
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

7 October 2010 (07.10.2010) WO 2010/115088 A2

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
A61B 17/16 (2006.01) A61B 17/90 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
A61B 17/88 (2006.01) A61F 2/46 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

PCT/US20 10/029762 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

2 April 2010 (02.04.2010) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
(84) Designated States (unless otherwise indicated, for every

(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,

(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

61/166,128 2 April 2009 (02.04.2009) US ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(72) Inventors; and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicants : MALAWER, Martin M. [US/US]; 913 MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

Frame Lane, Mclean, Virginia 22102 (US). CORSI, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
George [US/US]; 44 Tulip Lane, Colts Neck, New Jersey ML, MR, NE, SN, TD, TG).
07722 (US).

Published:
(74) Agent: STUDEBAKER, Donald; Studebaker & Brackett

— without international search report and to be republished
PC, One Fountain Square, 1191 1 Freedom Drive, Suite upon receipt of that report (Rule 48.2(g))
750, Reston, Virginia 20190 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: BONE RIFLING SYSTEM AND METHOD OF PREPARING A BONE USING SUCH SYSTEM

( 7) Abstract: A bone rifling system for use in prosthesis, which allows improved prosthetic bone fixation. The system comprises
orthopedic undercut reamer, which can cut controlled internal groove circles or spiral grooves on the internal surface of host bone.
The system converts the commonly reamed smooth bone to grooved or rifled bony tube. Used together with bone cements, the
bone rifling system ensures prosthetic bone fixation by significantly increasing the pull out strength, and decreasing the rate of
clinical loosening and failure of replacement joints. Also disclosed is a method for preparing a bone for a prosthesis using such a
bone rifling system to cut grooves in a host bone for increased prosthetic bone fixation.



BONE RIFLING SYSTEM AND METHOD OF PREPARING A BONE

USING SUCH SYSTEM

The present application is a non-provisional utility application and claims

the benefit of Provisional Application No. 61/166,128, filed April 2, 2009, the

contents of which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0001] The present invention relates to new bone rifling system (BRS) and

method of using such system for prosthetic bone fixation. The invention

discloses a bone rifling system comprising an orthopedic undercut reamer, for

use with bone cement to increase the fixation of a cemented bone implant, and

also discloses a method of "rifling" the host bone. The reamer comprises a

guide tube having a proximal and distal end, a cutter bar having at least one

cutter extending from a portion of said cutter bar, the cutter bar positioned within

the guide tube between the proximal and distal ends of the guide tube and

displaceable to extend the at least one cutter from an outer surface of guide tube,

an engager for engaging the cutter for controlling the displacement of said cutter

bar, and a cap for closing the proximal end of the guide tube. The bone rifling

system that comprises the reamer and accessories can dramatically improve

prosthetic bone fixation by significantly increasing the pull out strength and

decreasing the rate of clinical loosening and failure of replacement joints. Using

such a system to prepare the host bone represents an improvement in prosthetic

procedures.

BACKGROUND OF THE INVENTION

[0002] Prosthesis, a medical term originated from the Greek word for

"addition", is an artificial extension that replaces a missing body part. In the

case of an endoprosthesis, an artificial device is placed inside the body to replace

the missing bodily part. This medical procedure has been widely used in many



different situations. For example, endoprosthesis can be used in rebuilding

joints, such as artificial hips and artificial knees. For another example,

endoprosthesis has been applied to patients whose bones were amputated,

including rebuilding cancer patients' limbs by creating an endoprosthetic bone

and adjacent joint to replace the cancerous one.

[0003] In situations such as hip and joint replacement, wherein the prosthesis

is designed to be fit or inserted into a bone, the replacements are often fixed to

bones by press fitting the prosthesis into the host bone, which has been filled

with bone cement such as polymethylmethracylate (PMMA). Bone cement was

first used in the 1950s. Since then, some modifications have been made and

alternatives have been developed to the original PMMA cement. However, the

general technique that uses bone cement for prosthesis has not changed

significantly in over the past 40 years. The common method of preparing the

bone is to ream the bone with a bone reamer, and then inject bone cement into

the medullary canal, then the prosthesis replacement is placed into the bone.

The bone cement provides for an immediate fixation, similar to filling a tooth

cavity. This technique always results in a smooth bore cortical host bone.

[0004] These days, millions of procedures of this type are conducted all over

the world every year. However, a major clinical problem with such a system of

fixing the prosthesis implant lies in the ultimate loosening of the bone-cement

interface overtime.

[0005] When the implant has loosened, the prosthesis may need revision or

replacement. In such case, the bone cement must be fully removed, and the

prosthesis previously implanted in the body is removed and replaced by a new

prosthesis. Such replacement operations usually cause loss of healthy bone

substances, and are often more complex and more difficult than the original

prosthesis operation. In addition, prosthesis revision operations are often more

expensive for patients.



[0006] It has been found that there is rarely a loosening in the junction

between the prosthesis and the cement, that is, at the prosthetic-cement junction.

On the other hand, the main mechanism of loosening is the development of a

loose interface between the bone and the implanted bone cement (PMMA). This

problem can be solved by preparing the bone through a different method, using

the new bone rifling system disclosed herein.

[0007] In using the common technique of reaming, the reaming results in the

remaining bone being essentially a smooth, cortical, bony tube, with smooth

internal surface, regardless of how the cement is mixed or implanted. Thus,

there is minimal interdigitation of the cement into the bone. In addition, any

interdigitation of the cement that may occur weakens over time, and the

prosthesis is thus disconnected from the interior surface of the bone, resulting in

the need to surgically reset the prosthesis.

[0008] Accordingly, there is a need to provide a system which increases

prosthetic bone fixation, reliably secures the prosthesis with respect to the bone,

thereby eliminating the need to conduct further surgery as the bone-cement

interface does not deteriorate over time. There is also a need to use the new

system to prepare the host bone in prosthesis.

SUMMARY OF THE INVENTION

[0009] A primary objective of the present invention is to provide a new bone

rifling system (BRS) for unique prosthetic bone fixation. The system comprises

an orthopedic undercut reamer for use together with bone cement to increase the

fixation of a cemented bone implant. The bone rifling system comprises the

reamer and optional accessories to cut grooves on the internal surface of a host

bone before bone cement is added. The grooved internal bone surface

dramatically improves prosthetic bone fixation between the bone and the bone

cement, by significantly increasing the pull out strength, thus decreasing the rate

of clinical loosening and failure of replacement joints. This system can be used



to convert the smooth bore bone (bony tube) of the commonly reamed bone to a

grooved or rifled endosteal surfaced bony tube.

[0010] In one embodiment of the invention, the disclosed new bone rifling

system comprising the undercut reamer can cut controlled, deep, internal groove

circles on the internal surface of a host bone.

[0011] In another embodiment of the invention, the disclosed bone rifling

system comprising the reamer can cut spiral grooves analogous to standard rifle

grooves on the internal surface of a host bone.

[0012] The undercut reamer is an instrument that can be used in orthopedic

surgery, to create one or multiple undercuts (negative ridges) in the bone to

provide enhanced fixation for endoprosthetic implants which utilize bone cement

such as PMMA. The new bone rifling system (BRS) disclosed presently applies

the undercut reamer to provide a grooved internal bone surface for device

implantation, thus improves the integrity of the bone fixation. Specifically, the

undercut surface prepared by the BRS strengthens bone-cement interface,

thereby increases the pull out strength of the implant. Compared to the smooth

internal surface of bone, prepared by the traditional method, the new BRS

system can reduce incident of loose interface between the bone and the

implanted bone cement such as PMMA, thus benefits patients who undergo

prosthetic procedures. This improvement is accomplished by creating a positive

lock for the fixation material into the bone.

[0013] Further, the invention provides a method of preparing a host bone for

prosthesis, using the bone rifling system (BRS) disclosed in the present

invention. The method can improve prosthetic bone fixation and decrease the

rate of clinical loosening and failure in endoprosthesis, by significantly

increasing the pull out strength, through converting smooth bore bone to a

grooved or rifled bony tube. The method comprises using the BRS comprising

unique orthopedic undercut reamer and optional accessories to cut circular or



spiral grooves on the internal surface of host bone, then retract the reamer before

adding cement to the bone, to increase fixation between the bone and the

cement, for endoprosthetic implants which utilize bone cement such as PMMA.

[0014] In one embodiment of the disclosed bone preparation method, the

undercut reamer can cut controlled, deep, internal groove circles on the internal

surface of a host bone.

[0015] In another embodiment of the disclosed bone preparation method, the

undercut reamer can cut spiral/rifling grooves analogous to standard rifle

grooves on the internal surface of a host bone.

[0016] The disclosed bone rifling system allows the reamer to be placed into

the intramedullary canal. The reamer includes a cutter in the form of cutting

teeth. Once the reamer is positioned correctly, the cutting teeth can be extended

to engage the internal bone surface. Once the cutting teeth are extended a drive

mechanism is mounted on the portion of the undercut reamer outside of the bone

(such as a universal adapter) so that the cutter can be rotated by hand or external

power, thereby creating the undercuts at the level of the cutting teeth. This bone

rifling system has an additional mechanism which permits the bone debris

formed by the undercut reaming or rifling to be continuously irrigated and

suctioned to remove all debris. This mechanism permits accurate and safe

reaming (i.e. to avoid stress fractures) during the undercutting process. Once

completed, the drive mechanism is removed and the cutting teeth are retracted

and disengaged from the internal bone surface, allowing the undercut reamer to

be removed from the bone without disturbing the undercuts (negative ridges)

created by the reamer. Once the bone rifling system is removed from the bone,

it can be completely disassembled, cleaned and sterilized. Additional one or

more of the components of the system may be disposable, particularly the cutter.

[0017] The undercut reamer used in carrying out the improved prosthesis

procedure consists of multiple components. A cutter may be comprised of



multiple cutting surfaces (teeth) that may be angled away from a cap. The cutter

may fit within a guide tube, and contain pins that can slide through the side

openings of the guide tube to allow the cutter to move inside the guide tube in a

controlled path. The guide tube has a slim cylinder shape that allows it to be

inserted into the medullary canal of various length, for example, for long bones

such as the humerus, tibia or femur. The multiple cutting surfaces (teeth) align

with openings on the guide tube for the cutting teeth to extend through in order

to engage with the internal surface of bones. Once the cutting teeth are engaged,

the universal adapter on the end of the reamer, which stays outside of the bone,

can be connected to an outside power source, to rotate the cutter, which allows

the cutting teeth on the cutter to create grooves on the engaged bone surface.

The grooves can be either circular or spiral, depending on how the reamer is

positioned and used during the cutting process. After the undercut is created, the

cutting teeth are then retracted through the openings. The angled cutting teeth

may assist in the removal of the cutter. The cutter can either be single

use/disposable or multi-use. In either case the cutter is to be made of a

sterilizable material such as cobalt chrome or other known material.

[0018] A cutter extension tube or mechanism to extend the cutter into the

bone can consist of several different mechanisms so as to extend the cutter

component into the bone. One example would be a rod having a D shaped cross-

section, which fits within the guide tube, with the flat portion mating up against

the cutter. When the D shaped rod is forced down into the guide tube, the

multiple cutting surfaces are pushed into the bone. Removal of the D shaped rod

allows the cutter to be removed. Alternatively, a cam shaped rod, which fits

within the guide tube having an increasing cross-section initially allows the

cutter to be inserted with ease. Once the cutter is in place the cam shaped rod is

turned to apply pressure to the cutter and the opposite sidewall of the tube,

allowing the cutting surfaces to be extended into the bone. Once the undercuts

are completed the cam shaped rod would be turned to remove the force against

the cutter and would allow the cutter to be retracted and removed from the tube.



In another option, the cutter bar can be a flat plate that is positioned between two

semi-cylinders, with the plate of the cutter bar including pins extending

therefrom which engage slots or openings in the semi-cylinders which act as cam

surfaces to extend the cutter blades from a side of the guide tube. When the

cutter bar is pushed by force, the pins can move through the guide tube as

directed by the slots, which allows the cutter bar to move radially away from a

central axis of the guide tube towards the periphery of the guide tube, thus

allowing the cutting teeth to extend out through openings on the guide tube.

[0019] A pressurized membrane, which fits within the guide tube, could also

be employed. With the membrane deflated the cutter can be placed within the

tube. Once the cutter is in place, the membrane would be pressurized and filled

with a saline solution. As the pressure of the membrane against the cutter

increases, the cutter will be extended into the bone. Once the undercuts are

completed the membrane would be decompressed and would allow the cutter to

be retracted from the bone and removed from the tube.

[0020] The guide tube is provided to allow proper placement of the cutter

within the intramedullary canal. The guide tube will come in multiple diameters

and lengths to enable appropriate sizing for multiple size canals. The guide tube

is provided with openings to allow the cutting teeth to be extended and retracted

through the tube, thus helping the reamer to get into and out of the bone. The

guide tube may also contain a continuous suction-irrigation tube as well as an

external port and connection therein to permit the extraction of debris from the

cutting process. The continuous suction-irrigation system being similar to those

currently used in connection with various bone reaming devices.

[0021] In an initial embodiment, a cap is mechanically fastened to the guide

tube once the cutter has been extended into the bone, locking the cutter in place.

The external portion of the cap will include a shank/quick disconnect allowing

use with variable power assisted and manual drills. Alternatively, the external

portion of the reamer will include an engager which can be pushed toward the



cap to apply pressure on the cutter bar and move the cutter bar inside the guide

tube to make the cutting teeth extend out. The external portion of the reamer

will also include a universal adapter that can be connected to outside power

source to rotate the cutter for cutting the internal surface of bone. Once the

cutting teeth are extended through the openings of the tube and engage to the

internal surface of bone, the guide tube and cutter are rotated to cut either the

"O" ring grooves or spiral grooves into the interior surface of the bone. After

the undercut reamer has been extended into the bone and the cuts made, the cap

is unfastened from the guide tube allowing the extension mechanism and cutter

to be retracted from the guide tube and the guide tube to be retracted from the

bone; or the engager is released and moves away from the cap to allow the

cutting teeth to retract.

[0022] A detailed description is given in the following embodiments with

reference to the accompanying drawings. Advantages and features of the present

invention will become more apparent from the following detailed description of

the present invention when viewed in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Embodiments of the invention will now be described, by way of

example only, with reference to the accompanying schematic drawings in which

corresponding reference symbols indicate corresponding parts.

[0024] Figure 1 is a partial cross-sectional view of the undercut reamer in

accordance with the present invention.

[0025] Figures 2A and 2B are side and end views of the guide tube.

[0026] Figures 3A and 3B are side and end views of the cutter in accordance

with one embodiment of the invention.



[0027] Figures 4A and 4B are side and end views of the extension tube

mechanism in accordance with one embodiment of the invention.

[0028] Figures 5A and 5B are side and end views of the cutter in accordance

with another embodiment of the invention.

[0029] Figures 6A and 6B are side and end views of the extension tube

mechanism in accordance with another embodiment of the invention.

[0030] Figure 7 is a perspective view of the undercut reamer assembly in

accordance with an alternative and preferred embodiment of the present

invention.

[0031] Figure 8 is an exploded perspective view of the internal structure of

the undercut reamer of Figure 7 .

[0032] Figure 9 is a cross-sectional view of a portion of the interior of the

undercut reamer of Figure 7 .

[0033] Figure 10 is a perspective view of a cutter bar to be positioned in the

undercut reamer of Figure 7 .

[0034] Figure 11 is a schematic side view of the spring-assist for the cutting

teeth extension structure of the present invention.

[0035] Figure 12 is a side view of the bone rifling system (BRS) of the

present invention.

[0036] Figure 13 is an expanded view of the guide tube of the bone rifling

system (BRS) of the present invention in the unengaged state.

[0037] Figure 14 is a further expanded view of the guide tube of the bone

rifling system (BRS) of the present invention in the engaged state wherein the

cutting teeth extend out through openings in the guide tube of the undercut

reamer.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0038] As noted hereinabove, by forming controlled, deep, internal ridges on

the host bone by way of a series of internal 'O' rings or a spiral/rifling groove

using an undercut reamer and its system of use will increase dramatically the

pull out strength and decrease the rate of clinical loosening and failure of

replacement joints. This technique converts the smooth bore bone (bony tube) of

the commonly reamed bone to a grooved or rifled endosteal surfaced bony tube.

[0039] In accordance with the present invention as illustrated in Figures 1-6,

the undercut reamer 10 is an instrument to be used in orthopedic surgery, to

create one or multiple undercuts (negative ridges) in the bone to provide

enhanced fixation for endoprosthetic implants which utilize bone cement.

Providing an undercut surface for device implantation improves the integrity of

the bone/prosthetic fixation; specifically, the bone-cement interface, thereby

increasing the pull out strength of the implant. This is accomplished by creating

a positive lock for the fixation of material into the bone.

[0040] The bone rifling system and method of preparing a bone using such

system includes an undercut reamer 10 which consists of multiple components,

and allows the reamer to be placed into the intramedullary canal and once

positioned correctly, has cutters 12 that are extended into the bone. Once the

cutters 12 are extended, a chuck 14 is mounted on the portion of the undercut

reamer outside of the bone so that it can be rotated by hand or power thereby

creating the undercuts at the level of the cutters. This tube may have an

additional mechanism which permits the bone debris formed by the undercut

reaming or rifling to be continuously irrigated and suctioned to remove all debris

(not shown). This permits accurate and safe reaming (i.e. to avoid stress

fractures) during the undercutting process. Once completed, the chuck 14 is

removed and the cutters 12 are extracted allowing the undercut reamer 10 to be

removed without disturbing the undercuts (negative ridges) created by the

reamer. Once the total undercut reamer construct is removed from the bone, it



can be completely disassembled, cleaned and sterilized. Such disassembly could

include the guide tube being divided into two halves. Further, one or more of

the components of the undercut reamer may be disposable, particularly the

cutters 12.

[0041] The undercut reamer 10 used in carrying out the method consists of

multiple components. The cutter 12 may be comprised of multiple cutting

surfaces 16 that are angled away from the cap 14 and fit within a guide tube 18

which has been inserted into the medullary canal of various length long bones

such as the humerus, tibia or femur. The multiple cutting surfaces 16 align with

holes or openings 20 in the guide tube, which provide an opening for the cutting

surfaces to extend through. Once the undercut is created the cutting surfaces 16

are then retracted through the guide holes 20. The angled cutting surfaces assist

in the removal of the cutter. The cutter can either be single use/disposable or

multi-use. In either case the cutter is to be of a sterilizable material such as

cobalt chrome or other known material.

[0042] Alternatively, the undercut reamer 10 may include a cutter 12' as

illustrated in Figures 5A and 5B. The cutter 12' includes only a single cutter

surface 16' which extends at an angle such that as the undercut reamer is rotated

and withdrawn from the bone, the cutter surface 16' forms a spiral or rifle

groove in the interior surface of the bone.

[0043] A cutter extension tube or mechanism to extend the cutter into the

bone may consist of several different mechanisms so as to extend the cutter

component into the bone. One example would be a rod 22 having a D shaped

cross-section illustrated in Figure 4A and 4B, which fits within the guide tube

18, with the flat portion mating up against the cutter as shown in Figure IA. The

D-shaped rod 22 is sized such that when the D shaped rod 22 is forced down into

the guide tube 18, the multiple cutting surfaces 16 are pushed into the bone.

Removal of the D shaped rod 22 allows the cutter to be removed. Alternatively,

a cam shaped rod 24 as shown in Figure 6A and 6B, which fits within the guide



tube having an increasing cross-section initially allows the cutter to be inserted

with ease. Once the cutter is in place the cam shaped rod 24 is turned to apply

pressure to the cutter and the opposite sidewall of the tube, allowing the cutting

surfaces to be extended into the bone. Once the undercuts are completed the cam

shaped rod 24 would be turned to remove the force against the cutter and would

allow the cutter to be retracted and removed from the tube.

[0044] A pressurized membrane (not shown), which fits within the guide

tube could also be employed. With the membrane deflated the cutter can be

placed within the tube. Once the cutter is in place, the membrane would be

pressurized and filled with a saline solution. As the pressure of the membrane

against the cutter increases, the cutter will be extended into the bone. Once the

undercuts are completed the membrane would be decompressed and would allow

the cutter to be retracted from the bone and removed from the tube.

[0045] The guide tube 18 is provided to allow proper placement of the cutter

12 within the intramedullary canal. The guide tube 18 will come in multiple

diameters and lengths to enable appropriate sizing for multiple size canals. The

guide tube will be provided with at least one and likely multiple openings 20 to

allow the cutters to be extended and retracted through the tube and into and out

of the bone. The guide tube 18 will also contain a continuous suction-irrigation

tube as well as an external port and connection therein to permit the extraction of

debris from the cutting process. The continuous suction-irrigation system (not

shown) being similar to those currently used in connection with various bone

reaming devices.

[0046] The cap 14 is mechanically fastened to the guide tube once the cutter

has been extended into the bone, locking the cutter in place. The external

portion of the cap will include a shank/quick disconnect 26 allowing use with

variable power assisted and manual drills (not shown). Once the cutter

extensions are extended into the bone, the guide tube 18 and cutters 16 are

rotated to cut the "O" ring grooves or rifling into the interior surface of the bone.



After the undercuts have been extended into the bone and the cuts made, the cap

is unfastened from the guide tube allowing the extension mechanism and cutter

to be retracted from the guide tube and the guide tube to be retracted from the

bone. Alternatively, when using the rifling cutter 12' as shown in Figures 5A

and 5B, the guide tube 18 may be withdrawn from and inserted into the bone as

the guide tube 18 and cutter 16' are rotated to form a substantially continuous

spiral/rifle groove in the inner bone surface.

[0047] As noted hereinabove, by cutting controlled internal ridges and

grooves on the host bone, the bone rifling system (BMS) converts the smooth

bore internal surface of the commonly reamed bone (bony tube) to a grooved or

rifled endosteal surfaced bony tube. The system comprises an orthopedic

undercut reamer that can be used to cut the grooves on bones to increase the

fixation between the bone and the cement, thus prevent loosening of cemented

bone implant. The bone rifling system that comprises the reamer and optional

accessories can dramatically improve prosthetic bone fixation by significantly

increasing the pull out strength and decreasing the rate of clinical loosening and

failure of replacement joints.

[0048] In accordance with the present invention, the undercut reamer 10 is

an instrument to be used in orthopedic surgery, to create one or multiple

undercuts (negative ridges) on the internal surface of bone to provide enhanced

fixation for endoprosthetic implants which utilize bone cement. Providing an

undercut surface for device implantation improves the integrity of the

bone/prosthetic fixation, specifically the fixation of the bone-cement interface.

Therefore, the disclosed new bone rifling system increases the pull out strength

of the implant by creating a positive lock for the fixation of material into the

bone.

[0049] A preferred embodiment of the present invention will now be

discussed with respect to Figure 7-14. As illustrated in Figure 7, the preferred

Bone Riffling System (BRS) includes a bone undercut reamer 100 having a



guide tube 118. In accordance with the preferred embodiment, and particularly

the undercut reamer of Figures 7 and 8, the cutter bar 110 is a flat bar that fits

within the guide tube 118 and includes pins 140, 141 that fit within the openings

or cam slots 117 formed in positioning semi-cylinders 142, 143. The slots 117

will be discussed in greater detail hereinbelow with reference to Figure 9 . When

the semi-cylinders 142, 143 are pushed by force, the pins on the cutter bar move

through the guided path as directed by the cam slots 117, which allows the cutter

bar 110 to move away from the central axis of the guide tube 118 towards the

peripheral edge of the tube, thus forcing the cutting teeth 116 to extend out

through opening(s) 120 formed in the guide tube 118.

[0050] The guide tube 118 is provided to allow proper placement of the

cutter bar 110 within the intramedullary canal. The guide tube 118 may come in

multiple diameters and lengths to enable appropriate sizing for multiple size

canals. The guide tube 118 will be provided with at least one and likely multiple

openings 120 to allow the cutters 116 of the cutter bar 110 to be extended and

retracted through the guide tube 118 and into and out of the bone. Like the

previous embodiment, the guide tube 118 may also contain a continuous suction-

irrigation tube as well as an external port and connection therein to permit the

extraction of debris from the cutting process. The continuous suction-irrigation

system (not shown) being similar to those currently used in connection with

various bone reaming devices.

[0051] The undercut reamer 100 illustrated in Figures 7 and 8 includes a cap

114 which is mechanically fastened to the guide tube 118 by way of one or more

hex set screws 119. The cap 114 is secured to and may be formed integral with a

shank 125 and slidably received a pair of engager rods 132, 133, the significance

of which will be explained in greater detail hereinbelow. Formed on an extended

portion of the shank 125 is a surfaced area 126 which receives a quick connect

of a drive device (not shown). This drive device may be a variable power

assisted or manual drill (again, not shown).



[0052] The engager rods 132, 133 are secured to or formed integrally with an

engager 130. The engager 130 may be of an enlarged disc which allows for ease

in pushing the engager rods 132, 133 through the cap 114 and into contact with

the semi-cylinders 142, 143 in order to displace the semi-cylinders 142, 143

toward a distal end of the guide tube 118. A force dispersing disc 131 may be

positioned between the ends of the engager rods 132, 133 and the end surface of

the semi-cylinders 142, 143 in order to better transfer the force exerted by the

engager rods 132, 133 to the semi-cylinders 142, 143 to aid in the simultaneous

movement of the semi-cylinders 142, 143 through the guide tube 118. Once the

engager rods 132, 133 are fully inserted into the guide tube 118 through the cap

114, the engager is secured in place by way of at least one hex set screw 135. In

doing so, the semi-cylinders 142, 143, maintain the cutters 116 of the cutter bar

110 in the extended position. Once the cutters 116 are extended into the bone,

the guide tube 118 and cutters 116 are rotated to cut "O" ring grooves or rifling

into the interior surface of the bone. After the undercuts have been formed in the

bone, the engager is released by unscrewing the hex set screw 135 which permits

the engager rods 132, 133 to be retracted from the guide tube 118 and thus

permits the semi-cylinders 142, 143 to return to their original position due to a

force from a coil spring 150 (discussed in greater detail hereinbelow) thereby

retracting the cutters 116 from the bone and back into the guide tube 118 due to

the influence of the cam slots 117 on the pins 140, 141. Thereby permitting the

guide tube to be readily removed from the intramedullary canal. Alternatively,

when it is desired to form a spiral undercut in the bone, the undercut reamer 110

may be retracted during the rotation of the reamer and stopped where desired. If

the reamer is not fully rotated out of the intramedullary canal, the above

procedure of retracting the cutters 116 can be carried out at any time to remove

the reamer from the intramedullary canal.

[0053] As shown in Figure 8, and as discussed hereinabove, the external

portion of the reamer 100 includes an engager 130 having a pair of engager rods

132, 133 which extend through the cap 114 and into the guide tube 118, to apply



pressure on the semi-cylinders 142, 143, and move the cutter bar 110 inside the

guide tube to force the cutters 116 to extend out through the opening(s) 120.

Once the cutters 116 are extended through the opening(s) 120 of the guide tube

118 and engage to the internal surface of the intramedullary canal of the bone,

the guide tube 118 and cutters 116 are rotated to cut either the "O" ring grooves

or spiral grooves into the interior surface of the bone.

[0054] The internal structure of the reamer 100 is further illustrated in Figure

9, which shows a partial cross-sectional view of the undercut reamer 100.

Specifically, the undercut reamer 100 is cut-in-half through the elongated axis,

with the top half removed to reveal the internal structure. In particular, Figure 9

shows the guide tube 118 and one of the semi-cylinders 142. As is readily

apparent from Figure 9, the semi-cylinder 142 includes a plurality of cam slots

117 which are formed therein and receive the pins 140, 141 of the cutter bar 110

(not shown). As can be appreciated, because the cam slots 117 are positioned at

an angle with respect to the central axis of the guide tube 118, as the semi-

cylinders 142, 143 are moved in the axial direction of the guide tube 118, the

pins 140, 141 of the cutter bar 110 will be driven towards the periphery of the

guide tube 118 thus forcing the cutters 116 towards the periphery of the guide

tube 118 and out through the opening(s) 120 formed therein. Also shown in

Figure 9 is the coil spring 150. The specific structure of the coil spring 150 will

be discussed in greater detail hereinbelow with respect to Figure 11.

[0055] A perspective view of the cutter bar 116 is shown in Figure 10. The

figure shows 3 sets of pins 140, 141 and 3 cutters 116. As can be ready

appreciated, any number of pin sets and cutters can be used and the number of

pin sets need not equal the number of cutters. Further, while the pins are

illustrated as being in sets extending collinear with one another, the sets may be

offset from one another or even extend from only one side of the cutter bar 110.

Additionally, and end 146 of the cutter bar 110 is of a reduced dimension. This

enables the end 146 to extend beyond the semi-cylinders and through the coil



spring 150 and into contact with a stop 151 positioned in the distal end of the

guide tube 118. This feature will be explained in greater detail hereinbelow with

respect to Figure 11.

[0056] The semi-cylinders 142 and 143 as well as the cutter bar 110 can only

move within a limited range inside the guide tube 118. Figure 11 is a perspective

view of the guide tube 118 in an opened-up condition similar to Figure 9

including the cutter bar 110 positioned therein. The spring assist mechanism

includes the coil spring 150 and stop 151. The semi-cylinders 142, 143 are

displaced within the guide tube 118 and positioned against the spring assist

mechanism and particularly the coil spring 150. The coil spring 150 resists

movement of the semi-cylinders 142, 143 inside the guide tube 118 when the

semi-cylinders are moved towards the distal end of the guide tube 118. The coil

spring 150 also provides a force for directing the semi-cylinders 142, 143 away

from the distal end of the guide tube 118 when the cutters 116 are to be retracted

into the guide tube 118 for removal of the device.

[0057] As noted from Figure 11, the reduced end 146 of the cutter bar 110 is

positioned in contact or at least close proximity to the stop 151 and the pins 140

are positioned within the slots 117. In doing so, when a force is applied to the

semi-cylinders 142, 143 in the axial direction of the guide tube 118, the reduced

end 146 of the cutter bar 110 contacts the stop 151 to prevent axial movement of

the cutter bar 110 such that the cutter bar 110 is moved laterally toward the

periphery of the guide tube 118 by way of the pins 140, 141 which move through

corresponding cam slots 117 formed in the semi-cylinders 142, 143. As a result,

when the engager is pushed down, the cutter bar 110 moves laterally within the

guide tube 118 and towards the periphery of the tube, thereby the cutters 116 on

the cutter bar 110 extend out through the opening(s) 120 of the guide tube 118.

[0058] As with most surgical instruments, a majority of the undercut reamer

100 is made of stainless steel. However, any known material which is of

sufficient strength to endure the stress placed on the device when in use and that



can be readily cleaned and sterilized after each use may be employed. Such

disassembly could include the guide tube 118 being divided into two halves.

Further, one or more of the components of the undercut reamer may be

disposable, particularly the cutter bar 110.

[0059] Similar to the device illustrated in Figures 7-11, Figures 12-14

illustrate a slightly modified embodiment of the present invention. Similar to that

discussed above, the undercut reamer 200 is formed primarily of stainless steel;

however, other known materials which are of sufficient strength to endure the

stress placed on the device when in use and that can be readily cleaned and

sterilized after each use may be used. Such disassembly could include the guide

tube being divided into two halves. Figure 12 illustrates the undercut reamer

200 of the bone rifling system (BRS) in accordance with the present invention.

Like the device of Figure 7, the undercut reamer 200 set forth in Figures 12-14

includes multiple components which allow the reamer to be placed into the

intramedullary canal and once positioned correctly, can cut either circular or

spiral undercuts in the inner wall of the bone. The undercut reamer 200

includes a guide tube 218. In accordance with this embodiment, the components

positioned in the interior of the guide tube 218 are substantially identical to those

discussed with respect to Figures 7-1 1. Particularly, the undercut reamer 200 of

Figures 12-14 includes a cutter bar which is a flat bar that fits within the guide

tube 218 and includes cutters 216 and pins that fit within the openings or cam

slots formed in positioning semi-cylinders. As with the previous embodiment,

when the semi-cylinders are pushed by force toward the distal end of the device,

the cutter bar is maintained in its axial position and the pins of the cutter bar

move through the guided path as directed by the cam slots, which allow the

cutter bar to move away from a central axis of the guide tube 218 towards the

peripheral edge of the guide tube 218, thus forcing the cutters 216 from the

retracted position illustrated in Figure 13 to the extended position illustrated in

Figure 14, wherein the cutters 216 to extend out through openings 220 formed in

the guide tube 218.



[0060] Like the previous embodiment, the guide tube 218 is provided to

allow proper placement of the cutter bar within the intramedullary canal. The

guide tube 218 may come in multiple diameters and lengths to enable

appropriate sizing for multiple size canals. The guide tube 218 is provided with

multiple openings 220 to allow the cutters 216 of the cutter bar to be extended

and retracted through the guide tube 218 and into and out of the bone. Like the

previous embodiment, the guide tube 218 may also contain a continuous suction-

irrigation tube as well as an external port and connection therein to permit the

extraction of debris from the cutting process. The continuous suction-irrigation

system (not shown) being similar to those currently used in connection with

various bone reaming devices.

[0061] The undercut reamer 200 illustrated in Figure 12 includes a cap 214

which is mechanically fastened to the guide tube 218 by way of one or more hex

set screws 219. The cap 214 is secured to and is preferably formed integrally

with a shank 225. The cap 214 slidably receives a pair of engager rods 232, 233,

the significance of which is similar to that of the previous embodiment and will

be explained in greater detail hereinbelow. The free end of the shank 225

receives a quick connect of a drive device (not shown). This drive device may be

a variable power assisted or manual drill (again, not shown).

[0062] The engager rods 232, 233 are secured to or formed integrally with an

engager 230. The engager 230 may be of an enlarged disc which allows for ease

in pushing the engager rods 232, 233 through the cap 214 and into contact with

the semi-cylinders positioned inside the guide tube 218 in order to displace the

semi-cylinders toward a distal end of the guide tube 218. A locking ring 238 is

also positioned on the shank 225 in order to maintain the cutters in their

extended position. The locking ring 238 includes at least one hex set screw

received in screw hole 240 in order to maintain the position of the locking ring

238 along the shank 225. A force dispersing disc (not shown) may be positioned

between the ends of the engager rods 232, 233 and the end surface of the semi-



cylinders in order to better transfer the force exerted by the engager rods 232,

233 to the semi-cylinders to aid in the simultaneous movement of the semi-

cylinders through the guide tube 218.

[0063] The enlarged disc forming the engager 230 may be of a single piece

or of a two piece construction wherein the engager 230 has an inner disc which

is fixedly secured to the engager rods 232, 233 and an outer disc which rotatably

receives the inner disc. In doing so, during the rotation of the undercut reamer

device 200, the outer disc can be held stationary thereby leaving the inner disc

which is integral with the engager rods 232, 233 which are extend through the

cap 214 and into the guide tube 218 to rotate as directed by the power assist

mechanism or manual drill. A handle 244 may also be positioned on the guide

tube 218 to assist in manipulating the device.

[0064] In use, the undercut reamer 200 and particularly the guide tube 218

of the undercut reamer 200 is inserted into the intramedullary canal. During this

insertion, the cutters 216 are in the retracted position. Once the guide tube is

properly positioned within the intramedullary canal, the engager rods 232, 233

are forced into the guide tube 218 through the cap 214 by pushing forward on

the engager 230. Once the engager rods 232, 233 are extended a desired distance

into the guide tube 218 and the cutters are extended a desired distance from the

guide tube 218, the engager 230 is secured in place by way of the locking ring

238 by the hex set screw. In doing so, the semi-cylinders, maintain the cutters

216 of the cutter bar in the extended position. Once the cutters 216 are extended

into the bone, the guide tube 218 including the cutters 216 are rotated to cut "O"

ring grooves or rifling into the interior surface of the bone. It should be noted

that the distance in which the cutters 216 extend from the guide tube 218 is

dependent on both the length of the cutters 216 as well as the distance in which

the semi-cylinders are displaced in the axial direction of the guide tube 218.

This displacement may also be controlled by the distance in which the engager

rods 232, 233 are inserted into the guide tube. Accordingly, the user may readily



adjust the amount of penetration the cutters 216 make into the intramedullary

canal.

[0065] After the undercuts have been formed in the intramedullary canal of

the bone, the engager 230 is released by unscrewing the hex set screw

maintaining the locking ring 238 in place, which permits the engager rods 232,

233 to be retracted from the guide tube 218 and thus permits the semi-cylinders

to return to their original position due to a force from a coil spring positioned in

the distal end of the guide tube 218, similar to that illustrated in Figure 11. In

doing so, the cutters 216 are retracted from the bone, back into the guide tube

218 due to the influence of the cam slots of the semi-cylinders and the pins of

the cutter bar, similar to that of the previous embodiment, thereby permitting the

guide tube to be readily removed from the intramedullary canal. Alternatively,

when it is desired to form a spiral undercut in the bone, the undercut reamer 200

may be retracted during the rotation of the reamer and stopped where desired. If

the reamer is not fully rotated out of the intramedullary canal, the above

procedure of retracting the cutters 216 can be carried out at any time to remove

the reamer from the intramedullary canal.

[0066] The present invention also provides a method for unique prosthetic

bone fixation using the disclosed new bone rifling system (BRS). The method

comprises the steps of using the BRS to cut circular or spiral grooves on the

internal surface of the bone, remove the reamer and also remove the debris

generated during the cut, placing a desired implant in the bone, and placing

cement in the bone to secure the implant to the bone. More specifically, the

method comprises inserting the orthopedic undercut reamer into the desired

location inside the bone, pushing the engager by hand or using other means to

move the engager rods forward to force the cutter bar laterally through the guide

tube by forcing the pins of the cutter bar to move through the guided path

formed by the slots in the semi-cylinders to extend the cutters through openings

formed in the guide tube, engage the cutting teeth with the internal surface of the



bone, connect a universal adapter to a power source, rotate the cuter bar to allow

the cutting teeth to cut grooves on the internal surface of the bone, continuously

irrigating and suctioning the debris formed by the undercut reaming or rifling to

permit accurate and safe reaming and avoid stress fractures during the

undercutting process. Then retracting the cutters to disengage from the bone

after the cutting is complete, allowing the undercut reamer to be removed

without disturbing the undercuts (negative ridges) created by the reamer, and

finally placing a desired implant in the bone and placing cement in the bone to

secure the implant to the bone.

[0067] While the foregoing invention is described with reference to several

embodiments, the present invention may be practiced otherwise without

departing from the spirit and scope of the invention. While various

embodiments in accordance with the present invention have been shown and

described, it is understood that the invention is not limited thereto. The present

invention may be changed, modified and further applied by those skilled in the

art. Therefore, this invention is not limited to the detail shown and described

previously, but also includes all such changes and modifications.



We Claim:

1. A bone rifling system (BRS) for use in placing an endoprosthesis,

including an orthopedic undercut reamer comprising;

a guide tube having a proximal and distal end,

a cutter bar having at least one cutter extending from a portion of said

cutter bar, said cutter bar positioned within said guide tube between the proximal

and distal ends of said guide tube and displaceable to extend said at least one

cutter from an outer surface of said guide tube;

an engager for engaging said cutter for controlling the displacement of

said cutter bar; and

a cap for closing the proximal end of the guide tube.

2 . The bone rifling system of claim 1, wherein said guide tube includes at

least one opening in a side wall thereof for receiving said at least one cutter of

said cutter bar.

3 . The bone rifling system of claim 1, wherein said at least one cutter

extends out through said at least one opening in the guide tube exposing said at

least one cutter to cut at least one groove on the internal surface of a bone.

4 . The bone rifling system of claim 3, wherein said at least one cutter is

retractable through said at least one opening in said guide tube to disengage said

cutter from the bone after cutting, allowing the reamer to be removed from the

bone before placement of the endoprothesis.

5 . The bone rifling system of claim 4, further comprising at least one semi-

cylinder for displacing said cutter bar in response to movement of said

engagement rods.

6 . The bone rifling system of claim 5, wherein said engager for engaging

said cutter for controlling the displacement of said cutter bar further includes at



least one engagement rod extending from said engager through said cap and in

contact with said at least one semi-cylinder .

7 . The bone rifling system of claim 6, further comprising a pair of semi-

cylinders having said cutter bar positioned between said semi-cylinders and said

engager includes at least two engagement rods.

8. The bone rifling system of claim 7, wherein said cutter bar includes at

least one guide pin and at least one of said semi-cylinders includes at least one

guide slot such that said at least one guide slot receives said at least one guide

pin for controlling the displacement of said cutter bar.

9 . The bone rifling system of claim 8, wherein said cutter bar includes a

plurality of guide pins and said semi-cylinders include a corresponding number

of guide slots for receiving a respective one of said guide pins for controlling the

displacement of said cutter bar.

10. The bone rifling system of claim 9, wherein said engagement rods engage

said semi-cylinders through said cap to provide a pushing force, to displace the

semi-cylinders in a substantially axial direction of the guide tube and the cutter

bar in a substantially radial direction of the guide tube.

11. The bone rifling system of claim 10 wherein said cap includes a shank

extending therefrom away from said guide tube and a power source can be

connected to said shank to rotate said guide tube and cutter bar for cutting the

bone.

12. The bone rifling system of claim 11 wherein said engager is positioned on

said shank and said engagement rods extend substantially parallel to said shank.



13. The bone rifling system of claim 11, wherein the undercut reamer can cut

circular grooves or spiral grooves in the internal surface of the bone to a increase

fixation strength between the bone and the endoprothesis.

14. A method of preparing bone for a prosthesis, comprising:

providing a bone rifling system for cutting circular or spiral grooves on

the internal surface of a host bone, said bone rifling system including an

undercut reamer;

positioning said undercut reamer with an intramedullary canal of the

bone;

extending at least one cutter from a surface of said undercut reamer;

rotating said undercut reamer and said cutter to form an undercut in the

intramedullary canal of the bone;

retracting said at least one cutter to a position within the surface of said

undercut reamer; and

removing said undercut reamer from the intramedullary canal of the bone.

15. The method of claim 14, further comprising placing cement in the

intramedullary canal of the bone to secure the implant to the bone.

16. The method of claim 14, further comprising removing debris generated

during the undercutting process.

17. The method of claim 14, wherein the undercut reamer for cutting circular

or spiral undercut groove the intramedullary canal of the bone comprises:

a guide tube having a proximal and distal end,

a cutter bar having at least one cutter extending from a portion of said

cutter bar, said cutter bar positioned within said guide tube between the proximal

and distal ends of said guide tube and displaceable to extend said at least one

cutter from an outer surface of said guide tube;



an engager for engaging said cutter for controlling the displacement of

said cutter bar; and

a cap for closing the proximal end of the guide tube.

18. The method of claim 17, wherein said guide tube includes at least one

opening in a side wall thereof for receiving said at least one cutter of said cutter

bar.

19. The method of claim 17, wherein said at least one cutter extends out

through said at least one opening in the guide tube exposing said at least one

cutter to cut at least one groove on the internal surface of a bone.

20. The method of claim 19, wherein said at least one cutter is retractable

through said at least one opening in said guide tube to disengage said cutter from

the bone after cutting, allowing the reamer to be removed from the bone before

placement of the endoprothesis.

21. The method of claim 20, further comprising at least one semi-cylinder for

displacing said cutter bar in response to movement of said engagement rods.

22. The method of claim 21, wherein said engager for engaging said cutter

for controlling the displacement of said cutter bar further includes at least one

engagement rod extending from said engager through said cap and in contact

with said at least one semi-cylinder .

23. The method of claim 23, further comprising a pair of semi-cylinders

having said cutter bar positioned between said semi-cylinders and said engager

includes at least two engagement rods.



24. The method of claim 23, wherein said cutter bar includes at least one

guide pin and at least one of said semi-cylinders includes at least one guide slot

such that said at least one guide slot receives said at least one guide pin for

controlling the displacement of said cutter bar.

25. The method of claim 24, wherein said cutter bar includes a plurality of

guide pins and said semi-cylinders include a corresponding number of guide

slots for receiving a respective one of said guide pins for controlling the

displacement of said cutter bar.

26. The method of claim 25, wherein said engagement rods engage said semi-

cylinders through said cap to provide a pushing force, to displace the semi-

cylinders in a substantially axial direction of the guide tube and the cutter bar in

a substantially radial direction of the guide tube.

27. The method of claim 26, wherein said cap includes a shank extending

therefrom away from said guide tube and a power source can be connected to

said shank to rotate said guide tube and cutter bar for cutting the bone.

28. The method of claim 27, wherein said engager is positioned on said shank

and said engagement rods extend substantially parallel to said shank.

29. The method of claim 27, wherein the undercut reamer can cut circular

grooves or spiral grooves in the internal surface of the bone to a increase fixation

strength between the bone and the endoprothesis.
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