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ation chamber in a close proximity to (i) a cutting head operated by a physician and (ii) the physician for a filling and emptying by
the physician during a tissue removal procedure, the cutting head and the tissue separation chamber in an operable communications
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the entry of an excised tissue into the chamber, the excised tissue having a solid component and a liquid component; a baffle to sep -
arate the liquid component from the solid component; and, an exit port for the exit of liquid component out of the chamber. The tis -
sue can include any tissue accessible through a small surgical opening, such as a nucleus pulposus tissue removed during a discec -
tomy procedure.



AN ANTI-CLOGGING DEVICE FOR A VACUUM-ASSISTED, TISSUE REMOVAL SYSTEM

BACKGROUND

Field of the Invention

[0001] The teachings provided herein are generally directed to systems that include an anti-

clogging device to address the problem of clogging of vacuum systems during a surgical

tissue removal procedure.

Description of the Related Art

[0002] Surgical tissue extractions often include the use of standard vacuum assemblies that

clog during the procedure. This is especially true of procedures that remove large quantities

of tissue that often gets extracted in larger pieces. In such procedures, larger tubing can be

helpful, but the problem is not cured, and the larger tubing is cumbersome to the physician.

[0003] An example of a procedure that extracts a large volume of tissue that includes larger

pieces of tissue is a discectomy procedure. 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 4th 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.

[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 systems that include an anti-

clogging device to address the problem of clogging of vacuum systems during a surgical

tissue removal 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.

[0009] The anti-clogging system can have a tissue-separation chamber configured to be in a

close proximity to (i) a cutting head operated by a physician and (ii) the physician for a filling

and emptying by the physician during a tissue removal procedure, the cutting head and the

tissue separation chamber in an operable communications with the suction assembly. The

tissue separation chamber can have an entry port in an operable communication with the

cutting head for the entry of an extracted tissue into the chamber, the extracted tissue

having a solid component and a liquid component. The tissue separation chamber can also

have a baffle to separate the liquid component from the solid component. And, the tissue

separation chamber can also have an exit port for the exit of the liquid component from the

extracted tissue out of the chamber.

[0001 0] 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, e
FP

, 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, e
SP

, 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.

[0001 1] 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.



[0001 2] 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.

[0001 3] 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, θ 2, of greater

than 90° to trap and/or cut tissue in the lumen in the backwards stroke of the cutting head.

[0001 4] 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.

[0001 5] 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.

[0001 6] 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.

[0001 7] In some embodiments, the central axis of the lumen is at an angle, θ , 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, θ .

[0001 8] 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.

[0001 9] In some embodiments, the central axis of the lumen can be at an angle, θ ,

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, θ . 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.

[00020] In some embodiments, the central axis of the lumen is at an angle, θ , 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, θ . In these embodiments, additional angle, θ 3 , is located 5mm to 25mm proximal to

© , and angles © and θ 3 are independently selected to range from about 0° to about 180°,

with the limitation that (i) the net angle, θ 4, between the central axis of the lumen of the

cutting head and the central axis of a rigid suction tube located proximal to θ 3 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.

[00021] 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.



[00022] 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

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.

[00023] The teachings also include a method of removing a target tissue from a subject,

the method can include obtaining a system taught herein, the system optionally having an

anti-clogging device also taught herein. 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.

[00024] 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.

[00025] 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.

[00026] In some embodiments, the method comprises removing the excised nucleus

pulposus tissue through the lumen and into the tissue-separation chamber of the anti-

clogging device using the suction assembly in the vacuum-assisted tissue removal; and,

emptying the tissue-separation chamber.

[00027] 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)

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.

[00028] 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.

[00029] 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.

[00030] 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.

[00031] 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

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.

[00032] 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

[00033] FIGs. 1A-1 D illustrates a variety of tubular cutting head configurations that can

be fabricated from stock tube, according to some embodiments.

[00034] FIGs. 2A-2E show blade configurations, according to some embodiments.

[00035] FIGs. 3A-3C show cross section of individual blade profiles, according to some

embodiments.

[00036] FIGs. 4A-4C illustrate a cutting head, according to some embodiments.



[00037] FIGs. 5A and 5B illustrate the angulation of a cutting head 500, according to

some embodiments.

[00038] FIG. 6 illustrates an obturator, guard cannula, according to some embodiments.

[00039] FIG. 7 illustrates a surgical tissue removal kit, according to some embodiments.

[00040] 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.

[00041] FIGs. 9A-9G show cutting head designs that were tested, according to some

embodiments.

[00042] FIGs. 10A-10E illustrate the advancements in the cutting head, according to

some embodiments.

[00043] FIGs. 1 A-11C illustrate a bayonet-type communication between a cutting head

and a suction assembly, according to some embodiments.

[00044] FIGs. 12A and 12B illustrate the integration of a tissue separation chamber into a

tissue removal system for a discectomy, according to some embodiments.

DETAILED DESCRIPTION

[00045] The teachings provided herein are generally directed to systems that include an

anti-clogging device to address the problem of clogging of vacuum systems during a

surgical tissue removal 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, end-plate

cartilage or inner annular tissue, in other embodiments. 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).

[00046] The anti-clogging system can have a tissue-separation chamber configured to be

in a close proximity to (i) a cutting head operated by a physician and (ii) the physician for a

filling and emptying by the physician during a tissue removal procedure, the cutting head



and the tissue separation chamber in an operable communications with the suction

assembly. The tissue separation chamber can have an entry port in an operable

communication with the cutting head for the entry of an extracted tissue into the chamber,

the extracted tissue having a solid component and a liquid component. The tissue

separation chamber can also have a baffle to separate the liquid component from the solid

component. And, the tissue separation chamber can also have an exit port for the exit of

the liquid component from the extracted tissue out of the chamber.

[00047] 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.

[00048] 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.

[00049] The cutting surface can be flat, sinusoidal, or serrated, for example, and the first

plane of the cutting surface may be at an angle, e
FP

, 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,
SP

, 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,
FP

and
SP

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°

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°.

[00050] FIGs. 1A-1 D 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, θ Ρ, 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, θ Ρ, 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, θ Ρ, to the central axis 110

of the lumen of the stock tube 100, the acute angle, θ Ρ, ranging from 1° to about 75°; and,

having a second plane 105 at an angle, θ Ρ, 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, θ Ρ, 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,

θ Ρ, to the central axis 110 of the lumen of the stock tube 100, the acute angle, θ Ρ, ranging

from 1° to about 75°.

[00051] 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, 3 16 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.

[00052] 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 inches2 to 1.5 inches2 or, in some embodiments, from

0.1 80 in2 to 0.400 in2. The width in any direction can range from 0.080" to 0.400" or more

and, in some embodiments, 0.1 60" to 0.250". In some embodiments, the cutting head can

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 0.1 mm. 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 0.1 mm increment

therein.



[00053] 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.

[00054] 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

shift pattern of away, toward, no shift, repeat. And, FIG. 3E shows a simple away, toward,

repeat shift pattern.

[00055] 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."

[00056] 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.

[00057] 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.

[00058] 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.

[00059] 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 4 10 having a central axis 4 15 . 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 4 10 . 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.

[00060] 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 4 15 ; 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.

[00061] The cutting head can be configured for an operable communication between the

lumen 4 10 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

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.



[00062] 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.

[00063] 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.

[00064] 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.

[00065] 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,

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.

[00066] FIGs. 5A and 5B illustrate the angulation of a cutting head 500, according to

some embodiments. FIG. 5A shows that the central axis 5 15 of the lumen 5 10 can be at an

angle, θ , 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,

θ . . In some embodiments, θ 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.

[00067] In some embodiments, the central axis of the lumen is at an angle, θ , 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, θ . 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

[00068] In some embodiments, the central axis of the lumen is at an angle, θ , 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, θ . In these embodiments, additional angle, θ 3 , is located 5mm to 25mm proximal to

θ , and angles θ and θ 3 are independently selected to range from about 0° to about 180°,

with the limitation that (i) the net angle, θ 4, between the central axis of the lumen of the

cutting head and the central axis of a rigid suction tube located proximal to θ 3 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 © and θ 3 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

1mm.

[00069] In some embodiments, the operable communication between the cutting head

500 and the suction assembly 584 can be articulating, and the angle, θ , 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, θ , can be fixed. In some embodiments,

the angle, θ , 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, θ , 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°.

[00070] 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, θ 2, of

greater than 90° from the central axis 515 of the lumen 500 to trap and/or cut tissue in the

lumen 5 10 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.

[00071] 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.



[00072] 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

and configured to guard an annulus fibrosis tissue from the forward cutting blade upon the

forward stroke.

[00073] 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%. Any percent therein in

increments of 1%, less in transverse cross-sectional area at the proximally located cross-

section.



[00074] The teachings also include a method of removing a target tissue from a subject,

the method can include obtaining a system taught herein, the system optionally having an

anti-clogging device also taught herein. 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 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.

[00075] 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 1urn 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%.

[00076] 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.

[00077] 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.

[00078] 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, 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.

[00079] In some embodiments, the method comprises removing the excised nucleus

pulposus tissue through the lumen and into the tissue-separation chamber of the anti-

clogging device using the suction assembly in the vacuum-assisted tissue removal; and,

emptying the tissue-separation chamber.

[00080] 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.

[00081] 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 6 15 , an

outer perimeter 625, and an irrigation port 635 that communicates between the inner

perimeter 6 15 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

6 15 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.

[00082] 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

be created during use of a suction within a closed cavity such as an intervertebral space

within an annulus during a discectomy.

[00083] 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.

[00084] 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.

[00085] 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.

[00086] 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

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.

[00087] 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.

[00088] 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.

[00089] 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

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.

[00090] 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.

[00091] 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

[00092] 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.

[00093] 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.

Example 2 .

[00094] 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.

[00095] 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.

[00096] 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 contralateral^ 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.

Example 3 .

[00097] 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 θ , and an angle θ 3 .

[00098] FIGs. 1 A-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-1 1C, Angles θ and θ 3 can each be

independently selected to range from about 0° to about 180°, with the limitation that (i) the

net angle, θ 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 θ ) ranges from 0° to 90°; and, (ii) the distance 498 between the central axis 4 15

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

[00099] 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 θ 3 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 1mm.

Example 4 .

[0001 00] This example describes an example of a tissue separation chamber for tissue

removal systems that can serve as an anti-clogging device to address the problem of

clogging of vacuum systems during a surgical tissue removal procedure.

[0001 0 1] FIGs. 12A and 12B illustrate the integration of a tissue separation chamber into a

tissue removal system for a discectomy, according to some embodiments. The anti-

clogging system 1200 can have a tissue-separation chamber 1273 configured to be in a

close proximity to (i) a cutting head 400 operated by a physician and (ii) the physician for a

filling and emptying by the physician during a tissue removal procedure, the cutting head

400 and the tissue separation chamber 1273 in an operable communications with the

suction assembly 1288,1278. The tissue separation chamber 1273 can have an entry port

1272 in an operable communication with the cutting head 400 for the entry of an extracted

tissue 1270SL into the chamber 1273, the extracted tissue 1270 S having a solid component

1270s and a liquid component 1270 L. The tissue separation chamber 1273 can also have a

baffle 1274 to separate the liquid component 1270 L from the solid component 1270 s . And,

the tissue separation chamber 1273 can also have an exit port 1276 for the exit of the liquid

component 1270 L from the extracted tissue 1270 out of the chamber 1273.

[0001 02] It should be appreciated that the tissue-separation chamber can be translucent or

transparent in some embodiments to help the physician visualize the extracted tissue

1270SL- The chamber can be composed of any material or combination of materials known

to one of skill to be useful in a surgical device. The chamber can be disposable, or

sterilizable and re-usable. In some embodiments, the tissue collection chamber can be

composed of a metal casing, for example, having glass visualization windows for ease of

sterilization and re-use. And, the chamber can also function as a handle for manipulation of



the cutting head. As such, the chamber can be roughened, dimpled, or knurled to improve

the grip of the chamber/handle in the physician's hand for manipulation of the cutting head.

[0001 03] The baffle 1274 can be configured to provide a gap for a flow of the liquid

component 1270L around the baffle 1274, through the cap 1275, and out the exit port 1276

for removal through the suction line 1278 for collection in a larger container closer to the

source of the suction 1244. One of skill will appreciate that the exit port 1276 can be

adapted to connect to the suction line 1274 through a quick-disconnect socket 1277. It

should be appreciated that the baffle can also include pores, or it can have a convex surface

that deflects extracted tissue 1270S to direct the extracted tissue 1270 S away from the

baffle to help separate the solid component 1270 s from the liquid component 1270L. There

can also be a plurality of baffles, in some embodiments, to increase the separation

efficiency. The cap 1275 can be designed for a quick removal for ease of removal and

emptying of the chamber 1273 by the physician during a surgical procedure.

[0001 04] The one or more baffles can contain any one or any combination of orifices for

separation of the solid component from the liquid component. In some embodiments, the

baffle can comprises orifices ranging in size from 0.010 inches in diameter to 0.100 inches

in diameter, from 0.010 inches in diameter to 0.090 inches in diameter, from 0.01 0 inches in

diameter to 0.080 inches in diameter, from 0.01 0 inches in diameter to 0.070 inches in

diameter, from 0.01 0 inches in diameter to 0.060 inches in diameter, from 0.01 0 inches in

diameter to 0.050 inches in diameter, from 0.01 0 inches in diameter to 0.040 inches in

diameter, from 0.01 0 inches in diameter to 0.030 inches in diameter, from 0.020 inches in

diameter to 0.100 inches in diameter, from 0.030 inches in diameter to 0.100 inches in

diameter, from 0.040 inches in diameter to 0.100 inches in diameter, from 0.050 inches in

diameter to 0.100 inches in diameter, from 0.060 inches in diameter to 0.100 inches in

diameter, from 0.070 inches in diameter to 0.100 inches in diameter, from 0.080 inches in

diameter to 0.100 inches in diameter, or any range therein in increments of 0.001 inches in

diameter. As noted, there can also be a plurality of baffles, in some embodiments, to

increase the separation efficiency, and the orifice sizes of the baffles can be staged from

larger to smaller, for example, to increase separation efficiency.



WE CLAIM

1. A surgical, nucleus pulposus removal system having an anti-clogging device for a vacuum-

assisted tissue removal, the system comprising:

an anti-clogging device including a collection handle, the collection handle configured for a

manual control of a tubular cutting head in an operable communication with a suction

assembly, and a tissue-separation chamber to avoid a clogging of a tissue removal

system for a discectomy; wherein,

the tissue separation chamber has

an entry port for the entry of an extracted tissue into the chamber, the extracted tissue

having a solid component and a liquid component, the solid component including a

nucleus pulposus tissue;

a baffle to separate the solid component from the liquid component; and,

an exit port for the exit of the liquid component from the chamber;

the tubular cutting head is configured for removing a target tissue of a subject, the 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 nucleus pulposus tissue in a forward stroke of the cutting

head and (ii) excising and directing entry of the excised nucleus pulposus tissue into

the lumen on the forward stroke, the forward cutting blade having a first plane and a

second plane, the first plane having a plurality of cutting surfaces and positioned at

an angle, GFP, to the central axis of the lumen of the tubular cutting head; and, the

second plane having a plurality of cutting surfaces and positioned at an angle, GSP,

to the central axis of the lumen of the tubular cutting head; and,

a blade guard positioned distal to the forward cutting blade and configured to guard an

annulus fibrosis tissue from the forward cutting blade upon the forward stroke, the

blade guard having a transverse, cross-sectional width that is at least substantially

smaller than the width of a transverse cross-section of the lumen to facilitate the



entry of the excised nucleus pulposus tissue into the lumen on the forward stroke,

such that the desired entry of the excised nucleus pulposus tissue into the lumen on

the forward stroke is reduced by less than 50% due to the presence of the blade

guard;

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

and a source of a suction; and,

the suction assembly is configured for an operable communication with the cutting head, the

suction assembly comprising an at least substantially rigid suction tube with a central

axis and creating the flow of suction for removing the excised nucleus pulposus tissue

through the lumen and out of the subject; and,

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

configured with a barb to hook nucleus pulposus tissue for removal of the nucleus pulposus

tissue in a backward stroke of the cutting head

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

configured with a plurality of sharp lateral surfaces for cutting and excising the nucleus

pulposus in a transverse stroke of the cutting head.

4 . The system of claim 1, wherein the central axis of the lumen is at an angle, θ , 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, θ .

5 . The system of claim 1, 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.

6 . The system of claim 1, wherein the central axis of the lumen is at an angle, θ , 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, wherein,

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

angles © and θ 3 are independently selected to range from about 0° to about 180°, with the

limitation that



the net angle, θ 4, between the central axis of the lumen of the cutting head and the central

axis of the rigid suction tube located proximal to θ 3 ranges from 0° to 90°; and,

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.

7 . The system of claim 1, wherein the cutting head and the at least substantially rigid suction

tube are a single unit, the cutting head formed at the distal end of the at least substantially

rigid tube.

8 . A surgical, tissue removal system for a discectomy having an anti-clogging device for a

vacuum-assisted tissue removal, the system comprising:

an anti-clogging device including a collection handle, the collection handle configured for a

manual control of a tubular cutting head in an operable communication with a suction

assembly, and a tissue-separation chamber to avoid a clogging of a tissue removal

system for a discectomy; wherein,

the tissue separation chamber has

an entry port for the entry of an extracted tissue into the chamber, the extracted tissue

having a solid component and a liquid component, the solid component including a

nucleus pulposus tissue;

a baffle to separate the solid component from the liquid component; and,

an exit port for the exit of the liquid component from the chamber;

the tubular cutting head is configured for removing a nucleus pulposus tissue from a subject, the

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 and configured for (i) cutting

and excising the nucleus pulposus tissue in a forward stroke of the cutting head and

(ii) directing entry of the cut and excised nucleus pulposus into the lumen on the

forward stroke, the forward cutting blade having a first plane and a second plane, the

first plane having a plurality of cutting surfaces and positioned at an angle, GFP, to

the central axis of the lumen of the tubular cutting head; and, the second plane



having a plurality of cutting surfaces and positioned at an angle, GSP, to the central

axis of the lumen of the tubular cutting head;

a backward cutting blade configured with a barb to hook nucleus pulposus tissue for

removal of the nucleus pulposus tissue in a backward stroke of the cutting head;

a transverse cutting blade configured with a plurality of sharp lateral surfaces for cutting and

excising the nucleus pulposus in a transverse stroke of the cutting head; and,

a blade guard positioned distal to the forward cutting blade and configured to guard an

annulus fibrosis tissue from the forward cutting blade upon the forward stroke, the

blade guard having a transverse, cross-sectional width that is at least substantially

smaller than the width of a transverse cross-section of the lumen to facilitate the

entry of the excised nucleus pulposus tissue into the lumen on the forward stroke,

such that the desired entry of the excised nucleus pulposus tissue into the lumen on

the forward stroke is reduced by less than 50% due to the presence of the blade

guard;

the suction assembly is configured for an operable communication with the cutting head, the

suction assembly comprising an at least substantially rigid suction tube with a central

axis and creating the flow of suction for removing the nucleus pulposus tissue through

the lumen and out of the subject;

9 . The system of claim 8 , wherein the central axis of the lumen of the cutting head is at an

angle, θ , 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, θ .

10. The system of claim 8 , wherein the central axis of the lumen of the cutting head 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.

11. The system of claim 8 , wherein the plurality of cutting surfaces include serrations.

12 . The system of claim 8 , wherein the central axis of the lumen is at an angle, θ , 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, wherein,

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



angles θ and θ 3 are independently selected to range from about 0° to about 180°, with the

limitation that

the net angle, θ 4, between the central axis of the lumen of the cutting head and the central

axis of the rigid suction tube located proximal to θ 3 ranges from 0° to 90°; and,

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.

13. The system of claim 8 , wherein the backward cutting blade is configured as a talon,

positioned on the distal edge of the outer perimeter for cutting the nucleus pulposus tissue in

the backward stroke of the cutting head.

14. The system of claim 8 , wherein the blade guard is also the backward cutting blade, the

guard having a double-edged blade tip point back into the lumen at an angle, θ 2, of greater

than 90° to trap tissue, cut tissue, or trap and cut tissue in the lumen in the backwards stroke

of the cutting head.

15. The system of claim 8 , wherein the blade guard is also the transverse cutting blade, the

plurality of sharp lateral surfaces positioned on the blade guard for cutting the nucleus

pulposus tissue in the transverse stroke of the cutting head.

16 . The system of claim 8 , wherein the cutting head and the at least substantially rigid suction

tube are a single unit, the cutting head formed at the distal end of the at least substantially

rigid tube.

17 . A method of removing a nucleus pulposus tissue from a subject, the method comprising:

obtaining the system of claim 1;

creating an opening in a subject for access to a nucleus pulposus tissue;

inserting the cutting head through the opening to access the nucleus pulposus tissue in the

subject;

forcing the cutting head in a forward direction on a surface comprising the nucleus pulposus

tissue to remove the nucleus pulposus tissue, the forward direction including a force

vector that moves (i) at least substantially on a plane containing the central axis of the

lumen of the cutting head to excise the nucleus pulposus tissue and direct entry of the



excised nucleus pulposus tissue into the lumen of the cutting head when forcing the

cutting head in the forward direction, (ii) at least substantially on the surface comprising

the nucleus pulposus tissue, and (iii) toward the annulus fibrosis tissue that is protected

by the blade guard;

capturing the nucleus pulposus tissue in the lumen of the cutting head when forcing the cutting

head in the forward direction;

removing the excised nucleus pulposus tissue through the lumen and into the tissue-separation

chamber of the anti-clogging device using the suction assembly in the vacuum-assisted

tissue removal; and,

emptying the tissue-separation chamber.

18. The method of claim 17 , further comprising forcing the cutting head in a backward direction

on a surface comprising the nucleus pulposus tissue to remove the nucleus pulposus tissue,

the backward direction including 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 nucleus pulposus tissue, and (iii) away from the annulus

fibrosis tissue that is protected by the blade guard.

19 . The method of claim 17 , further comprising forcing the cutting head in a transverse direction

on a surface comprising the nucleus pulposus tissue to remove the nucleus pulposus tissue,

the transverse direction including 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 nucleus pulposus tissue, and

(iii) in contact with the annulus fibrosis tissue that is protected by the blade guard.

20. An anti-clogging device for a tissue removal system, comprising:

a tissue-separation chamber configured to be in a close proximity to (i) a cutting head operated

by a physician and (ii) the physician for a filling and emptying by the physician during a

tissue removal procedure, the cutting head and the tissue separation chamber in an

operable communications with the suction assembly; wherein,

the tissue separation chamber has



an entry port in an operable communication with the cutting head for the entry of an

extracted tissue into the chamber, the extracted tissue having a solid component and

a liquid component;

a baffle to separate the liquid component from the solid component; and,

an exit port for the exit of liquid component from the extracted tissue out of the chamber.
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