B 7K Iy e s A 1 52491
H LS EhK (sal ine ) sl FER AR K MER 5 57 (aqueous surfactant). FEFHIK
AR S AT LAELREZE AN REF AR A ] DA B SE A 2R BT B 25 A (o 1-based
liquidde SRR S AT DUALHE Ak B0 28 FUT A ok B 2 /D KB ) B 1
(non-reactive) Ik, FEFELESTIE Ty A, Fral i e A mT CLALREEHE ), 0 dn H b i
M. BRI DU RS, U TR B D) BRI AL 2R, 8038 B T 97 (A2 F AR A E AR L
2 GE SN RE S WIS IR VIBR AR RS BR o X P A 5249 g, AEME TR L DIBR AR, 78
S A G, SR TEA P RIRE IR Py R el B = A R B

[0081] X FF4 650 [¥1im i 665 i1 LLEA ARG AR N R T5 FE BS54 B, 2 m
665 1] DLy & KB / SRR . 7R s 7y s, iz 665 ] LA 22 /b K EUEE
(%7, LAIRE G A 200 665 5 N LB AT 4 3 N LT ZR. S FFF 650 K IR v DAAE R
10cm 22 K2y 60cm [ [F Y, FF H A8 650 1158 & 7] LAE K2 5mm 22 K4 16mm (1) [
Mo BbAR, XTI 650 H 4% (split) F s RIBR 667, 1% [AIFR 667 K% 75 K 4T 4mm 52K
29 14mm G P, TR 8870 SR ARLEE h B AE LM (non—1 inearity). fER-4E
it 77 A, AR IR TSk B AR T B B e I 2H A 1 2 i B P L B
P BRI 4 PR AR, 4304 T P LT 4 3 8 DR Ir R 4L A 484, (H2 vt JJ 3k 400 28 i [R] B
667, Rk, (A1 667 1458 BE T LRI JJ3k 400 [ ELAR, {2 /N T Wk [l 45 488 [ B 4%,
I HAFLBHEE 600 B9 IS B E AKX FRITER IR 488 I E R

[0082] i b ATk, hAb# TR S v LA T M H Ax BB BRALA U &Pl F R L, ix s
FRLEFEALHE, B0, 2 H AR R b5 s ) BB AR . AR se szt 5 b, S s —ii
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A5 T B AR 2 B ] L ME TR 4 D) ks . OF L, AR b szt )y 20h, N 2L ik
H A5 LI 38 v TR BE A% 10 L e 41 LA AL R AL 2R SR AR 4121 L I B T B E
IR LRSS R, TE R sty 2T, TR Rl 20T LA RS R

[o083] Rt —Fh A SN i R G A FLE P S AR I TR, iR
LRI T HAFH A3 3 ) Pk 2R R0 I R B 4 e i S ST R S o AR St
Ji A, ik T H AU MER B DIRR T H . Rk, 8 38 s 77 204, N A2V FEATIR B
b L 3 ) BT IR BEAZ 1) L R 2L 2R LA 2R AP 2R 2 20 45 4 4 28 I S Ol el
AR o Bk, fE s 77 X p, Frid R g 2n] LI TR EER

[0084] & 7 JE7r TR S AL st 7 AR R b T B % T R 700 45 )3k 400,
FHI A 484 LU 90T 600, K H IR ALAF 484 it 444 ZENT]3k 400, LIRS B
TR J) Sk DIBR AR 2R, bk 690 AT LLRE N phst i 795 1/ sk 11 635, i
A44 K PRI, FI R B e i 795 BIEE K 690, I ELY IR 444 FT R, BT CLF A R G
P 635 FIpPYEK 690 78 LRl FE A, Sl 444 515 BFLET P 600 F A i 28 TR il
W2 A 484 2[RI BE7K 690 BEAAMEFFARIK I CRR HD W o 7EBTU0T] 3k 400 BHRET B )5
/B A B LY BRI B AR 2 AR R b, B AP 600 H 78 7] 3k 400 Fiidh
W2 A 484 AHXTF N A HL CRoan D B Ry iz N 42,

[0085] &AM —FhA| H TR SN B T A BRABAH ) 75 ik AERE L8 77 A, P
GRS A HRR L HEE ST O, RTS8 AR AR AU B T ]SS
R TR ANRH AU 5 T BB 3 8 I N B A K K T B TR AR 2 R R T
TR TIN5 ok e I 1, AT Bk B A b R 20 21, (R B5 R B 0] 7 1 el
(19320 g P4 TR N VAR 2L 7 T, R TR AL B R 480 5155 I AR 3 S I AH R
SAHL o ARSI AR N 30T LB AR K 207 LR MR ZR8 Bk T 2L 190 i, METR) S DIBR A
TEALMER B DI BR A, iR SE A0 Z3m] LA BERL, I BT A 20T DO EF 43R o ARSE RN
] DAHEAR R AE A SRR B b T B BB, B e A B TR A
PR3 AT IR B AR I R TR BERZ 1 L R 41 LA LR R 2021 S 4R L 2R A i TR
B EIRAR LS

[0086]  [¥] 8A 22| 8C JEn T MR IEHLe sl /7 KW SMRHA R B B R4 sk T R, %4 RHA R
Bl R s T Hw] DURY FH A 3 R SR T i, 9F AN G5 ZE AL o dd e e e Ar . 14 8A
JE7R T SERERIAME B DIBR 2R 4 800, i MEM AL VIR 548 800 A48 ) Sk 400 A+ it Hh W 2
1 884 At A B T H =0T 40 886 FIE A At 892 ks 804 bt d= il {4 802 Fiw]
R BB 4 888,

[0087]  {EJITIR TSk I AR S ] 55 0 st g 5, 4 886 ] LU B el CRos D, #3114
e, LAk B hrdh (pull cable) DA BTIR TJSKAH XS B ik NI ()l IR 5 WA 44 B Ak 1, B
F-4% 886 1I LA B A W B0, i B0t ok BTl b i, CUAS Bk 7 SKAH X B W2 4 ek
B AEB E . e A LI TR B4 T LIS T ARG TR 0, BTkl 52 B i B A
AR /S Il (I 24 3, DAl I BT b ) 3k

[0088]  [&] 8B J& R T AHNS T-NITE I 2 894 [y 4 804 IHIMLE . IF H., Kl 8C JB7R
T TR 886 TN AR I

[0089] A4k FE AN G FRAA, b ARSI 1 BT IR 25 T R0 S5 S iy FEASME A, AR
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o] DS I AT R R B — AN B AN S T A AN EE AN o R B AR R, AT RS
T #8  tH U6 E 11, IF B IR ASERE A BRI T #0575 1
[0090] SR 1, I AT
[0091] 7 3 AN ASEES (cadaver laboratory) [ 28 AMEAIAL FIIRZ A T)k. A& R
AT L8 UL 72 B R I ) Sk v vt o BEARK ) Sk B vt g —Fn] DUR G- Hb 151 B #4121
(B IEHERZ  MEIR LN (vertebral endplates) NI HHLD ) T1k. R, Frik J] k6
N2 DL AT 75 16 7 S5 BTk A 2R, [R) it P i L RN PR B4 , B o a0 2L 2R A i oY
VE 3 BT 5 10 L SA S5 R AR AT K LI AT 43R RN, BT IR TSk e v i 2e W (7 T st
BB, Bk, Prdk J] Sk &5 ML 15 Reig A A E R 1B AT IR R IR B o
[0092] P& 9A 2 9G FEIR T AR HiE F e st 7y X I AR K ) Sk b . B 9 ) Sk
TR IR R DI, AR AT T TR BR T AN an HoAth T ) Skt vk 22 4x o 18 9B 1) J) Sk b i1 i
IR T R 22 A1, (R A BRIR I b DI B I AR, I R T RZ M 7. Bl 9C itk
THE AR BEIR AT H 2 T BB A2 P 9D A (R e vl A e 1R - b D) S R0 3 B, (L2 B v 4
B/ BRI AR k%S . B 9E TR T BRIR I D) B R BI AH ZR BN R AR 26, IF HL
Frid B g B AR R R 7 o BT v b I R Tt 2 22 419 . 2R, Brid 25 E 1
TEARIFARERIE TR BERZ I . B OF F v FEoR T 5 I AT 22 B 1% #i3 (a bend),
S AT B OF AR TSk REAE BIIA TR BERZ (S I . SR, B 9G FTE OH AR I v FE R
T IR T A B B A TI SRR BE B 9G R OH R EIYETHLE 5 BN IR 23ce B K.
[0093] S 2
[0094]  ASZHEFISE— SR T TR JI kvt BE—20 A T AT IRSZIG R 28 AR 4t
HRFSE T B 8G R 8H HR KB Tl
[0095] P& 10A 2| 10E JE/RR ¥ 25t 7 X ATk )3k R idreiadE . B 10A Frifg it
AR T VIEN AR BT MR R DTSk A s 2 5 H R B ¥ (gouge) TCH HISEE
B 10B A BT s TR IR i 0 Sk A= A5 AR —S0 )0+ B B 8 el e g, frid
JISLAE B AR ARG ER M. B 10C SRR T TSR R R B
SE AT B RS . B 10D it s 7 B — A N BRI R TSR AR 7R T
WS I N4 SRS T e e o0 B TR AT T 26 E . B 10E A 5 —FhHEE 1 et
ZW A Ay BAT B 10D A R TR, B 10E AR BET IR B 5 T 55 I i
FEIR T1 Sk i PR s CLFAERR S R I A D80 Z) Bl 4
[0096] ARSIt 9 AT H I 774 T
[0097] 1. Y% REAISE B RS 2h Smm 22 8mm (K] AL 5
[0008] 2. fFPAT FMEARLARIT) 15° (W4 i, LUE b ELAN i Mo D)8 54 @ i id i
[0099] 3. MK AT AME PR LI 60 22 A 1 2 2R R sl 80 s R 2B AR BT
TR AR (R P 5 ) FH BT I R ity 9 BT AR A A A T il 2] 1 5 1 28 HH B G s 9 8 A el
(%7 KELRE B9 R 1) ELZT il HR A7) 452 b3l o) 5 3 ELAS T e B Al (1D Ja g, DA
B aza, A CLaD 0 i AR}, DA B e ] o
[0100] 4. R T EHRAE BT 7 BT J b st — () [ e HE S BTk T3k, LIRS R i B AR ik
WIEADFN P BT b (R
[0101] 5.8 40° A5+ R AR, 3 FLARA v M BAHE T I 46 S 7 IR I 46
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B, DA g R 23 (A% R
[0102] 6. 5[0 FTdAE PR ZEAR e ITk F4, LLE— 2Bk
[0103]  SZjfafs] 3
[0104]  ASZEEIEAR T A I3 i mT 3 5t 7 =X, i m] 3 St 77 e pk ok sl
ZE K (serpentine or bayonet configuration), Lmd I d:H M 488 ] LLE A 4= /b
A 0, A 0,
[0105] [ 11A [ 11C @R T MR 4E a5t Jy X 1 T SkARh R A2 2 1R 4 0 2R T
AL LR BRI U A 488 Atz s w] LA LA O B0 it 0 7 2 502 O ), CAAE 491 e ) 255 )
ERAR A AE )L A A 2, Wl 11A 2 1IC BN, /8 0, Flfa 0, m] DLy Al a7 b %k H
MOKZ 0° F KL 180° (VS , FFFRHIN (1) T3k 400 HIPN B 410 A Loih 2 A0 R i
TR 488 [PV 497 GEMOGFIRAENL M 0 ) Z I SEHLIIF A (net angle) 0 ,,1%
A0, 0% £ 90° MBI A1) T3k 400 HI RS 410 L4l 415 S5 RIS
WA 488 I Lol Zk 497 22 (R IIEE B 498 n] LAFE K2 2mm 22 K2 30mm [FVE W . FFH, 76
X ety R, BT P AR Ll 2R T AR BT AT A R 70 Ak B O, OF FLA
A7 K% 3mm 2 K% 25mm (K148 [m] #5254k
[o106]  7ER-deszit /5 A, P 498 76 K £ 2. 5mm 52 KZ 25mm 22 [11] K2 3mm £ K £ 25mm
Z 1A KZ 4mm 2 K2 20mm. K2 5mm 2= K4 15mm. K4 3mm 52 K20 25mm. K2 Tmm K4
12mm 2 8]« K2 8mm 42 K2 10mm 2 8], 2 ShALIE N 0. 5Smm (AT RGEF P . [RIL, #5498
Al LA K4 2mm, K2 3mm. K2 4mm, K2 5mm. K2 6mm. K2 Tmm, K2 Smm, K4 9mm, A
2 10mm. K2 12mm. K2 14mm. K2 16mm. K2 18mm. K% 20mm. K% 22mm. K% 24mm. K2
26mm. K2 28mm. K £ 30mm, DL M AR IR 0. Smm (4T R ER B ak T . AR st s S,
0, TS5 JT 3k 400 119528 v 7] 19 BE 25 AT DAFE K2 bmm 42 K2 25mm - [[] K2 6mm 42
Ky 20mm 22 [8) K2 Tmm Z5 K40 15mm 22 8], B AL I 1o (AR 298 BB
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T B K A B R P

v TSRS R R ARG, 2SN BR RG] TR R B ARRUEE AL
2, FridsRI SR R RG]k, %) EAT:
SR, ZANEIRE I TR TSR N S, BTk P9 i B AL 26
SARTRIVIEN ), 25T R UIE JIAL TRk S R i i i 2, Pk g
PIEIRiE Dy (D PR TTk R R R O FIREAH ST G R U FIRI A
A5 FEPERNEE; M
IR B,z OB B AL+ ik e ET DI T Wit . IF HOr
IR YT TT 5 374 3 D9 A Bl mi st b R v B ok Pt R s i AU R 7100
HE, i UIEN ) B 3 1K) 96 /N T i ik oA s O R AT ) 96 158, DA T ik
FE A A PR iy kR T RN BT IR Nl

2. MRIEBANESR 1 Pri’ s el 5 240, K, %71k R ¥

JEHIVIENT), ZEA G VI TR AR Bk 1Sk 1 3 (8] bR e DD B iR S 2
AR

3. MRIEBRZER 1 ik SRR R 248, o, 1%T] kI8 R A B
[F VIRV I), iz IR 9] T AT T Sk WA 1 R R DT IR SE 2 2K

4. MRIEDANESR 1 Pri’ s el b 240, Hr, izJ1kic RA L
TRREOIFE 70 9 L RRE I DIE T, iz I YIER) T) R AR ik TSk B )
HRER D) E Frif 4L 2

5. MRIEBORZER 1 iR MR AR R 248, Hdr, Prid T)skidtyid
N AT RAE A I I P Jis Al i 2 ) i



HK 1197964 A

1,

A, AR S BId TSk al AR, B Id s 4L SE A
SRR S HLA 2D KB E AR S 12 2D KB A BAT
OBhZR, IF H R AL fE R, i A T T IR S A A5 P

A P3RS L TIE H A

6. MRIEPCFER 5 Pri’ SRR R Rt Hor, Frid 20 KEH)
VERISHIRE 5 PTIR ISR o — A AR

7. WRIERRZER 5 Prik s RHH SR R 258, b, prid ke B A

SR RIVIENI), iz E RTTE ) T AEPTIR T ] Sk 3R 8] e DT ik S8 20
AR

8. MBI ZER 5 Frid SRR R R 258, o, Prid T skic B A
BEEDIEN ),z DI I A IR TSk A e pp R R DD iR SR 2K

0. MRIFRHNZR 5 Prik oM SR R 25, o, Frik ks G
B2 5 BT IR WP IR B DB TR A 01, 2 60 TERZ) 5° R
90° VBN, JFHPrIREIET VIR I AT EE R ik 6, BT A K2 3mm
2 K% 25mm [ E

10 ARIERANZR 9 ik KSR AR R R 8, Hd, Frik Tk Aprid
SIS 2 18] AT B E R R BRI, I H R A 6, N AT .

 MRAEBCFZ K 9 iR AN RS Bk 24, Hodr, Pk TSk A id
FSALAE 2 TR) R Al A R W, JF ELPTid A 6, 9 [ 1.
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12, MRIEBCRESR 9 PRk WIAMRHH A B 240, o, Pk A i
B ARAE AR FART VIR IR B H B, IR Haz B R T K2 3mm £K
2] 25mm HIREIAFEESAL, P id e (A o & 1R AZ T Bk W A iR B e Al
2o
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 25-28, 41-44

because they relate to subject matter not required to be searched by this Authority, namely:

Claims 25-28 and 41-44 pertain to methods for treatment of human or animal body by therapy or surgery, thus relate to a
subject matter which this international Searching Authority is not required to search under Article 17(2)(a)(i) of PCT and Rule
39.1(iv) of the Regulations under the PCT.

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningtul international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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