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(57) ABSTRACT

An easy-to-assemble, disposable spherical hollow reamer for
medical applications mncludes a shaft portion, a disposable
spherical hollow reamer and a central conical plate. The shaft
portion has a proximal end for attachment to a drill, a central
conical element and a distal precision threaded screw end.
The spherical hollow reamer has plurality of cutters and apet-
tures that extend through its thickness. The spherical hollow
reamer has a precision threaded aperture that engages with the
threaded end of the reusable shaft precisely aligning the cen-
terline of the shaft with that of the spherical hollow reamer,
providing wobble free reaming action. The central conical
plate in combination with the interior surface of the spherical
hollow reamer forms an enclosed space for capturing bone
fragment and bone cement debris.

8 Claims, 8 Drawing Sheets
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MODULAR SPHERICAL HOLLOW REAMER
ASSEMBLY FOR MEDICAL APPLICATIONS

This is a Continuation-In-Part of application Ser. No.
11/973,260, filed Oct. 5, 2007 for “Modular Tapered Hollow
Reamer For Medical Applications™ which, i turn, 15 a Con-
tinvation-In-Part of application Ser. No. 11/704,754, filed
Feh. 9, 2007, the disclosures of which are hereby incorporated
in their entirety by reference thereto.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a modular easy-to-as-
semble modular spherical hollow reamer assembly for medi-
cal applications; and more particularly, to a spherical hollow
reamer having a disposable spherical reamer, which can be
attached concentric to the centerline of a reusable shaft por-
tion and includes a bone fragment and bone debris capturing
cavity.

2. Description of the Prior Art

Reaming of the internal canal of bones is required in many
surgical procedures of orthopedic surgery. These procedures
include hip replacement and shoulder replacement, and the
like. Reamers are used in procedures that involve creation of
acetabular bone cavities that accept a properly sized acetabu-
lar cups. Prior art reamers typically fall into two major
classes: rigid and flexible shaft. Typically, reaming of the
internal bone cavity is achieved through utilization of a solid
spherical reamer some having provisions for discharging and
collecting reamed bone fragments. Solid spherical reamers
currently utilized are required to cut both cancellous bone
(spongy bone) and cortical bone (hard bone). Cortical bone 1s
generally denser and stronger, requiring an efficient cutter to
machine the acetabular cavity for a proper fit of the acetabular
cup. Conventional spherical reamers can cut cortical bone
initially but can quickly dull after a single use, or at best a few
uses. Once the reamer has dull cutting edges, it reduces the
efficiency of bone cutting and 1 addition generates sufficient
friction/heat to damage or kill the surrounding bone. These
prior art solid spherical reamers are intended for multiple uses
and therefore become less efficient after each surgery, result-
ing in poor cutting performance and bone necrosis. These dull
blades also incorporate bone debris or bone cement debris
into the living bone tissve, creating bone healing problems
and fixation of an implanted acetabular cup.

U.S. Pat. No. 4,116,200 to Braun et al. discloses a mulling
tool for surgical purposes. This surgical milling tool is oper-
ated with a hand-operated milling machine for milling the
lieads or sockets of bone joints of a spherical shape. The tool
is formed of a hemispherical cup integrally formed with a
cylindrical skirt and flange and 13 provided with a plurality of
openings of semi-oval shape, each having a cutting edge
arranged at the minor axis of the oval shape. The openings are
situated such that, upon rotation of the cup, the cutting edges
thereof overlap to provide a continuous cutting edge surface
conforming generally to the shape of the cup. The formation
of fine bone shavings 15 avoided by use of this milling tool.
The surgical milling tool utilizes a integrally formed hemi-
spherical cup having a plurality of openings appointed with
cutting edges for milling sockets of bone joints. The heru-
sphetical shape of cup provides the ability to hollow out the
arcuate shape of the bone joints. Bone and cartilage shavings
are formed during the milling process and are collected in a
horder area inside of the hemispherical cup. The surgical
milling tool is provided for multiple use and is not a dispos-
able spherical hollow reamer, and therefore the tool will
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become less efficient after each surgery, resulting n poor
cutting performance and bone necrosis.

U.S. Pat. No. 4.811,632 to Salyer discloses surgical
reamer. a method of producing an acetabular reamer cup. This
method comprises the steps of fabricating a bowl-shaped
cup-blank having an outer surface, an inner surface and arim,
perforating a plurality of holes through the cup-blank, the
holes each being surrounded by a margin, deforming out-
wardly a cutting portion of the margin of each of the holes,
smoothing the outer surface of the cup-blank to sharpen the
deformed cutting portions, raising cutting edges from the
cutting portions and removing the rim. The cutting edges are
disposed to cut upon rotation of the acetabular reamer. The
cup manufactured by this method is prefetred because of its
improved strength and consistently superior cutting edges.
The acetabular reamer utilizes a hemispherical or bowl-
shaped cup having a spherical construction and a plurality
cutting openings for milling sockets of joints. The hemi-
spherical shape of reamer provides the ability to hollow out
the arcuate shape of the bone joints. The acetabular reamer is
provided for multiple use, and therefore the tool will become
less efficient after each surgery, resulting in poor cutting
performance and bone necrosis.

U.S. Pat. No. 5,100,267 and its continuation in part U.S.
Pat. No. 5,299,893 to Salyer disclose a disposable acetabular
reamer cup. The disposable acetabular reamer cup has a cut-
ting bowl having a plurality of cutting edges. The cutting bow]
has perforations adjoining the cutting edges. The cutting bowl
defines an axis of rotation. The cutting bow] has a bottom
opening. A transparent polymeric plug is joined to the cutting
bowl. The plug is concentric with the axis of rotation. It
occupies the bottom opening: and has a too] driver opening
concentric with the axis of rotation. When a torque is applied,
the bowl 1s turned with respect to the plug, which means that
the cutting torque is transmitted through the plug and trans-
ferred to the cutting plug through the detents. There is no
direct connection between the shaft and the cutting bowl other
than through the plug. Concentricity of the cutting bowl with
respect to that of the shaft is therefore not assured.

U.S. Pat. No. 5,116,165 to Salyer discloses an acetabular
reamer cup. This acetabular reamer cup comprises a cutting
bowl having a plurality of singly curved cutting edges. The
cutting bow] has a plurality of slots preceding the cutting
edges. The cutting bowl defines an axis of rotation. A bottom
is joined to the cutting bowl. The bottom has a tool driver
opening concentric with the axis of rotation. With a right
handed acetabular reamer cup that cuts when pressed against
a substrate and rotated in a clockwise direction, slots are
positioned to the right of respective cutters. There is no direct
connection between the shaft and the cutting bow] other than
through the base aperture. The concentricity of the cutting
bowl with respect to that of the shaft is therefore not assured.

U.S. Pat. No. 5,376,092 to Hein, et al. discloses a reamer
for shaping bone sockets. This reamer shapes a socket, such
as a hip socket. It comprises a cutting head located at one end
of a rotatably driven shaft and having a hemispherical portion
with a hemispherical exterior surface. The hemisphetical pot-
tion containg an open substantially hollow chamber and heli-
cal openings such as slots, in said hemispherical portion
connecting between the exterior surface and the chamber. The
trailing portion of each of the openings has a cutting ot trail-
ing edge raised slightly above the leading edge of the opeming
or slot to move material from the socket into the chamber
during rotation of the cutting head. The cutting edges having
serrations thereon. At least two cufting edges extending
across the polar region of the cutting head. A stem extending
from the interior center point of the substantially hollow
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chamber and extending along the polar axis of the hemu-
spherical reamer for connecting and disconnecting the cutting
liead to a rotatable source. The reamer for shaping bones is a
solid reamer that is not disposable. It is attached to a drive
shaft by sliding the shaft nto an aperture and locking with a
pi, as shown in the drawing. Since there is always a slack
hetween a cylindrical shaft and a cylindrical aperture, the
reamer is not centered in alignment with the shaft centerline.

U.S. Pat. No. 5,700,688, as well as U.S. Pat. Nos. 6,001,
105, and 6,428,543 to Salyer disclose an acetabular reamer
cup and method of producing the same. This method for
making an acetabular reamer cup for an acetabular reamer
comprises the steps of: fabricating a bow] shaped cup-blank
having outer and mner bowl shaped surfaces, perforating a
plurality of holes through the cup-blank, the holes each are
surrounded by a curved margin, deforming outwardly of the
outer surface a cutting portion of the margin of each of the
lLoles, thereby forming cutting edges, the cutting portions are
curved owrwardly of the outer surface, the cutting edges are
curved tangentially of the outer surface and disposed to cut
upon rotation of the acetabular reamer. An acetabular reamer
cup is also provided with a cutting bowl] having a plurality of
curved cutting edges. The cutting bowl has a plurality of
openings preceding the cutting edges, and a generally conical
rise following the cutting edges. The cutting edges are spirally
arranged about the axis of rotation of the cutting bowl, and a
hottom adjoined to the cutting bowl. The hottom has a tool
driver opening coaxial with the cutting bow] and the cutting
edges. Bone debris collection compartment is located directly
below the acetabular reamer. Bottom of the acetabular reamer
has a tool driver opening, which is concentric with the cutting
howl. The driver opening engages with the shaft, which drives
the acetabular reamer. This form of attachment of the shaft
with the acetabular reamer does not ensure alignment of axis
of the shaft with that of the acetabular reamer. The acetabular
reamer is not indicated to be disposable.

U.S, Pat. No. 5,755.719 to Frieze, et al. discloses an
acetabular reamer. This acetabular reamer includes a base, a
first set of semi-circular blades attached to the base, and a
second set of semi-circular blades also contacting said base,
and crossing and intersecting with said first set of blades at
right angles thereto. The base preferably comprises a circular
plate having a hexagonal drive hole n the center thereof and
a plurality of slots in the periphery thereof for anchoring the
blades. Each semi-circular blade includes a first end having a
projection thereon, a second end opposite from said first end
and also having a projection thereon, a first edge having
serrated cutting teeth thereon, a second edge opposite from
said first edge, and a first and second side surface. The cutting
edge of the first set of blades includes a plurality of outwardly
facing slots, which mate with and engage a second set of
inwardly facing slots in the second edge of said second
blades. When the first and second set of blades are assembled
inthis fashion the cutting edges of both sets of blades lie inthe
same spherical plane. The projections can comprise snap-in
projections that automatically lock in position or projections
that can be twisted and locked into position. Alternatively, the
base can comprise a pair of upper and lower plates with
apertures in the upper plate such that when the blade projec-
tions mate with the apertures, riveting of the lower plate with
respect to the upper plate locks the projections and their
related blades into position on the base. When the reamer 1s
assembled it has a hemispherical shape suitable for reaming
the acetabulum of the hip so that the acetabular portion of a
hip implant properly fits into the acetabulum. The acetabular
reamer 1s an open structure and the bone fragments will
migrate back into the cutting zone, since no containment
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space is formed by the open structure of the cutter blades
inserted into the base. The drive shaft is coupled to a hexago-
nal aperture in the base plate and this method of attachiment
does not align the hemispherical cutter centerline with that of
the drive shaft resulting in the wobbliness of the cutter in the
bone cavity.

U.S. Pat. No. 5,976,144 to Fishbein et al. discloses a hollow
dome reamer with removable teeth. This surgical reamer has
a hollow dome with apertures spaced apart arranged n arcs
extending from an apex ofthe dome to the base portion of the
dome. Removable teeth are positioned in the apertures. Each
cutting tooth has a flange that is aligned flush with the external
surface of the dome, and a raised cufting edge extending
above the flange and the external surface of the dome. An
nterior passageway commuicates between the outside and
inside of the dome. A base plate is removably secured on the
base portion of the dome to provide closure of the central
cavity of the dome. A perspective view of the cutter of the
reamer is shown hereinbelow on the left; a perspective view of
the reamer with removable, replaceable cutters is shown
herein on the right. The base plate is secured to the dome by
retaining springs. A drive shaft is connected to the base plate
through an aperture in the base plate and held n place by a
spring. The surgical reamer has a hollow dome with apertures
spaced apart appointed to receive removable teeth positioned
therein. Although the teeth are removable, they are not dis-
posable in nature; the teeth are removed for replacement or
for re-sharpening and are vsed agan. The dome is connected
to a base plate, which is further connected to a shaft member
and retained by a spring clip and an interlocking latch. There
is no direct attachment of the shaft to the dome and this
multitude of connections to the shaft does not assure that the
centerline of the shaft coincides with that of the hollow dome.

U.8. Pat. No. 5,980,170 to Salver as well as U 8. Pat. Nos.
5.817,006, 5501.686, 3,282,804, 5236433, 5,171.313.
5,171,312 disclose a tool driver. This tool driver has a shaft
with a longitudinal axis and opposite ends. A boss is secured
at one of said shaft ends by which the tool driver 1s connected
to a rotary tool. A tool collate is secured at the other of the
shatt ends by which the tool driver may be driven by a surgical
hand piece having a chuck in which the collate may be posi-
tioned. The boss has adistal end surface with a groove therein.
Botl the groove and the distal end surface extend transversely
of the axis. A pin is positioned in the groove on the axis. A
latch mechanism is provided to hold a mounting bar of a
rotary tool in the groove on the pin, whereby the rotary tool is
held exactly coaxially of the deaver during use. The rotary
tool, which is used with the driver has a bar which has the
same dimensions as the groove in the boss ofthe tool driver of
the invention. The bar thus fills the slot and is complementary
to the slot. The bar has a hole therein which is complementary
to the pin. The pin extends coaxially of the shaft and the boss.
The bar hole in which the pin of the tool driver is positioned
is precisely coaxial of the axis of the tool about which the
cutting edges are precisely positioned. The tool driver has a
shaft appointed to receive acetabular reamer cups and patella
cutters. The cutters are appointed to be connected to the tip of
the shaft by means of mounting bar in the cutter and a slot in
the shaft secured by a complementary pin. This method of
attachment using a mounting bar that slides into a slot clearly
does not align the centerline of the shaft and that of the
reamer.

U.S. Pat. No. 6,168,600 to Grace, et al discloses an
acetabular reamer backing plate and method of use. This
backing plate is for an acetabular reamer assembly that allows
for the attachment of a reamer driver. The acetabular reamer
assembly comprises a cutting cup and backing plate, the
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cutting cup having an external surface with cutting teeth
formed therein and having an internal surface, the cutting cup
terminating in a peripheral edge. The rigid backing plate has
a planar surface, which terminates in an outer circumferential
edge, the outer circumferential edge being coupled to the
petipheral bottom edge of the cutting cup, the rigid plate also
having an internal edge profile. The internal edge profile of
the rigid backing plate has at least two finger elements pro-
truding from the outer circumferential edge thereof towards a
central vertical axis drawn perpendicular to the planar surface
of the plate. Further, the finger elements of the backing plate
form a holding opening for a reamer driver. The internal edge
profile of the backing plate forms at least one observation
opening in addition to the holding opening to allow bone
fragments forming within the acetabular reamer to be visually
inspected while the reamer is in use. The finger elements
terminate to form a contact surface to make firm contact with
the driver when inserted in the holding opening. The contact
surface can be simple or complex. Further, the internal edge
profile 15 continuous so that the machiing process for the
backing plate is simplified. The acetabular backing plate is
welded or mechanically attached to the spherical reamer and
the shaft is connected to the backing plate via a slidable
attachment. Due to the clearance at the sliding interface, the
centerline of the spherical reamer need not concide with that
of the drive shaft and the cutting action can be wobbly. The
welded spherical reamer is not indicated to be a disposable
sphetical hollow reamer.

U.S. Pat. No. 6,409,732 to Salyer discloses a tool driver.
This tool driver has a shaft with a longitudinal axis and
opposite ends. A boss is secured at one of the shaft ends by
which the tool driver is connected to a rotary tool. A tool
collate 15 secured to the other of the shaft ends by which the
tool driver may be driven by a surgical hand piece having a
chuck in which the collate may be positioned. The boss is
equipped with a securing device of the bayonet type having a
latch mechanism, which holds the rotary tool on the boss
coaxially of the driver during use. The securing device has a
tapered bore extending from the distal end of the boss axially
of the shaft. The rotary tool has a diametrical bar extending
across a bottom tool driver opening with a centrally located
circular disk therein. The disk of the rotary tool fits within the
bore of the tool shaft boss so as to concentrically locate the
rotary tool and the tool shaft on the same axis. The latch
mechanism holds the tool driver and the tool together in this
position, whereby rotary tools of a multitude of sizes can be
secured concentrically to the tool shaft without holding a
plurality of critical tolerances when machining the bayonet
type securing device or the rotary tool bottom bar. The tool
driver is a shaft with a slot on the end that receives the
acetabular reamer. It deals with the details of the device for
attaclung the acetabular reamer to the shaft. This type of
slotted attachment does not result in coaxial mounting of the
reamer that is coincident with the centerline of the shaft, even
though the different components of the shaft are said to be
coaxially aligned. The reamer is not indicated to be dispos-
able.

U.S. Pat. No. 6,730,094 to Salyer et al. discloses cutting
edges for reamers and a method for making same. Each
reamer has a plurality of cutters spirally arranged on reamer
surface. Eachi cutter has a continuous cutting edge. Edges may
be generally straight in planes petpendicular to the reamer
surface or tangential or parallel to the tangential plane with
respect to the reamer surface. Cutting edges may also be
curved in planes perpendicular to the reamer surface or par-
allel or tangential to the reamer surface. Further, the curvature
may be convex, or concave or of other complex shapes. There
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need be no relationship between the shape of cutting edges
and the shape of reamer surface. In fact, one may be curved
and the other straight, or both may be curved in the same or
opposite directions. These relate to the edge geometry of the
cutting edges of the reamer. As explicitly stated mn the sum-
mary, “It 1s also an advantage of the invention to provide a
new and improved reamer that can be stripped in the field and
sterilized for re-use, and which does not have crevices and
other structures to hold bone chips and tissue which cannot be
easily dislodged prior to sterilization™, the reamer is intended
to be reused after sterilization and is not a disposable spheri-
cal reamer.

U.S. Pat. No. 6,875,217 to Wolford discloses an orthopedic
reamer assembly. This orthopedic reamer assembly includes
a reamer with a generally henispherical shell having a con-
cave side and at least one attachment feature associated with
the concave side. A driver is attachable to the reamer and has
a shaft with a reamer end. A releasable collar is disposed on
the reamer end, which includes a boss having at least one
retaining pin. A sleeve is fitted over the boss and includes a
groove that is proximate to a corresponding retaining pin. The
reamer has a cavity in the reamer end with a biasing element.
The basing element biases the sleeve in a closed position
respective to the boss. A release pin, which press fits into the
sleeve is provided in the reamer end, and 15 conveyed through
the cavity, with the biasing element biasing against the release
pin. The orthopedic reamer assembly is a complicated attach-
ment of design of the drive shaft to an acetabular reamer with
multiple sliding parts. Since each of the sliding parts requires
a sliding fit, there are inherent displacement possibilities and
therefore, the centerline of the shaft is not reliably aligned
with the centerline of the acetabular reamer. Moreover, the
acetabular reamer 15 not indicated to be a disposable spherical
hollow reamer and has complicated machined elements for
sliding fit.

U.S. Patent Application Publication No. 2003/0181916 to
Wolford discloses an orthopedic reamer with flat cutting
teeth. This orthopedic reamer 15 for cutting bone and includes
a shaft and a head coupled with the shaft. The head includes
a distal face with a plurality of cutting teeth. Each cutting
tooth includes a hole extending through the head. At least a
portion of each lhole has a substantially round perimeter. A
raised lip 1s positioned adjacent to and extends around at least
part of the substantially round pottion. The *916 publication
discloses an orthopedic reamer with flat cutting teeth having
ashaft attached to acetabular reamer cups. The reamer cups of
the "916 publication are not disposable in nature. The ortho-
pedic reamer with flat cutting teeth publication does not pro-
vide a spherical hollow reamer assembly including a space for
capturing bone fragments or bone cement debris. The attach-
ment of the acetabular reamer to the drive shaft includes a
complicated mechanism and does not reliably align the cen-
terline of the drive shaft with that of the acetabular reamer and
therefore wobble free rotation is not provided.

U.S. Patent Application Publication No. 2006/0095041 to
Fehlbaum et al. discloses contoured reamer teeth and method
for their mamuifacture. An acetabular reamer has a cutting
shell having a series of doubly curved cutting teeth of a
quantity to substantially reduce a cutting pressure on each
tooth as well as to reduce a size of a typical chip generated
upon cutting. Substantially all the teeth each have a matched
arc cutting edge of substantial length that has a cutting profile
which substantially matches a profile of a shape to be cut. The
apertures in which the cutting edges are formed have at least
one flat edge by whicha punch, used in the process of forming
the edge may be oriented. Such a configuration reduces the
number of teeth required to cut the shape. The contoured
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reamer teeth publication does not provide a reaming assem-
bly. In addition, the contoured reamer teeth are not disposable
in nature, and therefore over time will become dulled, thereby
causing enhanced fiiction during reaming and potentially
damaging the bone.

U.S. Patent Application Publication No. 006/0235539 to
Blunn et al. discloses a surgical kit for hemiarthroplasty hip
replacement. This kit comprises a femoral head and reamer.
The kit is suited for performing a hip hemiarthroplasty, in
which a femoral head is fitted directly into a socket reamed
into the acetabular without any petmanent liner or prosthetic
acetabular being implanted. The reamer is vsed to ream out
the acetabulum until cancellous bone is exposed so that it
bleeds liquid containing stem cells. By selecting the size of
the fermoral head in accordance with the characteristics of the
patient, the pressure miposed on the liquid/synovial fluid of
the joint is in the range between (.5 and 2 MPa This causes the
stem cells to produce new cartilage between the bone and
femoral head. The surgical kit for hip replacement utilizes a
sphetical head with elements for reaming a socket in an
acetabulum. The spherical shape of reamer provides the abil-
ity to hiollow out the arcuate shape of the bone joints. The
surgical kit disclosed by the "539 publication is provided for
multiple use, and therefore the tool will become less efficient
after each surgery, resulting in poor cutting performance and
hone necrosis. Significantly, the *539 publication does not
teach a disposable spherical hollow surgical reamer tool that
is attached to a drive shaft with coincident centerlines.

Foreign Publication No. WO 9007908 to Schelhas dis-
closes an acetabulum reamer. Acetabulum reamer for ream-
ing the acetabulum of the human pelvic bone prior to insertion
of an artificial hip joint cup comprises a reamer head on a
shaft and a spiral reaming ridge arranged about the axis of the
shaft and provided with reaming devices. The outer edge of
the reaming ridge is delimited by a section of a spherical
surface whose axis of rotation is flush with the axis of the
shaft. The acetabulum reamer utilizes a spherical head for
reaming a socket n an acetabulum. The spherical shape of
reamer provides the ability to hollow out the arcuate shape of
the bone joints. The reamer is provided for multiple use, and
therefore the tool will become less efficient after each surgery,
resulting in poor cutting performance and bone necrosis. Sig-
nificantly, the acetabulum reamer publication does not teach
a disposable spherical hollow surgical reamer tool that 1s
attached to a drive shatt with coincident centerlines.

There remains a need in the art for a modular easy-to-
assemble spherical hollow reamer for medical applications
having a disposable spherical hollow cutter. Also needed in
the art is a disposable spherical hollow cutter assembly of the
type described, which can be attached concentric to a reusable
shaft portion that provides means for reaming ofan acetabular
bone cavity in bones without any wobbly movement. Further
needed in the art is a cutter assembly having means for col-
lecting bone debris and keeping the collected debris displaced

from the cutting portion, so that heat generated at the bone !

cutting surface is minimized. After one use of the spherical
hollow reamer a new spherical hollow cutter with sharp fresh
cutting edges can be utilized and the old hollow cutter can be
discarded.

SUMMARY OF THE INVENTION

The present invention provides a modular easy-to-as-
semble spherical hollow reamer for medical applications hav-
ing a disposable spherical reamer concentrically attached to a
reusable shaft portion. The attachment between the dispos-
able spherical hollow reamer and the reusable shaft is accom-
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plished by a precision threaded screw attachment. The dis-
posable spherical hollow reamer has in its interior a central
precision machined screw member which threads directly
into a threaded aperture at the distal end of the reusable shaft.
These threads typically have 40 threads per inch, preferably
ACME threads similar to that present in a precision microme-
ter. Since these threads are formed during the machining of
the shaft and machining of the spherical hollow reamer, their
centerlines are precisely aligned when the spherical hollow
reamer is threaded into the distal end of the reusable shaft.
Thus, when the proximal end of the reusable shaft is serted
into a drilling machine and the shaft is rotated, the disposable
spherical hollow reamer rotates without any wobbliness and
reams or cuts a precise bone cavity replicating the shape ofthe
spherical hollow reamer.

Cutting teeth and bone fragment discharging apertures are
provided on the outer surface of the spherical hollow cutter.
The reusable shaft has an integral or user-attachable plate that
encloses a volume within the spherical hiollow reamer. In
combination, the plate and reusable shaft provide a space for
accumulation of bone debris or bone cement debris. The
quick removal of bone fragments or bone cement debris
reduces the amount of heat generated during the cutting/
reaming procedure. Graduations are provided in the reusable
shaft portion to determuine the depth of insertion of the spheri-
cal hollow reamer into the bone cavity.

Generally stated, the Hollow Spherical Reamer for Medi-
cal Applications broadly comprises: (i) a reusable shaft por-
tion having a threaded distal end, a proximal end for coupling
with a drilling machine and a central region for a plate: (ii) a
disposable spherical reamer portion with a plurality of cutting
teeth and apertures for discharging bone and bone cement
fragments; (1ii) said disposable hollow reamer having a pre-
cisely machined screw element at the mterior central location
for attachment of the hollow spherical reamer to the reusable
shatt distal end, {(iv) said central region of the reusable shaft
having a user attachable or integrally attached plate for cre-
ating a space within the hollow sphetical reamer for collect-
ing bone debris or bone cement debris; and (v) saxd proximal
region of the reusable shaft having a coupling portion for
attachment to a drilling device.

The modular spherical hollow reamer of the present inven-
tion solves the problems associated with the prior art reamers.
In accordance with the present invention, the modular spheri-
cal hollow reamer for medical applications has an easy-to-
assemble disposable hollow spherical reamer, which can be
attached to a reusable shaft that allows for a fresh reamer to be
used with each new application of the reamer. The modular
spherical hollow reamer of the present invention transfers
shaft torque reliably while at the same time maintains the
centerline of the spherical reamer preventing wobbliness
thereof during cutting. Bone and bone cement fragments are
collected and stored away from the bone cutting area thereby
reducing the possibility of bone fragment incorporation into
living bone tissue. The modular spherical hollow reamer
gradually crates the acetabular bone cavity or resizes an exist-
ing acetabular bone cavity, thereby reducing heat during its
surgical usage. Owing to the presence of these features, the
modular spherical hollow reamer of this invention is safer to
use and operates more efficiently than prior art reamers.

The Spherical Hollow Reamer Assembly is adapted to be
utilized when preparing bone cavities that receive acetabular
cups in a close fitting configuration with precise cavity geom-
etry. The cavities may be prepared from a previously prepared
bone cavity in which the acetabular cup has come loose and
has to be replaced. Inthis case, the bone cavity is enlarged and
the bone cement previously used has to be completely reamed
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out and removed. The Spherical Hollow Reamer Assembly
may also be used to create a bone cavity on a bone section that
has no previously installed acetabular cup. The spherical hiol-
low reamer is disposable, so that the cutting performance of
the device 1s not compromised through repeated use. Several
of the clinical problems enconntered with conventional ream-
ers are overcome through utilization of the Spherical Hollow
Reamers Assembly. Novel design features of the Spherical
Hollow Reamer Assembly and improvements to conventional
reamers are multifaceted, and include a reusable shaft with a
precision threaded distal end adapted to receive a disposable,
single-use spherical hollow reamer portion with a corre-
sponding precision threaded central screw providing a center
line aligned wobble free attachment of the reamer. The
threading on the distal end of the shaft and the mating screw
element have counter clockwise thread that do not loosen
under the clockwise rotation imparted by the drilling
machine. The spherical hollow reamer portion is discarded
after a single use to ensure a sharp cutter for use in surgery.
Moreover, when dealing with revision acetabular cup surgery,
sphetical hollow reamers have also been designed to cut bone
cement [Polymethylmethacrylate {Acrylic) or PMMA] in a
more efficient manner by providing internal space to capture
the debris. This reduces both the cutting temperature and time
required to remove the remnant cement mantle. Each of these
features operates to decrease heat to the bone and reduce
operating room time required for acetabular cup revision

surgery.
BRIEF DESCRIPTION OF DRAWINGS

The invention will be more fully understood and further
advantages will become apparent when reference is had to the
following detailed description of the preferred embodiments
and the accompanying drawings, 11 which:

FIG. 1 is a perspective view depicting a medical tapered
reamer found in the prior art,

FIG. 2 is a perspective view depicting an easy-to-assemble
modular hollow tapered reamer in accordance with the inven-
tion;

FIG. 3 is a cross sectional view of the easy-to-assemble
modular hollow tapered reamer showing mechanical details
in accordance with the invention;

FIG. 4 depicts three views, FIG. 4A, FIG. 4B and FIG. 4C,
of the disposable hollow tapered reamer sleeve;

FIG. § illustrates a family of disposable tapered hollow
sleeves incorporating the elements of the present invention;

FIG. 6 depicts multiple disposable tapered hollow sleeves
attached to a single shaft;

FIG. 7 provides an assembly view depicting the tapered :

hollow reamer assembly. and
FIG. 8 depicts an alternate embodiment of the tapered
hollow reamer assembly.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reaming of bone cavity is required during many orthope-
dic surgical procedures. These procedures include hip
replacement and shoulder replacement and the like. Reaming,
of the bone cavities for the placement of an acetabular cup
requires milling of precisely shaped bone cavity. When the
acetabular cup is fixed by interference, this precision is more
critical than when the acetabular cup is bonded to the bone
cavity by a cement composition. The standard procedure for
preparing a bone cavity for acetabular cup insertion is illus-
trated in FIG. 1 at 10. The bone cavity 11 is milled by a solid
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reamer 12, which 1s generally used many times until the teeth
of the spherical reamer becomes dull. Due to the presence of
debris in the cutting area, the bone surface is subject to over
heating and bone tissue degradation. Bone cement fragments
may become nchuded into living bone tissue creating bone
healing problems.

The mvention heren provides sphetical hollow reamers
appointed for use in medical applications. The spherical hol-
low reamers are disposable, so that the cutting performance is
not compromised through repeated use. Several improve-
ments towards the clinical problems seen with conventional
reamers are overcome through utilization of the hollow ream-
ers heremn. Novel design features of the hollow reamer herein
and improvements to conventional reamers are multifaceted
and include a reusable shaft with supporting structure to
precisely align a disposable, single-use spherical hollow
reamer pottion. The hollow reamer portion is discarded after
a single use to ensure a sharp cutter for use in surgery. More-
over, when dealing with revision hip surgery, the hollow
reamers have also been designed to cut bone cement (PMMA)
in a more efficient manner by providing an internal space to
capture the bone cement debris and thereby reducing both the
cutting temperature and time required to remove the remnant
cement mantle. Both these features are important in reducing
heat to the bone and reducing operating room time required
for revision surgery.

While FIG. 1 illustrates conventional reamers currently
utilized, FIG. 2 illustrates at 20 a photograph the disposable
Spherical Hollow Tapered Reamer assembly of the present
invention. The spherical hollow reamer assembly comprises
at 21 a reusable shaft portion with central plate features 22
and a disposable spherical hollow reamer portion at 23. The
central plate 22 shown lere is integrally attached to the reus-
able shaft portion 23.

FIG. 3 illustrates at 30 the design features of the spherical
hollow reamer assembly, wherein a disposable spherical
reamer 23 witha precision threaded aperture centrally located
24 engages with a reusable shaft 21 that has a threaded screw
25 at the distal end. The threads are preferably left handed so
that right handed rotation of the shaft by the drill during
reaming does not loosen the screwed connection between the
disposable spherical hollow reamer and the reusable shaft.
The spherical hollow reamer 23 has plurality of cutting ele-
ments 26 and plurality of apertures 27 that go through the
thickness of the disposable hollow reamer 23. A central plate
22 is provided on the shaft, which may be integrally attached
to the reusable shaft or attached manually by the user and
provides a space for collecting bone fragments or hone
cement debris.

FIG. 4A, FIG. 4B and FIG. 4C, illustrates views of the first
embodiment of the invention depicting at 40 the modular
design of the spherical hollow reamer assembly that provides
a reusable reamer shaft and a disposable spherical hollow
reamer. The invention includes a reusable shaft 21 that is
provided with an integral plate and has a threaded screw at its
distal end, which engages with a precision threaded aperture
25 located at the center of the wmner surface of the splhierical
hollow reamer. The plate portion at the central region of the
reusable shaft has a taper 28 along its periphery, which
engages with the mterior surface of the disposable spherical
hollow reamer forming a bone fragment and bone cement
debris capture volume 29. The disposable spherical reamer is
available in the size range from 36 mm to 80 mm in 1 mm size
increments. Corresponding shafts are also provided. The dis-
posable spherical hollow reamers have a thickness generally
i the range of 0.125 mm to 0.812 mm (0.005" to 0.032").
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FIG. § illustrates the second embodiment of the vention
depicting at 50 a reusable shaft identical to that shown in FIG.
4, but adapted to engage with three ditferent diameters of
disposable spherical hollow reamers. Due to the fixed diam-
eter of the plate provided on the central region of the reusable
shaft, the spherical hollow reamer inner surface 15 engaged at
a different location along the axis of the spherical hollow
reamer still forming a bone fragment or bone cement debris
capturing volume.

FIG. 6 illustrates at 60 the third embodiment of the inven-
tion depicting at 60 a reusable shaft that engages with plural-
ity of user-attached plates 61, 62 and 63 having different
dimensions. As the threaded aperture 25 of the central portion
of the disposable spherical hollow reamer engages with the
reusable shaft 21, of different sizes, it engages with an appro-
priately sized central plate. This requires the threads to be
inserted at ditferent depths as indicated by the arrow shown.

FIG. 7 illustrates at 70 the fourth embodiments of the
modular design for the sphetical hollow reamer assembly that
provides a reusable reamer shaft and a disposable spherical
hollow reamer. It includes a single reusable shatt 21 that has
an expansion feature 71 that expands in size to fit with all
disposable spherical hollow reamers 23, which range from 36
mu to 80 mm with 1 mm size increments. The disposable
sphetical hollow reamer has hioles 73 through the wall of the
reamer to inserts screws that engage the expandable portion
of the reusable shaft. The distal end of the expandable portion
closes the spherical hollow reamer providing a closed space
74 n wluch bone fragments or bone cement debris accumu-
lates.

FIG. 8 illustrates a photograph of family of disposable
spherical hollow reamers ranging in diameter from 36 mm to
80 mm in 1 mm mmcrement. The famuly of disposable reamers
addresses a wide range of bone cavity sizes, adapted to fit with
corresponding reusable shafts.

In all these embodiments, the disposable spherical hollow
reamer portion is provided with plurality of cutting teeth on
itz outer surface and a plurality of apertures for disposing
bone fragments and bone cement fragments away from the
reamed area thereby reducing the heat generated at the cutting
interface. The spherical hollow reamer is discarded after a
single use to ensure a sharp, efficient cutter for every surgery.
In each of these different embodiments, the disposable
sphetical hollow reamer is attached to the reusable shaft using
a precisely machined screw thread that engages into a corre-
sponding threaded hole in the distal end of the reusable shaft.
The reusable shaft has a plate in the central region that
encloses the interior of the splerical hollow reamer creating
an enclosed space that captures and retain the bone fragments
or bone cement debris that is discharged through the apertures
adjacent to the cutters on the outer surface of the spherical
hollow reamer. The spherical hollow reamer assembly pro-
vides a space for bone debris offering multiple benefits. These
benetits include reducing hieat generated during cutting by
removing the bone debris from the outer surface of the cutter
to the inside of the cutter and providing space for bone debnis
to be collected and later removed for bone grafting for the
specific surgical procedure. The space for bone fragment
accumulation is in the area between the spherical hollow
reamer and the central plate provided on the reusable shatt.

The key features of the spherical hollow assembly for
medical applications include, in combination, the compo-
nents set forth below:

a) a reusable shaft portion having an elongated body with a

proximal end, a distal end, and a central plate portion;

b) said proximal end having a coupling pottion for attach-

ment of said reusable shaft to a drilling device;
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c¢) said distal end having a precision threaded central screw
for receiving a precision threaded screw,

d) said central portion having a conical plate that is user
attachable or permanently mounted on the reusable shaft
portion; and

&) a disposable spherical hollow reamer portion having an
outer surface with a plurality of cutting teeth and a
plurality of apertures for discharging bone or bone
cement fragments and a an inner surface with a centrally
located machined projection with precision threaded
aperture;

whereby the screwed attachment of said disposable spheri-
cal hollow reamer to the reusable shaft distal end aligns
their centerlines preventing wobbliness during reaming,
creating precise bone cavities that replicate the shape of
the disposable spherical hollow reamer in a medical
procedure, and the central portion plate in combination
with the spherical hollow reamer forms a containment
volume for capturing bone fragment or bone cement
fragment.

Having thus described the invention in rather full detail, it
will be understood that such detail need not be strictly
adhered to, but that additional changes and modifications may
suggest themselves to one skilled in the art, all falling within
the scope of the invention as defined by the subjoined claims.

What is claimed is:

1. A disposable hollow acetabular spherical reamer asseni-
bly for medical applications, comprising:

a. a reusable shaft portion having an elongated body with a
proximal end, a central conical plate element and a distal
end, said proximal end having a coupling portion
appointed for attachment of said reamer assembly to a
drilling device, said distal end having a male precision
threaded portion, and said central conical plate element
lLiaving a tapered periphery tapering toward said distal
end of said reusable shaft portion;

b. a disposable spherical hollow reamer, comprising:

1. a hollow construction with an outer surface and an
interior surface, said outer surface further comprising
a plurality of cutting teeth having a plurality of aper-
tures integrated therein;

2. said disposable spherical hollow reamer having a
centrally located machined projection with a preci-
sion threaded aperture; and

3. said male precision threaded portion of said distal end
of said reusable shaft portion being removably
screwed into said precision threaded aperture of said
centrally located machined projection to drive said
reamer.

4. said tapered periphery of said central conical plate
element being received within said interior surface of
said disposable spherical hollow reamer so that said
central conical plate element sits flush withun said
interior surface of said disposable spherical hollow
reamer.

c¢. said central conical plate element contacting the interior
surface of the disposable spherical hollow reamer form-
ing an enclosed space with a containment volume for
collecting bone fragments and bone cement debris; and

d. said disposable spherical hollow reamer being
assembled onto said reusable shaft portion; whereby a
screwed attachment of said disposable spherical hollow
reamer to the distal end of said reusable shaft portion
aligns their centerlines, preventing wobbliness during
reaming and creating precise bone cavities that replicate
the shape of the disposable sphetical hollow reamer in a
medical procedure, and the central conical plate element
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in combination with the spherical hollow reamer interior
surface forms said enclosed space with said containment
volume for capturing the bone fragments and bone
cement debris and housing same therein during reaming.

2. A reamer assembly for medical applications as recited by
claim 1, wherein said disposable spherical hollow reamer has
an outer surface diameter in the range of 36 mm to 80 mn.

3. A reamer assembly for medical applications as recited by
claim 1, wherein said threaded portion of sand distal end of
said shaft portion has a lefi-hand male thread for assembly
into said centrally located machined projection of said dis-
posable spherical hollow reamer which has a left handed
female thread.

4. A reamer assembly for medical applications as recited by
claim 1, wherein said elongated body of said reusable shaft
portion further comprises a plurality of graduations to deter-
mine a depth of said disposable spherical hollow reamer in a
hone cavity during use.

5. A reamer assembly for medical applications as recited by
claim 1, wherein said elongated body of said reusable shaft
portion further comprises a marking to indicate its size.

6. A reamer assembly for medical applications as recited by
claim 1, wherein said disposable sphetical hollow reamer
further comprizes a marking to indicate its size.

7. A reamer assembly for medical applications as recited by
claim 1, wherein said reusable shatt portion is solid.

8. A reamer assembly for medical applications as recited by
claim 1, wherein said reusable shaft portion 15 flexible.

* # # # &
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