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METHODS OF FORMING MEDICAL
REAMERS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/586,685, which was filed on Jan. 13,
2012, and is incorporated herein by reference in its entirety.

FIELD

This disclosure relates to a novel systems and method
relating to cutting tools.

BACKGROUND

Cutting tools, such as medical reamers used by surgeons,
generally have a cutting surface that is able to cut and/or
remove matetial from an object. For example, in many dif-
ferent disciplines in orthopedics cutting tools are vsed for
machining bone in the preparation of artificial joints includ-
ing hips. knees, elbows and shoulders, and also in the repair of
long bone fractures. The design and method of manufacturing
cutting swfaces of cutting tools can affect the efficiency,
functional life of the spherical reamer and cost in manufac-
turing. Accordingly, improvements relating to design and
manufacturing methods are desirable.

SUMMARY

Insome embodiments, improved cutting tools and methods
of manufacturing the same are provided.

In certain implementations, the cutting tools comprise
medical reamers, including acetabular reamers, long bone
cylindrical reamers, long bone tapered reamers, patella ream-
ers and glenoid reamers along with the design of different
cutting teeth i specific zones of the reamers and the
improved method of making these reamers and their cutting
edges.

In some implementations, a cutting tool is provided with a
cutting surface on a first side of the cutting tool and an attach-
ment meniber on a second side of the cutting tool. The cutting
surface can include a plurality of cutting edges and the attach-
ment member can be configured to be coupled to a powered
driving member (e.g., a drill). The cutting tool comprises an
axis of rotation and the cutting surface defines a plurality of
latitude lines. The plurality of cutting edges can be oriented at
varying orientation angles relative to the latitude lines.

In some implementations, the plurality of cutting edges can :

be in three different zones and respective cutting edges in the
different zones have different characteristics. The different
Zones can coniprise a polar zone, a transition zone, and an
equatorial zone. Respective cutting edges can define a cutting

angle between the cutting edge and a first side of the cutting :

tool, and the cutting angle between cutting edges in the polar
zone can be larger than those defined by cutting edges in the
transition zone, and the cutting angle between cutting edges
in the transition zone can be larger than those defined by
cutting edges in the equatorial zone. In some implementa-
tions, the tooth height can be the same (i.e., substantially the
same) regardless of the cutting angle.

In some implementations, the orientation angles vary
depending on whether the respective cutting edges are in the
polar zone, the transition zone, or the equatorial zone, and the
orientation angle of respective cutting edges in the equatorial
zone 1s greater than the orientation angle of respective cutting
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edges in the transition zone, and the orientation angle of
respective cutting edges in the transition zone is greater than
the orientation angle of respective cutting edges in the polar
zone.

In some implementations, the thickness of the side wall is
less than 0.040 inches, or in some cases, between 0.022 inches
and 0.40 inches. Openings can be provided adjacent respec-
tive cutting edges, the respective openings defining a funnel
angle that 13 between 20 and 40 degrees. In some cases, the
funnel angle can be between 25 and 35 degrees.

In some implementations, the cutting surface is a panel and
the cutting tool comprises a plurality of separate panels. The
cutting tool can include a frame member (e.g., a center sup-
port and a base) and the plurality of separate panels can be
coupled to the frame member.

In another implementation, a method for forming a cutting
tool is provided. The method can include forming a plurality
of panels from one or more flat sheets of metal and coupling
the plurality of panels to a frame member to form the cutting
tool. The plurality of panels can be formed with a plurality of
cutting edges and a plurality of openings adjacent respective
cutting edges. When coupled to the frame member, the plu-
rality of panels can define a plurality of latitude lines about the
axis of rotation of the cutting tool and the plurality of formed
cutting edges have orientation angles relative to the latitude
lines that vary. In some cases, respective panels can have
cutting edges with orentation angles that vary along the
respective panel.

In certain implementations, the act of forming a plurality of
panels comprises stamping the one or more flat sheets of
metal to form a plurality of cavities and punching holes at or
adjacent to the plurality of cavity to provide bone-chip-re-
ceiving openings. The act of forming the plurality of cavities
can include forming a plurality of “V”-shaped cavities.

In certain implementations, the act of forming the plurality
of panels can include stamping the one or more panels to
create a desired height of the cutting edges and to provide a
desired curvature of the one or more panels.

In certain implementations, the act of coupling the plurality
of panels to the frame member can include forming a frame
member that comprises a center support, a base, and a form
dome, and securing the plurality of panels to the center sup-
port, the base, and the form dome. In some cases, the act of
securing the plurality of panels to the center support, the base,
and the form dome can be performed by laser welding or other
types of welding. The act of coupling the plurality of panels to
the frame member can also include placing the plurality of
panels into an injection molding tool and injection molding
the frame member around the plurality of panels to create the
tframe member.

In some implementations, the act of forming a plurality of
panels from one or more flat sheets of metal can nclude
forming the plurality of cutting edges with different zones
that have cutting edges with different characteristics, the dif-
ferent zones comprising a polar zone, atransition zone, and an
equatorial zone. Respective cutting edges can define a cutting
angle between the cutting edge and a first side of the cutting
tool, and the cutting angle between cutting edges in the polar
zone are larger than those defined by cutting edges in the
transition zone, and the cutting angle between cutting edges
in the transition zone are larger than those defined by cutting
edges n the equatorial zone.

In certain implementations, the act of punching holes at or
adjacent to the plurality of cavity comprises forming bone-
chip-receiving openings with a funnel angle that is between
20 and 40 degrees. In addition, in some cases, the one or more
flat sheets of metal have a thickness less than 0.040 inches.
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In certain implementations, the method includes determin-
ing an effective functional life of the cutting tool.

In other embodiments, a cutting tool is provide that has a
cutting surface on a first side of the cutting tool, the cutting
surface comprising a plurality of cutting edges, and an attach-
ment member on a second side of the cutting tool, the attach-
ment member being configured to be coupled to a powered
driving member. A plurality of cutting edges are provided in
at least three different zones and respective cutting edges in
the different zones have ditterent characteristics.

The foregoing and other objects, features, and advantages
of the invention will become more apparent from the follow-
ing detailed description, which proceeds with reference to the
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an acetabular reamer, the use of the

reamer to prepare the acetabulum, and a press-fit acetabular -

implant positioned as part of a total hip procedure.

FIG. 2 illustrates axial force applied by a surgeon, by
pushing the cutter into the acetabulum and a second torsional
force exerted by the power reaming tool.

FIG. 3 illustrates a cutting tool composed of a sharp tooth
edge, a specific tooth elevation, specific cutting angle, a spe-
cific tooth orientation to the axis of rotation and a peripheral
opening around the cutting edge providing an improved flow
path for the bone debris.

FIG. 4 illustrates another way of manufacture of cutting
teeth geometry.

FIG. 5 illustrates a novel cutting tool having a plurality of
teeth.

FIG. 6 illustrates a novel cutting tool having a plurality of
teeth.

FIG. 7 illustrates a schematic view of cutting teeth zones
and their general functions.

FIG. 8 illustrates a schematic view of cutting teeth zones
and their general functions.

FIG. 9illustrates a schematic view of cutting forces applied
by a cutting tool.

FIG. 10 illustrates a comparison of the frictional forces
associated with bone chips created by cutting tools having
different thicknesses.

FIG. 11 illustrates exemplary operations for forming pan-
els with multiple teeth designs and assembling such panels
into a reamer.

FIG. 12 illustrates a spherical reamer formed from panels
coupled to a plastic molded part.

FIG. 13 illustrates a cylindrical reamer formed from panels *

coupled to a plastic molded part.

FIGS. 14 A and B illustrate the results of an exemplary test
procedure, and FIG. 14C illustrates a setup for the exemplary
test procedure.

FIG. 15 illustrates exemplary cutting tools of at least some

of the disclosed embodiments, including a spherical reamer,
long bone tapered reamer, cylindrical reamer, and patellar
reamer.

DETAILED DESCRIPTION

The following description 15 exemplary in nature and 15 not
intended to limit the scope, applicability, or configuration of
the invention in any way. Various changes to the described
embodiments may be made in the function and arrangement
of the elements described herein without departing from the
scope of the invention.
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Asused in this application and in the claims, the terms *a,”
“an,” and “the” include both the singular and plural forms of
the element{s) they refer to unless the context clearly dictates
otherwise. Additionally, the term “includes™ means “com-
prises.” Further, the term “coupled” generally means electri-
cally, electromagnetically, and/or physically {(e.g., mechani-
cally or chemically) coupled or linked and does not exclude
the presence of intermediate elements between the coupled or
associated items absent specific contrary language.

As used herein, the term “effective functional life” means
the amount of use a tool can experience before it begins to
operate suboptimally for its intended purpose. In some
embodiments, the effective functional life can be based on a
number of uses of the tool and/or an amount of time the tool
has been used. As used herein, the term “single-use™ tool or
instrument means a tool or instrument that is configured and/
or intended to be used once before being discarded. Thus, a
single-use tool or instrument is a non-reusable device in con-
trast to reusable tools or instruments which, subject to certain
procedures such as cleaning and sterilization, may be used
more than once. As vsed herein, the term “powered driving
member” means any device capable of driving a cutting tool
such as, for example, a drill.

Althouglh the operations of exemplary embodiments of the
disclosed method may be described in a particular, sequential
order for convenient presentation, it should be understood
that disclosed embodiments can encompass an order of
opetations other than the particular, sequential order dis-
closed. For example, operations described sequentially may
in some cases be rearranged or performed concurrently. Fur-
ther, descriptions and disclosures provided in association
with one particular embodiment are not limited to that
embodiment, and may be applied to any embodiment dis-
closed.

It is generally desirable that cutting surfaces on a cutting
tool {e.g.. cutting teeth) be as accurate and consistent as
possible for the dimensional accuracy of the final preparation
in the bone. For example, cementless acetabular implants
(press fit) are dependent on their dimension and the dimen-
sion of the bone preparation to create a reproducible interfer-
ence fit for establishing initial stability of the implant. FIG. 1
illustrates an acetabular reamer, the use of the reamer to
prepare the acetabulum, and a press-fit acetabular miplant
positioned as part of a total lup procedure.

The initial stability of the implant is critical to long term
success and if the implant moves large amounts (e.g., 75
miicrons o more) under pliysiological loads post-operatively,
it can result in soft tissue growing into the implant rather than
bone. If this occurs, the implant will eventually loosen.
Accordingly, the accuracy of the initial fit must provide sta-
bility of the implant to allow bone to grow into the implant
during the first 6-12 weeks after surgery. In some stances,
the interference level required for cementless acetabular
implants can be required to be very small {e.g., less than 2
mn, and, in some cases, preferably less than 1 mm). How-
ever, comumercial cutters can vary in their accuracy by as
much as 0.25 mm and these varations can result in initial
acetabular implant stability. Because the imtial mterference
tit provides stability to the implant, improved accuracy of the
teeth height and performance can assist in achieving this goal.

Configuration of Cutting Members

Conventional reamer designs use the same cutting tooth
geometry within each design. These teeth are also positioned
at 90° to the latitude lines of the spherical reamer surface.
However, cutting teeth around the equator of the reamer per-
form a side cutting function while teeth towards the dome of
the cutter perform an end cutting function.
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As described in more detail herein, various embodiments
are provided in which reamers utilize different cutting teeth
configurations and ditferent orientations to address the dif-
ferent bone cutting requirements and thereby improving the
efficiency of the cut. By efficiently designing cutting teeth for
specific operations, faster bone cuts can be achieved, thereby
producing less friction. Minimizing the friction generated by
the reamers relates directly to maintaining the life of the bone.
Friction can lead to heat and if the cutter-bone interface
reaches temperatures above 50° C. (122° F.) bone death (ne-
crosis) can occur. This can affect long term success of the
procedure whether the implant is used with or without bone
cement. If the bone preparation bed is damaged due to exces-
sive hieat generated from the acetabular cutter, the fixation of
the implant will be compromised and can lead to loosening
and revision.

There are two primary forces applied to the reamer during
the machining of the bone. When considering an acetabular
reamer, as shown in FIG. 2, there is an axial force applied by
the surgeon who pushes the cutter into the acetabulum and a
second torsional force exerted by the power reaming tool. In
some enbodiments, the novel cutting tools disclosed herein
convert the torsional force into a force applied at the cutting
tooth edge to improve the efficiency of the cut.

The systems and methods described herein for forming
cutting tools can provide greater control and accuracy of the
tooth sharpness, cutting angles, and resulting bone chip
removal by the tool. In addition, as described in more detail
below, the cutting tools described herein can be formed by
novel manufacturing processes that permit the creation of
multiple teeth in one operation.

In the embodiments described herein, cutting surfaces
(e.g.. teeth) can comprise a sharp tooth edge (tolerance
0.0005" to 0.002" tooth edge radius), a specific tooth eleva-
tion {tolerance (L002"-0.004"), specific cutting angle, a spe-
cific tooth orientation to the axis of rotation {e.g., tool angle),
and a peripheral opening around the cutting edge providing a
designed flow path for the bone debris as shown in FIG. 3.
This tooth geometry can also be manufactured according to
FIG. 4 through a series of stamping operations allowing for
multiple teeth to be made at the same time. For example, as
illustrated n F1G. 4, a flat sheet of material (e.g., metal)can be
stamped so that a plurality of “V"-type cavities are punched
into the sheet based on a desired cutting angle w. Next, a
plurality of holes can be punched around the *V™-type cavi-
ties {or grooves), creating a cutting edge. If necessary, another
stamping step can be performed to stamp the tooth height and
curvature in operation (or multiple operations if desired). As
shown in FIG. 4, angle } determines the tooth height and

angle (} in conjunction with angle o will determine the rake :

angle o {m=c—f) of the cutting surtace. In some embodi-
ments, the rake angle can vary between about 5 and 25
degrees, and in other embodiments between about 5 and 15
degrees (e.g.. about 10 degrees)

Thus, in contrast to conventional devices, the tooth angle :

{ct) can be established in the first forming operation and can
be set (w and [§ angles) based on the intended function. Mul-
tiple iterations of this tooth design can be provided in specific
zones of the reamer surface which address the intended type
of cutting required at those locations.

In some embodiments, the novel cutting tools disclosed
herein can have teeth arranged in a spiral or helix manner on
the surface of the cutter. However, the tooth designs and tooth
orjentations can be optimized to reduce the reaming time
required to complete the preparation. As shown in FIGS. 5-8,
the cutting edges of the teeth can be oriented at different
angles to the lines of latitude based on the required cutting
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functions at various positions on the surface of the reamer.
This can provide for a faster cut by converting the rotational
energy into linear energy assisting in advancing the reamer
into the preparation analogous to a screw thread (FIG. 5). The
tooth orientation can further improve the cutting force at the
tooth edge. By changing the orientation of the cutting edge
relative to the latitude lines, a portion of the torsional force is
converted into a cutting force at the tooth edge as shown in
FIG. 6. This improvement primarily benefits the teeth closest
to the equator as they are performing a side cutting function.

As shown in FIGS. 5-6, the angle of orientation of the
cutting edge relative to axis of rotation can increase from the
equatorial teeth to the polar teeth and decrease relative to the
latitude lines. At least three different types of cutting teeth
(e.g., orientation angles and/or cutting angles varying) can be
provided on the tool. In some embodiments, at least three
regions are provided with similar type teeth in each region. In
other embodiments, the teeth can vary in a transitional man-
ner effectively providing more than three zones.

In some embodiments, relative to the latitude lines, the
range of variation can be orjentation angles of between 10rand
30 degrees (more preferably between 15 and 25 degrees—
e.g., 20 degrees) for the equatorial zone, orentation angles of
less than 5 degrees (more preferably about 0 degrees) in the
polar zone, and somewhere in between for the orientation
angles in the transition zone {e.g., between 0 and 20 degrees,
orpreferably between 5 and 15 degrees—e.g.. 10 degrees). A
benefit of the larger orientation angles in the equatorial zone
15 a portion of the axial load applied by the operator will be
converted into driving the cutting edge into the bone. As you
move to the polar zone, the angle of the tooth on the surface
has less effect as the tooth becomes perpendicular to the
direction of the cut. That is, the specific tooth geometry inthe
polar zone needs to address an end cutting ability rather than
a side cutting ability.

FIG. 7 illustrates an exemplary process by which a cutting
tool {e.g.. a spherical reamer) transitions from engagement
with the bone at one area to another area of the cutting tool. As
used herein, the term “polar teeth” refer to cutting surfaces at
and/or adjacent the pole of the spherical reamer, the term
“equatorial teeth” refer to cutting surfaces at and/or adjacent
to the equator of reamers having a hemispherical shape (e.g.,
the area furthest from the poles in FIG. 7), and the term
“transition teeth” refer to cutting surfaces between the polar
and equatorial teeth.

In the exemplary reaming process illustrated in FIG. 7, the
spherical reamer begins by introduction into the concave
surface of the acetabulum. It is noted that this initiation of the
cut involves just the equatorial teetli. These equatorial teeth
are performing more of a side cutting function and therefore
can have a specific tooth angle based on this intended func-
tion. Additional teeth (i.e., the transitional teeth) become
engaged with the bone as the reamer is further introduced into
the acetabulum. The transitional teeth perform a combination
of side-cutting and end-cutting and can be optimized for this
purpose. As the reamer becomes fully inserted into the prepa-
ration site, the teeth at the pole (i.e., the polar teeth) of the
reamer serve to primarily end-cut.

Thus, the teeth can have different cutting demands depend-
ing on their location on the surface of the reamer and can be
configured accordingly. FIG. 8 illustrates the manner in
which the cutting angles of the teeth can vary in accordance
with the required cutting function of the bone. The table
below illustrates the types of teeth and their configurations as
reflected in FIG. 8.
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Cutting angle (defined
relative to a side surface Tooth edge
Teeth Region of the cutting tool) radins Funnel angle Tooth height
Equatorial 15-35 degrees 0.0005-0,002" 20-40 degrees.  0.020 = 0.002"
(more preferably, (more preferably,
20-30 degrees) 25-35 deprees)
Transition 35-55 degrees 0.0005-0,002" 20-40 degrees.  0.020 = 0.002"
(more preferably, (more preferably,
40-50 degtees) 25-35 deprees)
Polar 55-75 degrees 0.0005-0002"  20-40 degrees. QU020 £ Q002"

(more preferably,
60-70 degrees)

(more preferably,
25-35 degrees)

Alihough, FIG. 8 illustrates these three zones as distinet
zones, it should be imderstood that the cutting surfaces can
transition gradvally from one zone to another. Thus, polar
teeth can transition gradually from polar teeth with the ori-
entation and characteristics noted above to transition teeth
with the orientation and characteristics noted above. In tlus
manner, for example, some teeth can have orientation and
characteristics of polar teeth (e.g., 65 degree cutting angle),
some can have characteristics of transition teeth (e.g., 45
degree cutting angle), and some teeth between the polar teeth
and transition teeth can have characteristics somewhere inbe-
tween (e.g., 55 degree cutting angle).

Proper bone chip exit paths can also contribute to an
improved surgical preparation. With a non-impeded path for
the bone chips to travel away from the cutter, it enables the
instrument to produce a faster and cooler bone cut. As shown
in FIG. 3, openings can be provided adjacent cutting surfaces
to provide a “funnel” that permits bone chips to efficiently
flow from the face of the reamer to avoid additional torque
requirements to drive the cutter. Without such openings,
increased torque is required to drive the cutting tool and such
increased torque is wsually accompanied by increased axial
pressure as the operator senses the resistance in advancing the
cutter and applies increased loads. This combination gener-
ates increased heat through friction capable of generating
temperatures which can cause bone necrosis.

Manufacturing of Cutting Tools

In some embodiments, the novel cutting tools can be manu-
factured by forming the spherical body and teeth from thinner
sheet metal, 0.005"-0.020", which can improve the efficiency
in manufacturing (longer tool life of the forming tools) and
ability to create a sharp tooth edge without a specific sharp-
ening operation. In addition the thinner material better dissi-
pates the heat generated from the fiiction of cutting the bone
over a thicker walled, heavier mass reamer. The thinner mate-

rial also produces less friction, therefore a lower temperature :

at the surface, through reduction of the Coriolis forces (FIG.
9).

FIG. 10 illustrates a comparison of the frictional forces
associated with bone chips created by cutting tools having
ditferent thicknesses. As shown in FIG. 10, for thicker walled
cutters (e.g., cutters with wall thicknesses greater than 0.22"),
the bone chip particles must travel a greater distance in con-
tact with the cutting surface of the cutter. As a result, lower
temperatures can be achieved by producing cutters with wall
thickness of between (.005" and 0.020". The following novel
manuifacturing methods can be used to produce cutting tools
with such reduced wall thicknesses.

FIG. 11 illustrates exemplary operations for manufacturing
cutting tools. As shown in FIG. 11, panels can be formed with
multiple teeth designs and a reamer can be assembled as
shown. This design and method of manufacturing a spherical
reamer can be faster and more efficient than conventional
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techniques. In some embodiments, this method can be pro-
duced in fewer steps, such as in nine operations. In compari-
son, some conventional approaches of manufacturing of cut-
ting tools can require hundreds of operations to form a
spherical reamer.

Asshownin FIG. 11, stamped cutting panels can be formed
by punching cavities in a flat sheet, forming holes for receiv-
ing bone chips, and setting panel curvature and teeth height. A
center support, base, and dome can be formed and assembled
with the panels to form a single cutting tool. Thus, for
example, in some embodiments, the following steps can be
taken:

1. The specific tooth cutting angle is punched into a flat
metal blank with accuracy of 0.001£0.0005" as the first
step. Angle can be set based on intended cutting require-
ments of the bone.

2. Punch opening for bone chips around tooth and create
cutting edge.

3. Form spherical section from the flat metal blank and
elevate all teeth above spherical surface with tooth eleva-
tion tolerance of £0.002", Teeth are formed as contours
of the ntended spherical surfaces as opposed to just
straight edges. The opening around the teeth can be
further formed into funnels at specific angles to direct
the bone chips away from the outer surface and into the
hollow cavity of the cutter.

4. Multiple panels are formed (3 to 8 for example) which
are assembled and laser welded together forming a
spherical reamer.

Using the manvfacturing techniques described herein, any
number of teeth (e.g.. 1-20 or more} can be made in a single
forming step. In contrast, conventional systems require mul-
tiple forming steps for each individual tooth. Because the
number of operations required to manufacture a spherical
reamer can be greatly reduced, the costs are similarly
reduced, thereby providing a lower cost, yet equally effective,
cutting tool that can be removed from clinical service at a the
end of its functional life without significant financial loss.

It should be understood that the supporting structure for the
panels can be formed in various manners. For example, FIG.
12 illustrates an alternative approach in which the panels are
secured by a plastic molded part.

In some embodiments, the panels are placed directly nto
an injection molding tool and a medical grade plastic (e.g..
PEI (polyetherimide, ULTEME:), PEEK (polyetheretherke-
tone), PAI (polyamidide, TORLONE') can be injected around
the periphery of the panels creating a frame that encloses and
secures the panels. FIG. 13 illustrates a similar structure to
that illustrated in FIG. 12; however, instead of a spherical
reamer, FIG. 13 depicts a cylindrical reamer.

The cutting tools can be color coded to facilitate identifi-
cation ofthe various sizes and types of cutting tools. When the
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cutting tool frames are formed by injection molding, such
color coding can be achieved by varying the color of the
injection molded plastic part.

Laboratory testing of a disclosed embodiment provided a
comparison to existing art spherical reamers. Bovine bone
specimens were used to monitor the speed to prepare a stan-
dard preparation, the temperature generated during that
preparation and how many preparations could be completed
before cutting edge damage generated a temperature expo-
sure to the bone above 50° C. (122° F.). FIG. 12 summarizes
the results of this testing and illustrates some of the improve-
ments, such as the ability to cut bone at a lower temperature
for a greater number of uses.

All cutting tools will eventually wear at the cutting edges
resulting in a non-efficient cutter which would need to be
sharpened or discarded. This is true of all industries including
the medical field where these cutters are machining bone. In
this field, the consequences of the cutter becoming dull and
continuing to use it can result in bone necrosis. This in turn
can jeopardize the success of the surgical procedure as the
prosthesis must be supported by live, healthy bone to stabilize
the implant. Excessive heat will kill the bone leading to bone
resorption and a less than ideal interference fit between the
hone and the implant. The rounding of the teeth cutting edges
and damage to these edges can be demonstrated after 4-6 uses
of these reamers in cow bone. It is for that reason all cutters
should be qualified through laboratory testing to define the
maximum number of uses under worst-case conditions which
will not violate the temperature threshold for killing bone.
This test result can then be used as a method to 1dentify when
the cutter should be removed from use.

FIG. 14 illustrates a laboratory test set-up for determining
the effective functional life of a cutting tool. In these tests,
acetabular reamers were used to cut bone (1.e., cortical bovine
bone) to determine the number of uses the acetabular reamers
can experience before the end of their effective functional
life. In one example, it was determined that approximately six
(6) uses of the reamer produces a complete preparation with-
out generating excessive heat {(e.g., temperatures at or above
1222 F. (30° C))).

FIG. 14 also illustrates the results of an acetabular reamer
evaluation in bovine bone, including (1) a chart showing the
functional evaluation of a 50 mum acetabular reamer to cut
hovine bone, graphing the number of bone preparations (i.e.,
uses of the cutting tool) and the temperature in the bone
preparation area; and (2) a chart showing the functional evalu-
ation of a 50 mm acetabular reamer to cut bovine bone,
graphing the number of bone preparations (i.e., uses of the
cutting tool) and the time required to achieve the bone prepa-
ration. As shown in FIG. 14, continuing to use the cutter after
the sixth use consistently resulted in a longer preparation time

and increased lieat generation. The sharpness of the teeth -

cutting edges are directly proportional to the load required to
advance the cutter, and therefore the resulting friction/heat
generated. As the cutting edge rounds {or dulls), it becomes
less effective in penetrating the surface of the bone and
requires additional load to attempt to advance it. This cutter
wear is generally consistent for all cutting tools.

FIG. 15 illustrates exemplary cutting tools of at least some
of the disclosed embodiments, including a spherical reamer,
long bone tapered reamer, cylindrical reamer, and patellar
reamer. The cuiting tools and methods of manufacturing the
same can provide a number of improvements, including (in
certain embodiments) at least some of the following improve-
ments:

1. Multiple teeth designs and teeth orientations to address
multiple machining needs of the bone yielding a faster,
cooler cut.

2. Tooth design geometries which address side cutting, end
cutting and a combination of both.
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3. A thinner material for forming the spherical reamer
which can imiprove sharpness and reduction of heat.

4. A thinner material which also provides for more efficient
forming of teeth and component parts improving manu-
facturing tool life.

5. Ability to produce multiple teeth designs and multiple
teeth in fewer manufacturing steps.

6. A method of assembling a spherical reamer vsing mul-
tiple panels, pre-stamped with teeth of specific geometry
and orientation.

The novel approach to producing more efficient medical
reamers described herein can help ensure a proper bone
preparation for every patient. In addition, the cutting tools
described herein can provide improved sharpness, reduced
heat during the reaming and a faster preparation based on
tooth geometry and orientation. These improvements are also
possible through a less expensive manufacturing process
which makes it more economical to discard the reamer when
it becomes dull.

Functional Life of Cutting Tools

It is also desirable to understand the effective functional
life of the cutting tools described herein. As with any cutting
tool, no matter how efficient the cutter has been designed, it
will dull after multiple uses and its effective life will have
terminated. Currently medical spherical reamers are used
multiple times without any monitoring of the status of where
the cutteris in its life cycle. Hospitals receive a new spherical
reamer and follow an instrument processing procedure that
includes cleaning, sterilizing, use, cleaning, sterilizing, and
reuse. However, that cycle can continve for many, many sur-
gical procedures before a surgeon notices the reamer 15 not
cutting well.

Cutting teeth dull after even a few uses and dull cutting
teeth generating heat that can be sufficient to cause bhone
nectosis. Accordingly, in addition to improving teeth design,
it can also be helpful to provide the ability to indicate when a
cutter should be removed from use to avoid issues relating to
bone necrosis from dull cutters. In conventional approaches,
mstruments are used in hospitals on patients many times
without knowledge of the life expectancy of the reamer and
often beyond the functional life of the instrument. Some of
the reluctance to discard the instrument after a single use is
the cost of manufacturing these mstruments. It 15 also per-
ceived by the medical industry through orthopedic surgeons
that these instruments do have a functional life greater than a
single use. Accordingly, significant improvements in manu-
facturing costs, such as those realized by the embodiments
described herein, can help to reduce the number of uses
needed to obtain a return on investment.

As described above, the methods described herein can
create more cost effective cutting tools, such as spherical
reamers. In addition, the methods described herein can pro-
vide a means for defining the eftective functional life of the
cutting tools and providing a method of knowing when to
discard it to ensure that the cutting tool used for any procedure
(e.g.. a total hip procedure) will be effective for its intended
purpose.

In at least some of the embodiments described herein, as
described above, novel medical reamers can include at least
some of the following design parameters, enabling the pro-
duction of more efficient tools for cutting bone:

1. Optimize forces applied to the reamer.

2. Thin, sharp tooth edge.

3. Specific tooth designs and tooth orientations providing a

faster completion of the reaming cycle.

4. Adequate bone chip exit path to minimize friction from
the flow of the chips at the cutter surface.

5. Minimize friction from cutting by using thinner materi-
als and improved tooth geometry.
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6. Define the functional life of the cutting edges through

laboratory testing to know when to discard the reamer.

7. Provide an improved and efficient manufacturing pro-

cess.

Laboratory testing to confirm an unproved speed of the
preparation, a lower cutting exposure temperature to the bone
and an increased functional life to the reamer.

Tt should also be understood that these design principles
can be mcorporated into other cutting tools than those
described in the figures, such as medical reamers that are used
for patella resurfacing, glenoid reaming and machining the
canal of long bones.

In view of the many possible embodiments to which the
principles of the disclosed invention may be applied, it should
be recognized that the illustrated embodiments are only pre-
ferred examples of the invention and should not be taken as
limiting the scope of the invention.

We claim:

1. A method of forming a cutting tool comprising:

forming a plurality of panels from one or more flat sheets of

metal, the plurality of panels including a plurality of side
panels and a dome member extending along a radial axis
of the cutting tool;

stamping the plurality of panels to form a plurality of

cavities and punching holes at or adjacent to the plurality
of cavities to provide a plurality of bone-chip-receiving
openings and a plurality of cutting edges; and

coupling the plurality of stamped panels to a frame mem-

ber to form the cutting tool,

wherein the frame member is formed with an elongated

center member having a length extended along a longi-
tudinal axis of the cutting tool fixed at one end to a base
member extended along the radial axis and the act of
coupling the plurality of stamped panels to the frame
member comprises:

securing the plurality of stamped side panels to the frame

member so that the plurality of stamped side panels at
least partially surround the elongated center member of
the frame member along a portion of the length of the
elongated center member, and

securing the stamped dome member to the frame member

so that the stamped dome member extends over an end of
the elongated center member opposite the end fixed to
the base member.

2. The method of claim 1, wherein the act of forming the
plurality of cavities comprises forming a plurality of
V-shaped cavities.

3. The method of claim 2, wherein the act of forming the
plurality of panels further comprises stamping the one or
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more panels to create a desired height ofthe cutting edges and
to provide a desired curvature of the one or more panels.

4. The method of claim 3, wherein the act of stamping the
one or more panels to create a desired height of the cutting
edges and to provide a desired curvature of the one or more
panels is performed in a single stamping operation.

5. The method of claim 1, wherein the act of forming a
plurality of side panels from one or more flat sheets of metal
comprises forming the plurality of cutting edges with differ-
ent zones that have cutting edges with different characteris-
tics, the different zones comprising a polar zone, a transition
zone, and an equatorial zone.

6. The method of claim 5, wherein respective cutting edges
each define a cutting angle between the cutting edge and a
perpendicular surface to a first side of the cutting tool, and the
cutting angle between cutting edges in the polar zone are
larger than those defined by cutting edges in the transition
zone, and the cutting angle between cutting edges in the
transition zone are larger than those defined by cutting edges
in the equatorial zone.

7. The method of claim 1, wherein respective panels have
cutting edges with orentation angles that vary along the
respective panel.

8. The method of claim 1, wherein the act of securing the
plurality of stamped panels to the frame menmber comprises
laser welding.

9. The method of claim 1, whetein the act of coupling the
plurality of stamped panels to the frame member comprises:
placing the plurality of stamped panels into an injection
molding tool; and injection molding the frame member
around the plurality of stamped panels to create the frame
member.

10. The method of claim 1. wherein the one or more flat
sheets of metal have a thickness less than 0.040 inches.

11. The method of claim 1, wherein the act of punching
holes at or adjacent to the plurality of cavity comprises form-
ing bone-chip-receiving openings with a funnel angle that is
between 20 and 40 degrees.

12. The method of claim 1, wherein the cutting tool com-
prises a hollow spherical reamer, a hollow tapered reamer, or
a hollow cylindrical reamer.

13. The method of claim 1, further comprising:

determining an effective functional life of the cutting tool.

14. The method of claim 1, wherein, when coupled to the
frame member, the plurality of stamped panels define a plu-
rality of latitude lines about the axis of rotation of the cutting
tool and the plurality of formed cutting edges have orientation
angles relative to the latitude lines that vary.
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