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SURGICAL SAGITTAL SAW AND
METHOD OF USING SAME

BACKGROUND OF THE INVENTION

[0001] This invention is related generally to a surgical.
sagittal saw. More particularly, this invention is related
to a surgical sagittal saw that minimally vibrates when
used, does not excessively wear the cutting guide with
which itlis used and that has a complementary cutting guide

that is relatively small in size.

BACKGROUND OF THE INVENTION
[0002] A sagittal saw is a powered surgical tool that is
often used in an orthopedic surgical procedure. A sagittal
saw generally includes a handpiece that houses a motor and
the complementary control circuit that regulates the
actuation of the motor. Extending forward, distally, from
the handpiece, is a planar saw blade. The most forward end
of the saw blade is formed with teeth for cutting hard |
tissue against which the blade is applied. A drive
ﬁechanism internal to the housing transfers the power
developed by the moﬁor to the blade. More particularly,

" the drive mechanism converts the rotary motion produced by
the output shaft of the mbtor to the blade so that the
blade moves in an oscillatory, back-and-forth pattern in
the plane in which the blade is aligned. Consequently,
when a sagittal saw is actuated, the blade teeth move in a
back-and-forth pattern against the hard tissue or bone to
which the teeth are applied. As a consequence of this
motion and the forward pressure applied by the surgeon
holding the saw, the teeth cut and separate the hard tissue

or bone.
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[0003] A sagittal saw is often used in an orthopedic
surgical procedure to selectively remove bone. One
particular type of orthopedic surgical procedure in which
the saw is used is a joint replacement procedure. As the
name implies, in this type of procedure, the surgeon
resects the bone between the joints in the patient and
substitutes an artificial joint.

[0004] In orthopedic surgical procedufes, it is very
important to ensure that, when a bone section is separated
from the rest of the bone, the section is removed along
very precise cut lines. This is very important in a joint
replacement procedure because the substitute joint
typically has a component that is designed to precisely fit
in the space defined by cut lines of the section of bone
that is left in place.

[0005] Therefore, in order to insure that the proper cut
lines are formed in the bone, the surgeon typically first
mounts a cutting guide, sometimes called a jig, to the bone
adjacent to the location where the cut is to be made. One
type of cutting guide is in the form of a block formed with
a precisely shaped set of slots. The slots define the
lines along which the bone is to be cut. The surgeon then
performs the surgical procedure by sequentially inserting
the saw blade in the slots. Once the blade is inserted in
a slot, the saw is actuated. In this manner the surgeon is
able to cut the bone along the precisely defined lines
along which the bone is to be separated.

[0006] Another type of cutting guide is in the form of
an open-face block which is mounted to the bone at the
appropriate location and defines a guide surface thereon.
The sﬁrgeon performs the surgical procedure by positioning

the saw blade flat against the guide surface to make the
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desired cut. This type of cutting guide is advantageous in
that the visibility of the cutting area is improved from
that of cutting guides utilizing siots, since the saw blade
is not hidden within the slot.
[00071] While presently available sagittal saws and
complementary cutting guides work reasonably well, there
are some noticeable limitations. As mentioned above, known
commercially available sagittal saws are provided with flat
planar blades that oscillate. This type of blade
invariably rubs against the cutting guide material forming
the slot(s) in which the blade is inserted. This
repetitive contact wears away this slot-defining material.
- One problem associated with the wearing away of this
material is that it widens the slot. Eventually, the slot
may become gso wide that it no longer serves to precisely
define the cut line it is intendéd to define. Once a
cutting guide is so worn, it needs to be replaced.
Moreover, the wearing of the material forming the cutting
guide generates a fine dust of the material. This dust
inevitably settles on the surgical site at which the
procedure is being performed. Consequently, during the
procedure, the surgical personnel are required to spend an
appreciable amount of time flushing the site to remove this
dust. Having to repeatedly perform this process runs
counter to one of the primary goals when performing
surgery, that one should perform the procedure as quickly
as possible to both minimize the likelihood the exposed
tissue is open to infection and the aﬁount of time the
patient is held under anesthesia.
[0008] As discussed above, the oscillating blade of the
current surgical saw will repeatédly gall the surfaces of

the cutting guide forming the slot in which the blade is
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inserted. One further disadvantage of this blade galling
is that same consumes power, and since many sagittal saws
are battery powered, the power expended due to the friction
caused by the blade galling reduces the overall amount of
power the battery has available to power the saw. In other
words, the power consumed to overcome this frictional ‘
contact can reduce the overall amount of time the battery,
on a single charge, is able to power the saw. Moreover, as
a consequence of the saw blade galling against a surface of
the cutting guide, and then pulling away from the surface,
there is some jerking of the blade. This jerking motion is
transferred from the blade through the handpiece into the
hand of the surgeon holding the saw. Consequently, the
surgeon must exert some muscle control to hold the
handpiece steady when he/she is exposed to this jerking
motion.

[0009] Also, as an inevitable result of the back-and-
forth motion of the blade, the surgical saw invariably
vibrates. Again, the surgeon is required to engage in some
conscious or unconscious physical effort to hold the saw
steady when it so vibrates. Over time, having to so hold
the saw steady to overcome this vibration can be
gsignificantly mentally and physically fatiguing.

[0010] Recently, there has been proposed a new type of
surgical sagittal saw that does not include a flat
oscillating blade. This saw instead includes an endless
metal band that is formed with outwardly directed teeth.
The band is wrapped around a static guide that extends
forward from the handpiece, with the band teeth extending
outwardly from the guide. A drive mechanism rotates the
band. Since the guide of the proposed saw does not move,

it is believed that many of the problems associated with
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saws that have oscillating blades would be eliminated. One
example of this type of saw is disclosed in U.S. Patent No.
5 725 530.
[0011] However, there are disadvantages associated with
the above saw. It is expensive to provide the toothed
metal band. Also, the metal band appears prone to fatigue
and, consequently, breakage. The time it takes to replace
this metal band while in the middle of a surgical procedure
can appreciably increase the overall time required to
perform the procedure.
[oo12] Moreover, one of the goals of modern surgery is
to, whenever possible, perform the procedure using a
minimally invasive surgical (MIS) practice. As the name
implies, in an MIS procedure only a relatively small
incision is made with minimal soft tissue disruption in
order to gain access to the surgical site. Minimizing the
extent to which a patient’s tissue is exposed reduces the
amount of tissue that is exposed to the ambient environment
and the potential for infection caused by such exposure.
Furthermore, reducing the extent to which the patient’s
tissue is incised minimizes the amount of tissue that then
needs to heal.
[0013] In order to perform a minimally invasive surgical
procedure on a bone or bone joint, only a relatively small
portion of the surrounding soft tissue is incised to expdse
the bone or the joint. Consequently, the bone or joint is
not well exposed. In order to make the resection in the

. bone, the oscillating saw blade that is employed is
typically longer than the saw blade used to perform a
conventional, resection surgical procedure. Given the
relatively long length of the blade, the blade has a mass

moment of inertia that is appreciably greater than the mass
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moment of inertia associated with shorter-length blades.
Consequently, when the saw to which this blade is attached
is actuated, more vibratory motion is created by the blade
and transferred to the rest of the handpiece than when a
shorter blade is used. This increased vibratory motion can
make it difficult for the surgeon to hold the saw steady.
Further, because this longer type of saw blade oscillates
along essentially its entire length during the cutting
procedure, the saw blade can cause extensive damage to the
soft tissue at the incision.

[0014] Moreover, a longer blade is more flexible than
its shorter counterpart. The added flexibility of the
blade can result in the blade making less precise cuts in
the bone the blade is used to shape. Unfortunately, it is
not possible to reduce this flexibility by simply
increasing the overall thickness of the blade. Taking this
action increases the mass of the blade and, by extension,
the mass moment of inertia of the blade. For the reasons
set forth above, increasing the mass moment of inertia of
the blade would, in turn, increase the extent to which the
associated saw, when actuated, vibrates.

[0015] Also, both the sagittal saws that are provided
with oscillating blades and the proposed saw with a static
guide bar are used with cutting guides that are relatively
large in size. The relatively large size of the presently
available cutting guides makes it difficult, if not
impossible, to perform a minimally invasive surgical
procedure.

[0016] U.S. Patent No. 2 854 981 discloses a surgical
saw having a saw blade pivotably supported at the end of a
beam which extends forwardly from a handpiece. The beam

includes a pair of tubes which are secured on opposgite
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gsides of a support rod, which tubes house therein
reciprocating thrust rods. The thrust rods push against a
plate adjacent the blade and cause the blade to undergo
pivotal oscillating movement.

[0017] This saw, due to the pivotal mévement of the
blade at the distal end of the saw, would not appear to
create excessive vibratory motion and/or soft tissue
damage. However, the extension of the saw relative to the
cutting slot or kerf created by the blade in the hard
tissue or bone is limited. That is, the depth at which the
saw can cut is limited to the length of the blade itself,
since the beam which supports the blade is much larger than
the blade.

[0018] Further, the arrangement illustrated in the above
patent actuates the blade through compression of the
respective thrust rods which then push against the blade to
move same. This type of arrangement necessérily requires
that the rods be dimensionally large and constructed of a
heavy material capable of repeatedly withstanding these
types of forces, which then results in a heavy and

cumbersome saw.

SUMMARY OF THE INVENTION
[0019] This invention is generally related to a new and
useful sagittal saw for performing a surgical procedure and
a complementary cutting guide for using the saw. The saw
of this invention has a static, planar guide bar that
extends forward from the saw handpiece. A saw blade is
pivotally attached to the distal end section of the guide
bar. Drive rods or drive elements are attached to the

opposed sides of the blade and are housed within the guide
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bar. The dfive rods are attached to a drive assembly
integral with the saw handpiece.

[0020] The saw of this invention is used by actuating a
motor internal to the handpiece. The drive assembly
transfers the power developed by the motor to the drive
rods so that the rods simultaneously engage in back-and-
forth reciprocating motion in opposite directions. The
drive rods, in turn, transfer the reciprocating motion to
the saw blade so that the blade teeth move in a back-and-
forth or side-to-side oscillating motion.

[0021] The pivotal attachment of the saw blade at the
distal end of the guide bar results in less vibratory
motion of the saw. Further, the static guide bar which
supports the blade avoids excessive wearing of the cutting
guide, and particularly slotted cutting guides. Of
particular advantage is the configuration of the guide bar
according to the invention. More specifically, the guide
bar is constructed so as to have a relatively small
thickness dimension, which in the preferred embodiment is
no larger than the thickness dimension of the blade. This
allows increased extension or advancement of the blade into
the bone, since the guide bar is dimensioned so that same
will fit into the cutting slot or kerf created by the blade
in the bone. Further, the drive rods are under tension in
that same exert a pulling force on the blade to oscillate
same. This means that thinner drive rods can be utilized,
which results in a lightweight and easy to use saw.

[0022] The cutting guide of this invention is defined by
a block or body. Pins or other fastening members hold the
guide block in a fixed position relative to the bone of
other hard tissue to be cut. The cutting guide is formed

with one or more outer surfaces that are guide surfaces.
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The cutting guide is positioned so that the guide surface
is in the plane or immediately adjacent the plane in which
the cut through the bone is to be made. A capture pin
extends upwardly from the guide surface. The guide bar of
the saw of this invention is further formed to have an
elongated slot. The cutting guide capture pin is seated in
the slbt to hold the saw guide bar to the cutting guide,
and yet allow the saw to both move forward and pivot
relative to the cutting guide. The capture pin can be
slidably mounted or seated within an elongate slot or track
defined in the block which opens through the guide surface,
which capture pin is moved by the guide bar of the saw
during a cutting procedure to allow lateral movement of the
saw across the guide surface. Alternatively, the capture
pin can be mounted to the block in a removable manner to
allow same to be mounted in multiple locations along the
block.

[0023] The capture pin reduces the overall size of the
cutting guide, which makes it possible to use a cutting
guide that is relatively small in size. Further, the
cutting guide according to the invention allows greater
cutting site visibility of open-fade cutting guides as
discussed above. However, the capture pin according to the
invention avoids the disadvantage of conventional open-face
cutting guides wherein the surgeon must make a conscious
effort to maintain the saw blade flat against the guide

surface of the cutting guide.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] The invention is pointed out with particularity

in the claims. The above and further features and
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advantages are better understood from the Detailed
Description below and the accompanying drawings, in which:
[0625] Figure 1 is a perspective view of the saw and saw
blade assembly of this invention;

[0026] Figure 2 is an exploded view of the head of the
handpiece of this invention;

[0027] Figure 3 is a longitudinal cross-sectional view
of the head of the handpiece;

[0028] Figure 4 is a lateral cross-sectional view of the

head of the handpiece;

[0029] Figure 5 is a perspective view of the drive base;
[0030] Figure 6 is a plan view of the drive link;
[0031] Figure 7 is a plan view of the saw blade assembly

of this invention;
[0032] Figure 7A is a cross-sectional view of the distal
end of the saw blade assembly of Figure 7 along the

longitudinal center axis of the saw blade assembly;

[0033] Figure 8 is an exploded view of the saw blade
assembly;

[0034] Figure 9 is a plan view of the saw blade;
[0035] Figure 10 is a. perspective view of how the saw

and cutting guide of this invention are collectively used
to make a defined cut in a section of body tissue, the body
tissue being a diagrammatic representation of a portion of
bone;

[0036] Figure 11 is a perspective view of the cutting
guide of this invention;

[0037] Figure 11A is an enlarged cross-sectional view of
the cutting guide shown in Figure 11;

[0038] Figure 11B is a top perspective view of an

alternative cutting guide;

10
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[0039]  Figure 11C is a side view of the cutting guide of
Figure 11B;
[0040] Figure 12 is a plan view of an alternative saw

blade assembly of this invention;

[0041] Figure 13 is a partially disassembled plan view
of the saw blade assembly of Figure 12, with the outer bar
removed;

[0042] Figure 14 is a plan view of the saw blade of
Figure 13;

[0043] Figure 15 is a perspective view of the distal end

of an alternative saw assembly of this invention;

[0044] Figure 16 is a plan view of a partially
disassembled saw blade of Figure 15;

[0045] Figure 17 is a plan view of an alternativé saw
blade of this invention;

[0046] Figure 18 is a side and cross-sectional view of
an alternative means of attaching the saw blade to the
cutting guide of this invention;

[0047] Figure 19 depicts the features of an alternative
saw blade of thig invention and how the saw blade is
pivotally mounted to the complementary guide bar assembly;
[0048] Figure 20 depicts the features of an alternative
saw blade of this invention and how the saw blade is
pivotally mounted to the complementary guide bar assembly;
and '

[0049] Figure 21 depicts the features of another
alternative saw blade assembly of this invention.

[0050] Certain terminology will be used in the following
description for convenience in reference only, and will not
be limiting. For example, the words "upwardly",
"downwardly", "rightwardly" and "leftwardly" will refer to

directions in the drawings to which reference is made. The

11
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words "inwardly" and "outwardly" will refer to directions
toward and away from, respectively, the geometric center of
the arrangement. The word “distally” shall mean directed
towards the patient, and the word “proximally” shall mean
directed away from the patient. Said terminology will
include the words specifically mentioned, derivatives

thereof, and words of similar import.

DETAILED DESCRIPTION
[0051] Figure 1 illustrates a surgical saw 20 and
complementary blade assembly 22 of this invention. Saw 20
includes a handpiece 24 that functions as the body of the
saw. The handpiece 24 is shaped to have a handgrip 26 and
an upper shell 28 that extends over the handgrip 26.
Internal to the upper shell 28 is a motor 30 (shown in
phantom) . A battery (not shown) is removably attached to
the base of the handgrip 26. A manually retractable
trigger 32 extends forward from the distally directed
forward surface of the handgrip 26. Located in the upper
shell 28 immediately above the trigger 32 and below the
motor 30 is a qonttol module 34 (shown in phantom).
Electronics integral with the control module 34 monitor the
extent to which the trigger is depressed and, based on the
trigger state, regulate the actuation of the motor 30.
[0052] - Located forward from the distally facing front
face of the handpiece upper shell 28 is a head 38. Head 38
is the component of the saw 20 to which the blade
assembly 22 is attached. The head 38 is attached to the
handpiece 24 by a cylindrical neck 40, head 38 and neck 40
being formed as an integral unit. The outer surface of

neck 40 is provided with threading (not illustrated).
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Neck 40 is screw-secured in a forward opening bore in the
handpiece upper shell 28 (bore not illustrated).

[0053] As seen in Figures 2-4, a lock ring 41 is
threaded over neck 40 and located forward of the upper
shell 28. When the handpiece 24 of this invention is
assembled, the head 38 and neck 40 are first rotated so as
to be in the proper orientation relative to the handpiece
upper shell 28. Lock ring 41 is then rotated around the
neck 40 so as to press against the front face of the upper
shell 28 so as to hold the head 38 and neck 40 in position.
[0054] Head 38 is located at the distal end of the
neck 40 and has a cross-sectional width greater than the
diameter of the neck. The distal facing front face of the
head is curved. A bore 42 extends longitudinally through
the neck 40. - The bore 42 terminates in a bore 44 that
extends longitudinally through the head 38. Since the
longitudinal axes of head 38 and neck 40 are
perpendicularly offset from each other, it should be
understood that the axes of bores 42 and 44 are likewise
perpendicularly offset.

[0055] The top of the head 38 is formed so as to define
two grooves 46 and 47, each of which has a rectangularly
shaped crogs-sectional profile. Groove 46 extends
longitudinally along the head 38, from the distal facing
front face towards neck 40. Groove 47 extends
perpendicular to and crosses groove 46. Groove 47 is
deeper than groove 46 such that groove 47 bisects

groove 46. Bore 44 opens into the top surface of the

head 38 that defines groove 47.

[0056] Internal to head 38 and neck 40 is a drive
assembly that actuates the actual saw blade of saw blade

assembly 22 that is now described by reference to Figures 2

13
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and 3. The drive assembly includes a drive shaft 48 that
extends from the handpiece upper shell 28 into the neck 40.
In some versions of the invention, drive shaft 48 may be
the actual output drive shaft of motor 30. In some
versions of the invention, drive shaft 48 may be an output
drive shaft of a speed reduction gear assembly or an idler
shaft to which the actual motor drive shaft is connected.
[0057] The rotation of the drive shaft 48 oscillates,
via a drive link 72, a generally cylindrical, multi-section
head drive shaft or drive base 50 that is rotatably mounted
in head bore 44. The head drive shaft 50, now described
with reference to Figure 5, is shaped to have a cylindrical
stem 52. Stem 52 has a first lower section 54 with a first
outer diameter and a second upper section 56 with é second
outer diameter that is slightly larger than the first
diameter. BAbove the stem second section 56, head drive
shaft 50 has a main section 58 with an outer diameter
greater than that of either of the stem sections 54 and 56.
Generally, the main section 58 is cylindrical. However,
the main section 58 is formed so that the lower section
thereof has two diametrically opposed flats 60. Above the
main section 58, head drive shaft 50 is formed to have a
head 62. The head 62 is generally circular in shape and
has an outer diameter‘greater than that of the underlying
main section 58. Head 62 is further formed to have a

slot 64 that extends along the length of the head. The
longitudinal axis of slot 64 is perpendicular to the planes
in which flats 60 lie.

[0058] When the handpiece 26 is agsembled, most of the
head drive shaft 50 is disposed in head bore 44. The upper
portion of the head 62 extends into the bottom portion of

the head groove 47.
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[0059] Bearing assemblies 66 and 68 rotatably hold head
drive shaft 50 in head 38. Bearing assembly 66 extends
between the stem lower section 54 and the adjacent inner
wall of head 38 that defines bore 44. The inner race of
bearing assembly 66 abuts the step between the lower and
upper sections 54 and 56, respectively, of the stem 52. A
retaining ring (not illustrated) snap fitted into a

groove 67 formed in the end of the stem lower section 54
holds the bearing assembly 66 to the stem 52.

[0060] Bearing assembly 68 is located around the main
section 58 immediately below the head 62. Bearing assembly
68 thus extends between the main section 58 and the inner
wall of the head that defines bore 44. 1In the depicted
version of the invention the head is shaped so that the
bore 44 has a large diameter counterbore (not identified).
The outer race of bearing assembly 68 seats against the
stepped surface between the counterbore and main sections
of bore 44.

[0061] Drive link 72, as best seen in Figure 6, has a
circular distal end 74 formed with a closed opening 73.
Opening 73 is defined by two opposed flat walls 75 and two
opposed curved walls 76. More particularly, the drive
link 72 is shaped so that, when the drive link is fitted to
the head drive shaft 50, the flat walls 75 and cﬁrved
walls 76 that define the opening 73 closely abut,
respectively, the flats 60 and adjacent curved surfaces of
the main section 58 of head drive shaft 50.

[0062] A collar 77 is press-fit to the stem upper
section 56. Collar 77 prevents downward slippage of the
drive link 72 from the main section 58.

[0063] Extending proximally from the distal end that

defines opening 73, drive link 72 is shaped so as to have a
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proximal end that has two parallel opposed tines 78.
Tines 78 are generally directed towards drive shaft 48.
[0064] Drive shaft 48 is formed to have a cylindrically-
shaped cam 79 that extends forward from the front end of
the drive shaft. Cam 79, it will be observed, is parallel
to and axially offset from the longitudinal axis of drive
shaft 48. The drive link 72 is positioned relative to the
drive shaft so that cam 79 is disposed between the drive
link tines 78.
[0065] A spherical bearing 80 is fitted over cam 79.
The drive shaft cam 79 extends into an opening 82 in the
center of the spherical beariné 80. A snap ring 81 holds
bearing 80 to the cam 79. Bearing 80 is positioned and
dimensioned to be closely slip fitted between the drive
link tines 78. Thus, bearing 80 transfers the rotational
movement of cam 79 around the center axis of the drive
shaft 48 to the drive link 72 as an oscillatory movement,
and the drive link 72 transfers this oscillatory movement
to head drive shaft 50.
[0066] An oscillating bar 86 is secured in the slot 64
formed in the drive base head 62. More specifically, a
threaded fastener (not illustrated) that extends through an
opening 87 formed in the oscillating bar 86 and a bore 88
in the head drive shaft 50 that opens into slot 64, holds
the bar 86 to the head drive shaft 50. Oscillating bar 86,
it will be understood is positioned in the base of the head
groove 47. Collectively, the assembly that oscillates
bar 86 and the bar 86 are constructed so that, when the bar
oscillates, the component does not contact the opposed
~interior walls of head 38 that define head groove 47.
t0067] Two pins 85 are press-fit into separate

openings 90 formed in the top of oscillating bar 86.
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Openings 90 are centered on the longitudinal axis of the
oscillating bar 86 and symmetrically located around
opening 87. Each pin 85 has a relatively wide center waist
section 84. The presence of the waist sections 84 limit
the extent to which the pins 85 are press-fit into the
oscillating bar 86.

[0068] A cover 91 is secured over the top of the saw
head 38 so as to cover the proximal end of the saw blade
agsembly 22, i.e. the end secured to the head 38. Cover 91
is shaped so as to have legs 92 that extend downwardly from
opposed sides of the cover (one leg shown). The legs 92
seat in opposite ends of head groove 47.

[0069] Cover 91 is further formed to have a downwardly
extending center rib 94 that extends the length of the
cover. Rib 94 is spaced inwardly from legs 92. When the
saw 20 and complementary blade assembly 22 of this
invention are assembled together, the proximal end of the
blade assembly 22 is seated in head groove 46. Rib 94
éeats in head groove 46 above the proximal end of the blade
agsembly 22. The rib 94 is formed with two parallel
opposed flanges 98 (one flange shown). Flanges 98, which
are located on opposed sides of the rib 94, extend the
length of the rib. When the saw 20 and blade assembly 22
" are assembled together, each flange 98 is located between a
side edge surface of the blade assembly 22 and the adjacent
inner wall of the head 38 that defines groove 46.

[0070] Threaded fasteners 93 removably secure the

cover 91 to the head 38. Each fastener 93 extends through
an opening 102 formed with a counterbore 103 (Figure 3)
that extends through the cover 91 and rib 94 into a

complementary threaded bore 104 formed in the head 38.
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Bores 104, it will be observed extend downwardly from the
base of head groove 46.
[0071] As seen by reference to Figures 1, 7, 7A and 8,
the saw blade assembly 22 includes a guide bar assembly 110
that extends distally forward from handpiece head 38. A
saw blade 112 that is pivotally connected to the guide bar
assembly 110 extends forward from the distal .end of the
guide bar assembly. Thin, plate-like drive rods oxr drive
elements 114 extend between the oscillating bar 86 located
in the head 38 of handpiece 24 and the saw blade 112. The
drive rods 114 transfer the oscillating motion of bar 86 to
the saw blade 112 so that when the saw 20 is actuated, the
saw blade 112 moves in a back-and-forth motion.
[0072] The guide bar assembly 110 consists of three
planar, plate-shaped bars, i.e. a bottom bar 116, an inner
bar 118 and an outer bar 120 that are stacked together.
Bottom bar 116 and outer bar 120 are generally identical in
overall length and width. The bottom bar and outer bar 116
and 120, respectively, are each formed so that immediately
forward of the proximal end, there are two inwardly
~directed cutouts 122. The most distal front ends of both
the bottom bar 116 and outer bar 120 are curved (curved
distal ends not identified). The bottom bar 116 is further
formed to define opposed rectangular notches 124 that are
located proximally of the front end and extend inwardly
from the opposed sides of the bar.
[0073] Inner bar 118 is shorter in overall length and
narrower in overall width than the bottom bar and outer bar
116 and 120, respectively. Inner bar 118 is formed to have
a proximal end stem 128 with a proximal end edge that is
aligned with the proximal end edges of the surrounding

bottom bar 116 and outer bar 120. A short distance forward
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from the proximal end edge, the inner bar stem 128 curves
inwardly so as to have a curvature that is aligned with the
adjacent inwardly curved side edges of the bottom bar 116
and outer bar 120. Forward of where the inner bar 118
curves inwardly; the bar 118 has a constant width.

[0074] Inner bar 118 has an overall length that is
typically from 70 to 90% of the overall length of the
bottom and outer bars 116 and 120, respectively. In more
preferred versions of the invention, the overall length of
the inner bar 118 is between 75 and 85% of the overall
length of the bottom and outer bars 116 and 120,
respectively. Forward of stem 128, inner bar 118 has a
width that is typically between 30 and 95% of the width of
the bottom and inner bars 116 and 120, respectively. In
more preferred versions of the invention, the width of the
main portion of the inner bar 118 is between 50 and 90% of
the width of the surrounding sections of the bottom and
outer bars 116 and 120, respectively.

[0075] The guide bar assembly 110 is assembled by first
welding a pair of support bars 130 in notches 124 of the
bottom bar 116. The support bars 130 are generally
recﬁangular in shape. One support bar 130 is welded in
each notch so as to extend upwardly from the bottom

bar 116.

_[0076] The inner bar 118 and outer bar 120 are then
stacked over the bottom bar. The support bars 130 are
welded to the abutting inwardly directed face of the outer
bar 120. Once the guide bar assembly 110 is partially
assembled (i.e. the inner bar 118 is still loose at this
point), the sandwiched metal forming the bottom, inner and
outer bars 116, 118 and 120, respectively, is selectively

removed in a single operation to form a generally
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rectangular guide slot 132 and two oval shaped openings 134
and 136. Slot 132 and openings 134 and 136 are
longitudinally aligned along the center longitudinal axis
of the bars 116, 118 and 120. Slot 132 is located in the
portion of the guide bar assembly that extends forward from
saw head 38. The guide bar assembly is further formed so
as to define an opening 133 that is contiguous with and
communicates with the distal end of slot 132. Opening 133
is wider than slot 132. Openings 134 and 136 are formed in
the portions of the guide bar assembly 110 that seat in the
base of head groove 46. Opening 136 is the more proximally
located of the two openings. Portions of the edge surfaces
of the bottom, inner and outer bars 116, 118 and 120 that
define slot 132 and openings 133, 134 and 136 are then
welded together so as to secure the bars to each other.
{00771 -When the blade assembly 22 ig attached to saw 20,
guide bar openings 134 and 136 are each in registration
with one of the cover openings 102 and complementary head
openings 104. Thus, openings 134 and 136 each accommodate
a separate one of the fastemers 93 that secure the cover 91
to the head 38. Fasteners 93 likewise hold the saw blade
assembly 22 to the saw 20. Openings 134 and 136 are oval
to accommodate for manufacturing variations between the
components of this invention. The purpose of the guide
slot 132 and companion opening 133 is explained
hereinafter.

[0078] It will be appreciated that blade assembly 22 may
alternatively be secured to saw 20 without the use of
fasteners 93. For example, blade assembly 22 can be
fastened to saw 20 by a detent or other capture arrangement
which. would allow the proximal end of blade assembly 22 to
be quickly fastened to saw 20.
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[0079] Guide bar assembly 110 also has a pivot pin 140
formed of hardened metal, such as tungsten carbide. Pivot
pin 140 is located immediately forward of the distal end of
the inner bar 118 and extends between the bottom and outer
bars 116 and 120, respectively. Morxe particularly, the
bottom bar 116 and outer bar 120 are formed with holes 142
and 144, respectively. The opposed ends of the pivot

pin 140 are welded or otherwise secured in holes 142

and 144.

[0080] From the foregoing description, it should be
understood that the inner bar 118 and support bars 130 hold
bottom bar 116 and outer bar 120 apart or in spaced
relation from each other. Inner bar 118 and the support
bars 130 also contribute to the overall rigidity of the
guide bar assembly 110.

[o081] The saw blade 112 is now initially described in
detail by reference to Figure 9. The saw blade 112 is a
single monolithic piece of flat-shaped metal, such as 420
stainless steel. The saw blade 112 is shaped to have a
generally rectangular base 148 that forms the proximal end
of the blade 112. Base 148 is shaped to have three notches
150, 152 and 154 that extend forward from the proximal end
of the base 112. Notch 152, the middle one of the three
notches, is U-shaped and is located along the longitudinal
center axis of the saw blade 112.

[o082] Notches 150 and 154 are located on opposed sides
of notch 152 and are equidistantly spaced from the
longitudinal center axis of the saw blade 112. Notches 150
and 154 are identically shaped. Specifically, the saw
blade 112 is shaped so that each notch 150 énd 154 has a
tapered proximal section 156. Specifically, the notch

proximal sections are tapered such that the sections have
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the greatest width adjacent the proximal edge of the saw
blade 112. Integral with and located forward of the
proximal section 156, each notch 150 and 152 has a distal
section 158 with a circular crosg-sectional profile. The
diameter of the notch distal sections 158 is approximately
equal to that of the widest width of the proximal
sections 156.
[0083] Extending forwardly from the base 148, saw
blade 112 has a main section 162. In the illustrated
embodiment, the main section is formed to have two opposed
sides 164 that have a concave curvature. Owing to the
curvature of sides 164, the narrowest width portion of the
saw blade main section 162 is the middle portion of the
main section. '
[0084] Forward of the main section, saw blade 112 in the
illustrated embodiment has an arcuately shaped head 166.
It will be appreciated that blade 112 need not be outwardly
curved as shown, and instead may have other configurations.
Head 166 is formed with teeth 168. The head 166 is the
actual cutting portion of the saw blade 112. For the
reasons discussed below, the blade 112 is formed so that
head 166 has a thickness greater than thap of the base 148
and main section 162. '
{o085] It is anticipated that saw blade 112 will
typically have a gide-to-side width of about 1.5 inches or
less and often about 0.9 inches or less. The overall
length of the saw blade 112 from the proximal end of the

- base 148 té the most distal tooth 168 will be about 3.0
inches or less and often about 1.5 inches or less.
foo8s6] Collectively, the saw blade assembly 22 is
constructed so that the blade head 166 has a depth, i.e. a
thickness, greater than that of the adjacent guide bar
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assembly 110 as shown in Figure 7A. The saw blade 112 is
shaped so that the opposed top and bottom surfaces of the
blade head 166 extend, respectively, above and below the
adjacent top and bottom surfaces of the guide bar
assembly 110. As a result of this design, when saw 20 is
actuated and the blade head 166 pressed into. the bone, the
resultant kerf is slightly larger than the thickness of the
guide bar assembly 110. This facilitates the movement of
the guide bar assembly 110 through the kerf as the bone is
cut. In practice, it is anticipated the saw blade
assembly 22 will be designed so the blade head 166 has a
thickness that is approximately 0.010 inches greater than
that of the guide bar assembly 110 from which the head
extends. The saw blade 112 is shaped so that the extra
thickness of the head 166 is symmetrically arranged
relative to the top and bottom surfaces of the guide bar
assembly 110. Thus, the blade head 166 typically extends
approximately 0.005 inches beyond each of the top and
bottom surfaces of the guide bar assembly.

[0087] In saws of this invention with saw blade
assemblies 22 designed for use in orthopedic surgery, the
guide bar assembly will often have a thickness of 4
approximately 0.090 inches. The complementary saw blade
head 166 will therefore have a thickness of approximately
0.100 inches. It is anticipated that the thinnest saw
blade assemblies 22 designed for orthopedic surgery will
have guide bar assemblies with a thickness of 0.040 inches
and blade heads with thicknesses of 0.050 inches. These
thin saw blade assemblies would be designed for use with
conventional cutting guides that are formed with narrow

guide slots.
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[0088]‘ The saw blade 112 is disposed between the distal
end sections of the bottom and outer bars 116 and 120,
respectively. The saw blade 112 is positioned between bars
116 and 120 so that the pivot pin 140 seats in notch 152.
Saw blade 112 thus pivots around pin 140.

[0089] The drive rods 114 connect the séw blade 112 to
the opposed ends of the oscillating bar 86. The drive

rods 114 are formed of a metal such as 17-4 stainless
steel. This material has a slight degree of elasticity for
purposes that will be clear from the following description.
As seen by reference to Figure 8, the proximal end of each
drive rod 114 is formed to have a ring 170. The distal end
of each drive rod 114 is formed to have a solid, circularly
shaped head 172.

[0090] When saw 20 and blade assembly 22 of this
invention are assembled together, each drive rod 114 is
located between the bottom and outer bars 116 and 120,
respectively and adjacent one side of the inner bar 118.
The proximal end ring 170 of each drive rod is fitted over
_a separate one of the pins 85 integral with the oscillating
bar 86. The distal end head 172 is seated in the distal
section 158 of the adjacent saw blade notch 150 or 154.
[0091] In practice, in the described version of the
invention, a saw blade 112 is removed and replaced by first
removing cover 91 from head 38. The saw blade assembly 22
is then removed from the head 38 so that the drive rod
rings 170 are lifted off the pins 85. Once the guide bar
assembly 110 is free of the head, the saw blade 112 is
pulled forward so as to expose the drive rod heads 172.
Once the saw blade 112 is so positioned, it is a simple
matter to remove the blade from the drive rods 114, fit a

new blade to the drive rods and push the blade and drive
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rods proximally back towards the saw head 38 to a position
where notch 152 engages the pin 140. The reassembled saw
blade assembly is then reattached to the saw head 38.
[0092] Figure 10 illustrates how a cﬁtting guide 180 of
this invention is used to hold the saw 20 and saw blade
assembly 22 steady so as to facilitate the making of a
desired cut in the bone to which the saw blade 112 is
applied. Figure 11 shows the cutting guide in an isolated
view. Cutting guide 180, sometimes referred to as a jig,
includes a block or body 182 which can be affixed to most
bone joint resection surfaces. In the depicted version of
the invention, block 182 is generally L-shaped though this
need not always be the case. In practice, cutting

guide 180 is temporarily fitted to the proximal portion or
head 184 of a tibia 186 (tibia represented
diagrammatically). The cutting guide 180 is positioned so
that the long side of the block extends perpendicularly
across the proximal portion 184. In Figure 10, cutting
guide 180 is shown spaced rearwardly from head 184 for
illustrative purposes. Pins 183 (one shown) temporarily
secure block 182 to the tibia 186. The pins 183 extend
into the tibia 186 through bores 187 formed in the

block 182.

[0093] Block 182 in the illustrated embodiment defines
therein a groove 188, although this need not always be the
case. Groove 188 (Figure 11) extends vertically through
the long-width end section of the block 182. Thué, groove
188 is generally parallel to tibia 186and extends inwardly
from the surface of the block 182 positioned adjacent the
tibia 184. Groove 188 is shaped to receive an alignment
rod used to facilitate the positioning of cutting

guide 180. (The alignment rod is not part of this
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invention.) A thumb screw 190, the head of which is shown
in Figure 11, is mounted to the proximal portion of the
block 182 located below the long upper section thereof.
The thumb screw 190 projects into groove 188 to facilitate
the temporary securing of the cutting guide 180 to the
alignment rod.

[0094] The topmost outer surface of block 182, the
surface depicted as extending perpendicularly relative to
the tibia portion 184, is referred to as the guide

surface 194. The guide surface 194 is in a plane that
intersects the tibia, in the‘illustrated example, the tibia
portion 184. “
[0095] The block 182 defines therein an elongated slot,
channel or track 195 which opens upwardly through guide
surface 194 and extends across a substantial portion of the
long upper portion of block 182. 1In the illustrated
embodiment, the track 195 at one end opens sidewardly
through a terminal side surface 195A of block 182 and
terminates at an opposite closed end adjacent groove 188.
With reference to Figure 11A, track 195 is defined by an
upper portion 195B which opens upwardly through guide
surface 194 and é lower portion 195C which opens into or
communicates with upper portion 195B. Lower portion 195C
has a greater width than upper portion 195B to provide
track 195 with an inverted T-shaped or dovetail
configuration.

[0096] As shown in Figures 10-11A, a capture pin or
capture element 196 is movably and slidably mounted within
track 195 of block 182. Capture pin 196 has an upper
enlarged part or head 197 which is located above guide
surface 194, a stem or middle section 198 which is

connected to and projects downwardly from head 197, and a
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lower part or base 199 which is connected to and projects
downwardly from stem 198. The width diminsions of stem 198
and base 199 are slightly less than the respective width
dimensions of upper and lower portions 195B and 195C,
respectively, to allow sliding movement of capture pin 196
within track 195. Further, the stem 198 of pin 196 is
sized so that same can travel within guide slot 132 of
guide bar assembly 110, and head 197 is sized to have a
greater width than guide slot 132. When the capture pin
196 is positioned within track 195, the head 197 is spaced
upwardly a short distance from guide surface 194 as shown
in Figure 11A to allow positioning of guide bar assembly
110 between head 197 and guide surface 194 as shown in
dotted lines and as discussed further below. The space
defined between the lower surface of head 197 and guide
surface 194 is large enough to allow movement of guide bar
assembly 110 relative to cutting guide 180.

[0097] The saw 20 including saw blade assembly 22 and
cutting guide 180 are used by first affixing the cutting
guide 180 to the bone to be cut with pins 183. More
particularly, the cutting guide 180 is secured to thé bone
so that the guide surface 194 is immediately below the
plane of the bone along which the cut is to be made. The
saw 20 is then fitted to the cutting guide 180. This is
accomplished by passing the capture pin head 197 through
the wide diameter opening 133 of the guide bar assembly
110. The saw is then moved forward so that stem 198 seats
in the guide bar assembly slot 132 so as to hold the guide
bar assembly, as well as the attached saw 20, to the
cutting guide 180. The surgeon then makes the desired cut
by depressing the trigger 32 so as to actuate the motor 30.

The actuation of the motor 30 results in the oscillation of.
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bar 86. The movement of bar 86 is transferred by drive
rods 114 to the saw blade 112 so as to cause a back-and-
forth movement of the blade 112 across the distal end of
the guide bar assembly 110 and about pivot pin 140. The
surgeon then presses the saw into the bone, tibia portion
184. The cut is made along the desired line by moving the
saw so that the guide bar assembly 110 pivots around stem
198 of capture pin 196. - The saw can be pushed forward so
that blade 112 cuts completely through the bone. During the
procedure, the guide bar assembly 110 is constrained
between the guide surface 194 and the head 197 to ensure
that as the blade 112 is pressed forward into or towards
the bone, the cut in the bone is made in the desired cut
plane as determined by guide surface 194. Further, during
the cutting process, the capture pin 196 is moved by the
guide bar assembly 110 within and along track 195 to allow
lateral movement of the saw 20.
[0098] After the desired cut is made, the saw is
retracted so that guide bar opening 133 is again in
registration with the capture pin head 197. The saw is
then lifted free of the cutting guide 180 and the cutting
. guide 180 released from the bone.
[00991] The saw 20 and saw blade assembly 22 are thus
constructed so that the only exposed component that moves
side-to-side is the saw blade head 166, the most distal
component of the saw. The guide bar assembly 110 remains
static with respect to the rest of the saw 20. Thus, when
the saw of this invention is inserted in a conventional
cutting guide formed with a guide slot, once the saw blade
starts cutting through bone, the only saw component that
abuts the surfaces forming the guide slot are the surfaces

of the guide bar assembly 110. Since the guide bar
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assembly is relatively static, this abutment does not
excessively wear the material defining the slot in the
cutting guide. Consequently, this invention avoids the
problems associated with this wear.

[001001] Still another feature of the saw and saw blade
assembly of this invention, is that the oscillating portion
of the saw, blade 112, is relatively short. Consequently,
the mass moment of inertia of the blade, i.e. the inherent
ability of the blade to resist changes in rotational speed,
is relatively small in comparison to longer conventional
blades. Since the mass moment of inertia of the saw blade
is relatively small, large amounts of force do not have to
be applied to the blade in order to cause it to oscillate
in the desired back-and-forth pattern. Given that only
small amounts of force are applied to the blade, the
resultant vibrations induced by the oscillatory movement of
the blade are likewise reduced in comparison to those
produced when a conventional saw blade is oscillated.
[0o0101] Since the only portion of the saw blade

assembly 22 that moves is the saw blade 112, the mass
moment of inertia of the saw blade assembly 22 of this
invention is independent of the length of the guide bar
assembly 110. This means a saw blade assembly 22 that
includes a guide bar assembly 110 with a length of about
gix inches or more would have associated with it the same
mass moment of inertia that is present with a saw blade
assembly that has a guide bar assembly of shorter length.
(This assumes both saw blade assemblies 22 are provided
with the same size saw blade 112.) Thus, using saw 20 with
a relatively long saw blade assembly 22 does not result in
the saw vibrating appreciably more than one when a shorter

blade assembly is used. These long length saw blade
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assemblies are well suited to make cuts in bone exposed
using a minimally invasive surgical technique, and are
otherwise difficult to access. Thus, the saw of this
invention can be used to perform minimally invasive surgery
with a relatively long blade assembly without vibratihg
significantly more than when the saw is used to perform a
procedure with a short-length blade assembly.
[00102] Still another benefit of the saw and saw blade
assembly of this invention is that since the saw blade 112,
and not the guide bar assembly 110, is the oscillating
component, the guide bar assembly 110 can be made
relatively thick without increasing the mass moment of
inertia of the saw blade assembly 22, while still
maintaining a thickness which is small enough to be
inserted into the kerf made in the bone by the blade head
166. It may be useful in some embodiments to construct the
guide bar assembly 110 so that it is relatively thick, i.e.
having a depth greater than the dimensions stated above,
when providing a relatively long length guide bar assembly.
The increased thickness of the guide bar assembly reduces
the flexibility of the assembly. This is desirable when
providing a long length saw blade assembly 22 designed to
perform a minimally invasive surgical procedure.
[00103] The fact that the guide bar assembly 110 stays
static further makes it possible to use the saw 20 of this
invention with the complementary cutting guide 180.
Cutting guide 180, unlike a conventional cutting guide,
does not require a top wall to define a guide slot or side
" members to support a top wall-defining upper member. Thus,
cutting guide 180, since it does not have the structural
members of conventional slot-defining cutting guides, is

smaller in size than conventional cutting guides, and thus
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provides greater visibility to the surgeon. Further, since
there is no contact between the oscillating saw blade 112
and the guide surface 194, galling of the guide surface 194
is prevented.

[00104] Collectiveiy, it should be further understood
that the saw blade assembly of this invention is designed
so that when the saw is actuated, the saw blade moves in an
arc of at least about 8° and more preferably approximately
10° (5° on both sides of the 1ongitudinai centerline of the
guide bar assembly). Constructing the saw and saw blade
assembly of this invention so that the saw blade moves to
this extent results in the blade moving over the same
arcuate distance as a conventional sagittal saw blade, i.e.
where a blade is pivotally attached to the head. Thus,
since the sweep of the blade of this invention is the same
as the blade sweep of a conventional blade assembly, a
surgeon will not have to modify his/her practices
significantly to adjust for the use of this invention. It
is anticipated that when the saw is actuated, blade 112
will engage in between about 8,000 and about 16,000
complete back-and-forth oscillations per minute.

[00105] Figures 11B and 11C illustrate an alternative
cutting guide 180‘. Cutting guide 180’ is similar to
cutting guide 180, and therefore the same reference numbers
are utilized for similar components, plus a “prime”.

[00106] Cutting guide 180’ is defined by a generally L-
shaped body or block 182’. Block 182’ is secured to a bone
with pins (not shown) which extend through bores 187’
defined in block 182'. Groove 188' is defined in block
182’ for receiving an alignment rod. A thumb screw 190 in
this embodiment is mounted to the short downwardly

projecting portion 181 of the block 182’ which extends
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below the long upper section thereof, which thumb screw
190’ projects into the groove 188’ to temporarily secure
guide 180’ to the alignment rod.

{001071 In this embodiment, a capture pin or capture
elemént 196’ is mounted to block 182’ and projects upwardly
from guide surface 194’. Capture pin 196’ includes an
upper part or head 197’ spaced upwardly from guide surface
194' by a stem 198’ which extends between surface 194’ and
the underside of head 197'. Sfem 198’ has a cross-section
which is less than that of head 197’, and is sized to allow
same to travel within guide slot 132 of guide bar assembly
110. Head 197’ is sized to allow same to pass through wide
diameter opening 133 of the guide bar assembly 110. The
cutting gquide 180’ is used in a similar manner as guide
180, and maintains guide bar assembly 110 between head 197’
and surface 194’ during the cutting procedure.

[o0l08] As shown in dotted lines in Figure 11B, the
capture pin 196’ can be removably mounted to block 182’,
and block 182’ can be provided with multiple mounting
locations 185 (shown in dotted lines) to allow selective
positioning of capture pin 196’ along guide surface 194'.
An example of a threaded—type of removable mounting is
illustrated in Figure 18. as discussed below.

[00109] It will be appreciated that cutting guides 180
and 180’ are only examples of cutting guides which may be
used according to the invention, and that other cutting
guides may be utilized for securing to other locations
along the tibia or for attachment to other bones. Further,
while cutting guides 180 and 180’ are described herein with
reference to guide surfaces 194 and 194', respectively, it
will be understood that such guides may be provided with

multiple guide surfaces, if desirable or necessary. 1In
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this regard, block 182 can be provided with additional
tracks similar to track 195 which open through the
respective guide surfaces. Likewise, block 182’ can be
provided with additional mounting locations 185 on the
respective guide surfaces.

[o0110] Figures 12-14 illustrate an alternative saw blade
assembly 210 of this invention. Saw blade assembly 210
includes a guide bar assembly 212. A saw blade 214 is
pivotally mounted to the guide bar assembly 212 to extend
out of the distal end of the guide bar assembly. Two drive
rods 216 are integrally formed with the saw blade 214 and
extend proximally rearward from the opposed sides of the
saw blade. Each drive rod 216 is connected to a one of the
oscillating bar pins 85.

[00111] Guide bar assembly 212 includes a bottom bar 218,
an inner bar 220 and an outer bar 222. Bottom bar 218 and
outer bar 222 are identically shaped and have the general
shape of the previously described bottom and outer bars 116
and 120, respectively, of guide bar assembly 110.

[00112] Inner bar 220 has a proximal end 224 identical in
shape to that of the proximal ends of the surrounding
bottom and outer bars 218 and 222, respectively. Forward
of the proximal end 224, inner bar 220 is formed to have
two' symmetric inwardly directed cutouts 226 that define a
surface area identical to those defined by the cutouts
integral with the bottom and outer bars 218 and 222,
respectively. Forward of the cutouts 226, inner bar 220
has a main section 228 that extends distally forward. The
inner bar 220 is shaped so that main section 228 has a
width that is narrower than the width of the surrounding
sections of the bottom and outer bars 218 and 222,

respectively. The inner bar 220 is further shaped so that
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the main section 228 gives the inner bar an overall length
that is slightly less than the overall length of the bottom
and upper bars 218 and 222, respectively. The main
section 228 is shaped to have a distal end front face 229
that has a curved profile.

[00113] Guide bar assembly 212 is assembled by stacking
the bottom, inner and outer bars 218, 220, and 222,
respectively, together. A common slot 230, oval openings
232 and 234, and opening 231 are formed in the bars 218-222
in a single operation. Slot 230 extends close to the
distal end of the guide bar assembly 212 in which the
distal end of the inner bar 220 that defines front face 229
is located, and terminates in the rectangular opening 231
which is contiguous with slot 230. The abutting edge
surfaces of the bars 218-222 that define slot 230 and
openings 232 and 234 are welded together to secure the bars
together.

[00114] Saw blade 214 and drive rods 216, now described
by reference to Figure 14, are formed from a single piece
of metal such as 420 stainless steel. Saw blade 214
includes an arcuately shaped base 238. Extending forward
from base 238, saw blade 214 in the illustrated embodiment
has an arcuately shaped head 240. It will be appreciated,
however, that the head 240 may have other configurations.
Head 240 is the portion of the saw blade 214 that extends
forward from the guide bar assembly 212 and is the portion
of the saw blade on which the teeth are formed. Head 240,
like previously described saw blade head 166, is larger in
thickness than the proximal located base 238 to which the
head is attached. Saw blade head 240 is of a relatively
large thickness for the same reason saw blade head 166 is

similarly shaped.

34



WO 2006/017066 PCT/US2005/023769

[00115] Drive rods 216 extend proximally rearward from
the opposed side edges of the blade base 238. The portion
of each drive rod 216 that is actually attached to the
blade base 238 is a narrow width finger 242. Extending
proximally ffom the finger 242, each drive rod 216 has a
main section 244 which has a slightly greater width than
finger 242. More particularly, it will be observed that
the fingers 242 are located so that their outer surfaces
are in line with the outer surfaces of the rod main
sections 244. A ring 246 similar in shape and identical in
function to drive rod ring 170 is integrally attached to
the proximal end of each drive rod main section 244.
[00116] Saw blade 214 will have the same general side-to-
side width and thickness as blade 112. The length of the
blade, along a radial line from a proximal end edge of the
bage 238 to the distal point of a tooth will usually be
less than about 1.0 inches and, more particularly, less
than about 0.5 inches.
[00117] The saw blade assembly 210 of this embodiment of
the invention is assembled together by inserting the saw
blade 214 between the bottom and outer bars 218 and 222,
respectively, of the guide bar assembly 212. The saw blade
214 is positioned so that the proximally facing curved end
' 239 of the blade base 238 abuts the similarly curved distal
facing face 229 of the inner bar 220. Drive rods 216
extend in the space between the bottom and outer bars 218
and 222, respectively, adjacent the opposed sides of the
inner bar 220. The proximal ends of the drive rods 216 and
the associated rings 246 extend into the open space of the
guide bar assembly proximal end cutouts as shown in Figure

12.
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[00118] The saw blade assembly 210 of this version of the
invention is fitted to saw 20 and used in the same general
manner as saw blade assembly 22. The proximal end of the
guide bar assembly 212 is seated in groove 46 within saw
head 38. The fasteners used to hold cover 91 to the saw
head 38 extend through openings 232 and 234 to hold the
guide bar assembly 212 to the head 38. Drive rod rings 246
are fitted over pins 85 to comnect the saw blade to the
‘oscillating bar 86.

[00119] A saw 20 with blade assembly 210 of this
invention is used in the same general manner as a saw 20
with blade assembly 22. In this embodiment, the fingers
242 are flexible, such that when drive rods 216 reciprocate
in opposite directions, the curved end 239 of blade base
238 moves in a reciprocating manner over the distal facing
face 229 of the inner bar 220, as indicated by arrow 238’
in Figure 13, which in turn causes side-to-side pivoting
movement of the blade head 240 across the distal end of the
guide bar assembly 110. Thus, flexible fingers 242 allow.
the base 238 and head 240 to pivot relative to the distal
end of the guide bar assembly 212.

[00120] It will be noted that the slot 230 of guide bar
assembly 212 extends further distally along the assembly
than slot 132 of guide bar assembly 110. This may make it
possible to place a capture pin of the cutting guide
designed to be used with guide blade assembly 212 closer to
the bone to be cut than is possible with a cutting

guide 180 designed to be used with guide bar assembly 110.
[00121] @ Figures 15 and 16 illustrate the distal end of én
alternative saw blade assembly 260 of this invention.
Assembly 260 includes a housing 262 that extends forward
from the distal end of the handpiece. Housing 262 has a
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proximal section 264 that is generally cylindrical and that
extends forward from the handpiece. Forward of proximal
section 264, housing 262 has a middle section 266 that is
cylindrical and arranged so as to have a longitudinal axis
that is perpendicular to the longitudinal axis of the
proximal section 264. Forward of middle section 266,
housing 262 has a forward extending planar distal

section 268. Distal section 268, it will be understood, is
longitudinally axially aligned with proximal section 264.
Owing to its planar shape, distal section 268 is understood
to be the guide bar of saw blade assembly 260.

[00122] Housing proximal section 264 is formed with a
longitudinally extending through bore 270 in which a drive
shaft 272 is disposed. Also seen in the drawings are
bearing assemblies 274 that rotatably support the drive
shaft 272 in bore 270. The drive shaft 272 is connected to
a crank 276 that is rotatably mounted in a cyiindrical
space 278 within housing middle section 266. Bearing
assemblies 280 rotatably hold crank 276 in the housing
middle section 266.

[00123] Drive shaft 272 is formed with a head 282 that is
in the form of a bevel gear. The shaft head 282 engages a
complementary bevel gear 284 formed integrally with the
crank 276 so that rotation of the drive shaft 272 results
in like movement of the crank 276.

[00124] Housing distal section 268 is shaped to define a
planar blade space 286 that extends proximally rearward
from the open front end of the housing 262. A saw .
blade 288 is pivotally mounted in blade space 286. The saw
blade 288 consists of a planar, bar-like base 290. A pivot
‘pin 292 integral with the housing distal section extends

through an opening 290A in the proximal end of the blade
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base 290 to pivotally hold the blade 288 to the
housing 262. In the illustrated embodiment, saw blade 288
is further formed to have an arcuately shaped head 294 with
teeth 295, which head 294 is attached to the distal end of
the blade base 288. Head 294 is the only portion of the
blade 288 that is located outside of housing 262 and is
located adjacent the distal front end of the hoﬁsing.
[00125] A pair of push rods 296 connect the sgaw blade 288
to the crank 276. The push rods 296 are located in
parallel spaced apart slots 296A formed in the housing
distal section 268. The distal ends of the push rods 296
are connected to the proximal end of the saw blade base 290
on opposed sides of the pivot pin 292. The distal end of
each push rod 296 is pivotally attached to the adjacent
proximal end of the adjacent blade base 290. The proximal
end of each push rod is connected to the crank 276. The
proximal end of each push rod 296 is connected to a pin
integral with the crank 276 that is axially offset from the
center axis of the crank. Collectively, the pins to which
the push rods 296 are connected are diametrically opposed
to each other relative to the center axis of the crank 276.
[00126] While not illustrated, it should be understood
that the housing distal section 268 of this embodiment of
the invention may be provided with a longitudinally
extending guide slot to facilitate the insertion of the

- cutting guide capture pin.
[00127] Saw and blade assembly 260 of this version of the
invention is used by actuating the saw motor so as to cause
drive shaft 272 to rotate. The rotation of the drive shaft
results in the like rotation of crank 276. The rotation of
the crank causes push rods 296 to reciprocate back-and-

forth. More particularly, owing to how the push rods are
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connected to the crank 276, as one push rod is urged
forward, towards the distal end of the housing, the other
push rod is pulled in the opposite direction. The
reciprocating movement of the push rods 296 causes a like
side-to-side reciprocating or oscillating movement of the
saw blade 288.
[00128] It should be understood that the foregoing is
directed to specific versions of thig invention and that
other versions of this invention may vary from what has
been described.
[00129] For example, in the above description, in order
to remove saw blade 112 from the guide bar assembly 110, it
is necessary to remove the cover 91 from the saw head 38
and wholly remove the saw blade assembly 22 from the saw
~head. Alternatively, it may be possible to simply loosen
the fasteners 93 that hold saw cover 91 to the head 38.
Since the guide bar assembly openings 134 and 136 through
which the fasteners 93 extend are oval in shape, once the
screws are so loosened, one could then push the guide bar
assembly 110 rearwardly. The rearward movement of the
guide bar assembly 110 exposes the proximal end of the saw
blade 112 so the blade can be removed and new blade
connected to the drive rods 114.
[00130] In still another alternative version of the
invention, the guide bar assembly 110 is moveably attached
to the saw head 38 such that the guide bar assembly is able
to slide towards or away from the saw handpiece 24. A
thumb screw or clamp is set to normally hold the guide bar
assembly 110 in the most forward distal position. When it
is desirable to remove and replace the saw blade 112, the
thumb screw/clamp is set to release the clamping force

against the guide bar assembly. Manual force is used to
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push the guide bar assembly 110 towards the handpiece 24.
This displacement of the guide bar assembly 110 exposes the
proximal base 148 of the saw and the distal end heads 172
of the drive rods 114. The exposure of these components
makes it possible to remove the attached saw blade 112 from
the drive rods 114 and attach a replacement blade. The
thumb screw/clamp ig then reset to the position in which it
locks the guide bar assembly 110.

[00131] In these versions of the invention, a spring may
be seated in the head to bear against the guide bar
agsembly 110. The spring would urge the guide bar assembly
to the most distal position. However the thumb screw/clamp
is also provided since when the saw is pressed against the
bone, unless there is a locking mechanism, the whole of the
saw blade assembly 22 would be forced rearwardly.
Alternatively, a single camming mechanism may be provided
to both normally hold the guide bar assembly in the most
forward position and retract the assembly when it is
necessary to change saw blades 112.

[00132] Also, it should likewise be understood that the
disclosed type of motive power used to actuate the saw
blade of this invention is understood to be illustrative,
and not limiting. There is no requirement that all
versions of this invention include handpieces that are
battery powered. The invention can be, if appropriate,
constructed using versions of this invention wherein the
electric powef to supply the motor comes from a power
supply over a corded link. Also, similarly, the invention
is not limited to handpieces that include electric powered
motors. In some versions of the invention, it may be
desirable to provide the handpiece with a pneumatically

driven motor. In these versions of the invention, the
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compressed air used to actuate the motor is supplied to the
handpiece from a hose connected to an air supply.
[00133] Moreover, there is no requirement that a power-
producing motor be provided in each handpiece of the saw of
this invention. It may be desirable to provide a version
of the saw of this invention wherein the motive unit that
generates power is a unit that is separate from and located
proximal to the handpiece. In these versions of the
invention, a flexible drive shaft or a drive cable that
extends between the unit with the motor and the distal
located handpiece from which the guide bar and saw blade
extend may be utilized.
[00134] Likewise, it should be recognized that the
handpiece shape is understood to be merely exemplary. In
an alternative version of the invention, the handpiece may
have an elongated cylindrical shape. This would allow the
surgeon to hold the handpiece .much as he/she would hold a
large marker.
[00135] Alternative means to oscillate the saw blade may
- be employed. For example, there is no requirement that in
all versions of the invention two drive rods/push rods be
-employed. A version of this invention in which a single
drive rod/push rod that reciprocates back-and-forth
oscillates the saw blade may also be possible. The
invention could even be provided with three or more drive
rods that actuate the saw blade.
[00136] Similarly, there is no requirement that in all
versions of the invention, the blade consist of a rigid
member from which teeth extend distally outward. In some
versions of the invention, the saw blade may actually be a
gsection of a flexible band of metal. As seen in Figure 17,

in these versiong of the invention, a band 302 is formed
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with a distal end section 306 from which teeth 308 extend
outwardly. This distal end section 306, it is observed,
includes both an arcuate center portion 309 and two opposed
side portions 310. Extending proximally from the opposed
side portions 310, band 302 has proximal sections 312.
Rings 314 are attached to the proximal ends of the proximal
sections 312. In the depicted version of the invention,
‘the cross-sectional width of the proximal sections 312 is
greater than that of the distal end section 306 though that
may not always be the case.

[00137] In this embodiment, the distal end section 306 of
the band 302 forms the actual saw blade. This band is
wrapped around the guide bar assembly. More particularly,
the front end of the guide bar assembly may be formed with
a forward-facing groove in which the center section of the
band is seated. The more proximal portions of the guide
bar assembly are formed with channels for accommodating the
side sections of the band. Rings 314 at the proximally
located ends of the band 302 connect the band to
oscillating bar 86.

[00138] In this version of the invention it will be noted
that teeth 308 not only project outwardly from the front
cénter section 309 of the saw blade, they also project out
from the side portions 310. Thus, this version of the
invention is useful if one wantg to cut from the side edge
of the guide bar assembly. As shown in dotted lines in
Figure 17, teeth 308A may also be provided on one or both
proximal sections 312 of band 302 which would project
sidewardly through a corresponding opening in the guide bar
assembly.

[00139] Moreover, it should be appreciated that, in

versions of the invention with rigid saw blades, there is
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no requirement that the complementary connecting members
that extend to the reciprocating drive assembly in the
handpiece be rigid drive rods. In some versions of the
invention, flexible drive cables may be employed as the
connecting members.

[00140] Also, there is no requirement that, in all
versions of the invention, the connecting members that
extend from the drive assembly extend internally through
the guide bar to the eétent the described and illustrated
connecting members extend through the guide bar. In some
versions of the invention, the cohnecting members may be
seated in grooves formed in an outer side or edge surface
of the guide bar. The connecting members may also, along a
"substantial length of the guide bar, simply lie adjacent
the guide bar.

[00141] It should similarly be recognized that
alternative mechanisms other than the described ring-over-
pin may be used to connect the saw drive rods to the
oscillating assembly. In some versions of the invention,
the oscillating bar may be formed with slots. The proximal
ends of the drive rods are dimensioned to tightly fit in
the slots. Stops are integrally attached to the drive rods
so as to be located on opposed sides of the section of the
rod seated in the oscillating bar slots. Thus, the
presence of the stops ensures that the oscillations of
drive rods will cause reciprocal motion of the drive bar.
Further, oscillating bar 86 which is pivoted or oscillated
about the axis defined by head drive shaft 50 may be
replaced with a pair of pins or pegs which move linearly
and reciprocate in opposite directions.

[00142] It should likewise be understood that there may

be variations in how the saw of this invention is used with
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the cutting guide. For example, there is no requirement
that in all versions of this invention the cutting guide be
used with a saw blade that oscillates. In some versions
of this invention, it may be desirable to provide a saw
with a blade that is in the form of an endless band. 1In
these versions of the invention, the band may be driven in
a single direction or, alternatively, oscillate. 1In either
version, the band will be mounted to a planar guide bar
assembly similar to one of the above illustrated and
described assemblieg. In these versions of the invention,
the guide bar assembly will have the guide slot previously
described to facilitate the seating of the cutting guide
capture pin 196.

[00143] As discussed above with respect to cutting guide
180’ of Figures 11B and 11C, the capture pin may be
removably attached to the cutting guide and the cutting
guide provided with a number of different means for holding
the capture pin at different points along the guide surface
of the cutting guide. An advantage of this arrangement
allows the point on the guide surface of the cutting guide
at which the guide bar is held to be selectively set.
[00144] For example, as seen by Figure 18, an alternative
capture pin 322 may have a generally spool-like shape. The
capture pin 322 is assembled so that the narrow diameter
center section of the pin slidably fits in the
longitudinally extending slot 132a of a guide bar

assembly 110a. Given the permanent or semi-permanent
mounting of the capture pin 322 to the guide bar

assembly 110a, there may not be a need to form the guide
bar assembly with an opening integral with the slot 132a to
facilitate the seating and removal of the guide pin. Here,

the guide pin 322 has a downwardly directed threaded
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stem 324. In these versions of the invention, the cutting
guide block 182a is formed with a number of spaced apart
threaded bores 326 that extend inwardly from the guide
surface 194a. The bores 326 are each shaped to releasably
hold the capture pin stem 324.

[00145] Alternatively, in these versions of the
invention, a spring-biased ball mounted to either the
capture pin or the cutting guide may be used to releasably
hold the pin to the cutting guide. A toggle clamp
mechanism may also be employed to hold the capture pin to
the cutting guide.

[00146] An advantage of the above-described versions of
the invention is that it would allow the surgeon in a
single operation to attach both the capture pin 322 and the
saw to the cutting guide at the appropriate surface point
along the cutting guide.

[00147] Likewise, the cutting guide may have alternative
constructions from what has been described and illustrated.
At the'simplést, a cutting guide may be formed to have
plural guide surfaces each provided with a capture pin for
restraining and guiding the guide bar during the cutting
process. Alsgo, it should be recognized that the
illustrated version of the invention, wherein the cutting
guide guide surface essentially abuts the bone, is
exemplary, and not 1imiting. In some versions of the
invention, the cutting guide may be shaped so as to have a
guide surface that is spaced from the tissue or bone in
which the cut line defined by the guide surface is to be
formed. This version of the invention may be especially
useful in minimally invasive surgical procedures since it

would minimize the amount of hardware it would necessitate
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placing in close physical proximity to the bone on which
the surgical procedure is to be performed.

[00148] Moreover, while not illustrated, it should be
recognized that it may be desirable to provide the portion
of the cutting guide block that defines the proximal facing
edges of the guide surface with posts. These posts would
be offset from the capture pin. The posts would be
provided if it is desirable to limit the extent to which
the guide bar is able to pivot around the capture pin.
[00149] Some versions of the invention provided with the
posts may be constructed so that the posts are spaced
essentially the width of the guide bar assembly. The posts
would thus essentially stop pivoting of the guide bar
assembly 110 and the saw 112. In these versions of the
invention, the guide bar assembly may be provided with a
small arcuate slot that extends inwardly from the side. A
precise arcuate cut is made by pushing the saw blade
assembly forward until the slot goes into registration with
the post. The guide bar assembly is then pivoted to the
extent the cutting guide post seats in the guide bar side
slot.

[00150] It should likewise be recognized that alternative
means may be provided to hold the cutting guide in a fixed
position relative to the bone to be cut. For example, a
brace assembly may be used to both hold the bone steady and
hold the cutting guide in a fixed position relative to the
bone and also in a position that is away from the bone.
Thus, in this particular version of the invention, since
the cutting guide is spaced away from the bone, it would
reduce the need to make incisions around the bone to

facilitate cutting guide placement. Thus, this particular
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version of the invention would further facilitate cutting
the bone using a minimally invasive surgical procedure.
[00151] Moreover, the saw blades may have shapes and
features different from what has been shown. For example,
gaw blades 112 and 214 are depicted as having heads with
arcuately shaped distally directed faces. This is
exemplary and not limiting. As depicted in Figure 19, it
may be desirable to provide a saw blade 330 with a head 332
that has a distal facing face 334 that is planar in shape
or straight-edged. This version of the saw blade may be
provided when it is desirable to provide a saw blade that
cuts more aggressively than an arcuate blade.

[00152] Saw blade 330 also has a geometric feature to
facilitate the pivoting of the blade that is different from
that previously described. Specifically, saw blade 330 has
a V-shaped pointed tab 334 that extends from the proximally
directed end 335 of the blade. Tab 334 seats in a forward
opening notch 336 formed in a static component 338 integral
with the guide bar assewbly to which the saw blade is
mounted. In Figure 19, the static component 338 represents
a pivot pin of the guide bar assembly.

[00153] .Also, there is no requirement that the geometric
features that a saw blade is provided with be designed to
allow the blade to pivot relative to the associated drive
rods. The proximal end of saw blade 330 is provided with
square shaped openings 340 that are spaced inwardly from
the blade proximal end 335. A small slot 342 extends from
each opening 340 to the adjacent proximal end 340. .
[00154] Saw blade 330 is actuated by drive rods 344. (The
distal end of one drive rod shown.) Each drive rod 344 is
provided with a square shaped head 346. Thus, the rod

heads 346 are dimensioned to fit closely within the
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complementary saw blade openings 340. Extending proximally
from the head 346, each drive rod 340 has a flexible
elongated neck 348. The drive rod necks 348 are the
portions of the drive rods that extend through and
proximally beyond saw blade slots 342. Thus, in versions
of the invention in which drive rods 344 are employed, the
drive rod heads 346 do not move relative to the saw blade.
Instead, the flexibility of the drive rod necks 348 is what
allows the pivoting movement of the saw blade relative to
the proximal portions of the drive rods 344.

[00155] Figure 20 illustrates still another alternative
saw blade 350 of this invention. The distal portions of
saw blade 350 are similar to those of the first-described
saw blade 112. Saw blade 350 is, however, provided with a
tail 352 formed of flexible metal. The distal end of

tail 352 seats in a U-shaped slot 354 that extends forward
from the proximal end of the blade 350. The portions of
the tail proximal to the saw blade 350 seat in a slot 356
formed in a static portion of the guide bar assembly. 1In
Figure 20, slot 356 is formed in a static pivot pin 358 of
the guide bar assesmbly. Tail 352 is thus the component of
the saw blade 350 that connects the blade to the
complementary guide bar assembly.

'[00156] It should be clear that the features of saw
blades 330 and 350 may be individually incorporated into
the other described saw blades of this invention.

[00157] Also, the described and illustrated versions of
the guide bar assembly are of uniform thickness along their
lengths. This should not be understood to be limiting. In
alternative versions of the invention, the guide Bar
assembly may have a thickness that varies along the length.

For example, it may be desirable to construct the guide bar
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assembly so the proximal portion has a thickness greater
than the distal. portion. This construction may be
appropriate in order to reduce the flexibility of the guide
bar assembly.

[00158] Moreover, in the described versions of the
invention, the angular positions of the guide bar
assemblies relative to the handpieces from which the
assemblies extend are fixed. This need not always be the
case. In some versions of the invention, it may be
possible to construct the invention so the angular position
of the guide bar assembly, and therefore of the attached
saw blade, relative to the handpiece is selectively set.
This may be accomplished by providing a version of the
invention in which the handpiece head and the drive
assembly components intermnal to thé head are able to rotate
around the axis of the handpiece drive shaft that actuates
the drive assembly. This would make it possible to éet the
angular orientation relative to the longitudinal axis of
the handpiece of the plane .in which the guide bar is
oriented and in which the saw blade oscillates. Thus, one
guide bar assembly-and-saw blade orientation would be the
illustrated orientation wherein the blade is in a plane
located about the drive shaft axis. By resetting the
orientation of the head, the saw blade could be placed in a
plane that is to the side of the drive shaft axis or even
in a plane below the drive shaft axis.

[00159] An advantage of these versions of the invention
is that it would allow the surgeon to set the position of
the saw blade so that it is in an optimal location to
facilitate the ergonomic use of the saw of this invention.
[00160] Moreover, while it is anticipated that, in many

versions of the invention, the saw blade will project
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forwardly from the distally directed front face of the
guide bar, that may not always be the case. Figure 21
illustrates an alternative saw blade assembly 360 of this
invention. Saw blade assembly 360 includes a guide bar
assembly 362 of which only a single outer bar 364 is shown.
[00161] A saw blade 366 is disposed inside the distal end
of the guide bar assembly 362. Saw blade 366 has an L-
shaped base 368 having proximal end 369 with a longitudinal
axis that is normally parallel to, if not aligned with, the
longitudinal axis of the guide bar assembly 362. Base 368
also includes a front end 370 forward of the proximal end
that has a longitudinal axis perpendicular to the
longitudinal axis of the guide bar assembly. A saw

head 372 with teeth 373 extends forward from the front end
370 of the saw blade base 368.

[o0l62] Collectively, the guide bar assembly 362 and saw
blade 366 are dimensioned and arranged relative to each
other‘so that the saw blade head extends out from a side
edge 375 of the guide bar assembly immediately proximal to
the distally directed front face 372 of the guide bar
assembly.

[00163] A notch 374 extends forward from the proximal
edge of the saw blade base proximal end 369. The saw
blade 366 is mounted to the guide bar assembly 362 by
positioning the blade so a static pivot pin 376 integral
with the guide bar assembly seats in notch 374. Drive

rods 378 attached to the saw blade base 368 on opposed
gsides of the notch 374 connect the saw blade to the drive
assembly integral with the saw. Thus, when the saw of this
invention is actuated, the drive rods 378 cause the saw
blade head to pivot in an arc that is generally parallel to

the longitudinal axis of the guide bar assembly.
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[00164] Saw blade assembly 360 thus provides a version of
thig invention wherein the blade 366 can be pressed against
bone or hard tissue to make a cut that is in a direction
perpendicular to the longitudinal axis of the guide bar
assembly 362. This may be useful where for surgical
reasons it is difficult or undesirable to make a cut
through bone or hard tissue from a head-on direction.
[00165] In the above described version of the invention,
it should be understood that often the pivot pin 376 is
positioned on the guide bar assembly 362 so that when the
saw blade 366 is fitted over the pin, the curved profile of
saw head 372 is generally centered relative to the pin.
[00166] It will be appreciated that the means used to
transfer the rotary motion of the motor shaft to the drive
rods that oscillate the saw blade may be different from
what has been described. Thus, the motor output shaft may
actuate a crank similar to crank 276. Drive rods similar
to drive rods 114 may be attached to the crank. Upon the
actuation of the motor, the reciprocal motion of the drive
rods would then cause the oscillation of the attached saw
blade 112.

[00167] Although a particular preferred embodiment of the
invention has been disclosed in detail for illustrative
purposes, it will be recognized that variations or
modifications of the disclosed apparatus, including the
rearrangement of parts, lie within the scope of the present

invention.
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What ise claimed is:

1. A sagittal saw assembly comprising:

a handpiece having a forwardly directed front face;

an elongate guide bar extending forwardly from the
handpiece front face and terminating at a distally directed
face spaced‘from the handpiece front face;

a saw blade movably attached to said guide bar, said
saw blade having teeth which extend outwardly beyond said
guide bar distally directed face and said saw blade having
a thickness dimension defined transversely to the elongated
direction of said guide bar;

a drive assembly disposed inside said handpiece; and

a connecting member having a first end connected with
said drive assembly such that said drive assembly causes
reciprocating motion of said connecting member, and a
second end connected to said saw blade such that said a
connecting member when reciprocating displaces said saw
blade so that said teeth oscillate back and forth across
said guide bar distally directed face;

wherein said guide bar has a thickness dimension
defined transversely to the elongated direction thereof,
said thickness dimension being no greater than the

thickness dimension of said saw blade.

2. The saw assembly of Claim 1, wherein said
thickness dimension of said guide bar is substantially
constant along a substantial portion of the longitudinal
extent of said guide bar, said substantial portion
originating at said distally directed face and extending
proximally towards said handpiece, said thickness dimension
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of said substantial portion being no greater than the
thickness dimension of said saw blade.

3. The saw assembly of Claim 1, wherein said guide
bar has a width dimension defined transversely to the
elongated direction of said guide bar, said width dimension
being substantially greater than said thickness dimension
to provide said guide bar with a flat, plate-shaped
transverse cross-sectional configuration, and said
thickness dimension of said substantial portion being less

than said thickness dimension of said saw blade.

4. The saw assembly of Claim 1, wherein said
thickness dimension of said guide bar is substantially
constant along the entire longitudinal extent of said guide
bar as defined between the handpiece front face and the
guide bar distally-directed face to permit extension of
said guide bar into a cut created by said saw blade in the

bone of a patient.

5. The saw assembly of Claim 1, wherein said guide
bar includes a pair of flat, plate-shaped bars disposed in
spaced apart and opposed relation with one another, and a
pivot pin extending between said bars, said bars having
respective terminal ends which together define the guide
bar distally-directed face, said saw blade including a base
disposed between said bars to pivot about said pivot pin,
and a head extending forwardly of said base beyond the
guide bar distally-directed face, said head defining

thereon said teeth.
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6. The saw assembly of Claim 1, wherein said saw
blade includes a base pivotably mounted within said guide
~bar so as to pivot about a pivot point defined on said
base, and a head that projects forwardly of said base
beyond the guide bar distally-directed face, said head

defining thereon said teeth.

7. The saw assembly of Claim 6, wherein a pair of
said connecting members are connected between said drive
assembly and said saw blade, said connecting members
extending from respective opposite sides of said saw blade
on opposite sides of said pivot point to said drive
assembly, said drive assembly being configured to
simultaneously reciprocate said connecting members in

opposite directions from one another.

8. The saw assembly of Claim 1, wherein said drive

assembly includes a motor disposed in said handpiece.

9. The saw assembly of Claim 1, wherein said guide
bar includes a pair of elongate, flat, and plate-shaped
outer bars disposed in opposed and spaced-apart relation
with one another, and a pair of said connécting members are
sandwiched between said outer bars, said connecting members
being elongate, flat and plate-shaped, said saw blade being
disposed to pivot relative to said guide bar about a pivot
point, and said second ends of said connecting members are
secured to said saw blade on respective opposite sides of

said pivot point.

10. The saw assembly of Claim 9, wherein said drive

assembly tensions the respective connecting members in an
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alternating manner such that each said connecting member
exerts a pulling force on the respective side of said saw
blade to cause said saw blade to pivot about said pivot

point.

11. The saw assembly of Claim 1, wherein said guide
bar includes a pair of elongate and flat outer bars, and an
elongate and flat inner bar disposed between said outer
bars, each of said bars having a distal end, said distal
end of said inner bar being recessed proximally relative to
said distal ends of said outer bars so as to define a
receiving space between the distai ends of said outer bars
which opens forwardly, said distal ends of said outer bars
together defining the guide bar distally-directed face,
said saw blade including a base which is seated within and
pivots within said receiving space relative to said guide
bar, and a head which projects forwardly from the guide bar
distally-directed face, said head defining thereon said
teeth.

12. The saw assembly of Claim 1, wherein said
connecting member and said saw blade comprise a monolithic,

one-piece component.

13. The saw assembly of Claim 1, wherein said saw
blade is disposed to pivot relative to said guide bar about
a pivot point, and a pair of said connecting members extend
between said saw blade and said drive assembly, each said
connecting member comprising a rigid rod, said second ends
of said connecting members being secured to said saw blade
on respective opposite sides of said pivot point, and said

drive assembly advances the respective connecting members
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in an alternating manner such that each said connecting
member exerts a pushing force on the respective side of
said saw blade to cause said saw blade to pivot about said

pivot point.

14. The saw of Claim 13, wherein said drive assembly
includes a crank defining a rotational axis, a drive shaft
disposed in driving engagement with said crank to rotate
same about the rotational axis, and said first ends of said
connecting members are connected to said crank in a manner
which is offset from the rotational axis thereof to permit
reciprocation of the respective connecting members in

opposite directions from one another.

15. The saw of Claim 1, wherein said thickness of
said guide bar is equal to or less than said thickness of

said saw blade.

16. The saw of Claim 1, wherein said saw blade
includes a base disposed within a distal end of said guide
bar, and a head that extends forward from said base and is
disposed outside of said distal end of said guide bar, said

head defining said teeth thereon.
17. The saw assembly of Claim 1, wherein said guide
bar defines therein an elongated and longitudinally

extending slot for cooperation with a cutting guide.

18. A sagittal saw assembly comprising:

a handpiece having a forwardly directed front face;
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an elongate guide bar assembly extending forwardly
from said handpiece front face and including a distal’
section spaced from the handpiece front face;

a saw blade mounted on said guide bar distal section
and having teeth which extend outwardly beyond said guide
bar distal section, said saw blade being pivotable about a
pivot point defined at said guide bar distal section and
having a thickness dimension defined transversely to the
elongated direction of said guide bar; and

a drive assembly drivingly connected to said saw blade
through a reciprocating drive element to cause pivoting
motion of said saw blade about said pivot point at said
guide bar distal section;

said guide bar having a thickness dimension defined
transversely to the elongated direction thereof and
immediately adjacent said saw blade, said thickness
dimension of said guide bar being no greater than said

thickness dimension of said saw blade.

19. The saw assembly of Claim 18, wherein said
thickness dimension is substantially constant along a

substantial portion of said guide bar.

20. The saw agssembly of Claim 18, wherein the guide
bar distal section defines a distally directed face
thereon, and said teeth of said saw blade extend forwardly

of and beyond said guide bar distally directed face.

21. The saw assembly of Claim 18, wherein the guide
bar distal section defines a distally directed face thereon
and a pair of generally parallel and laterally-spaced side

edges which extend proximally from respective opposite ends
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of said distally directed face, said saw blade being shaped
such that said teeth thereof project beyond one of said

side edges of said guide bar.

22. The saw assembly of Claim 18, wherein a pair of
said drive elements are connected between said drive
assembly and said saw blade, said drive elements extending
proximally from opposite sides of said. saw blade, said
drive assembly being configured to simultaneously
recibrocate said drive elements in opposite directions of

movement.

23. The saw assembly of Claim 22, wherein said drive
assembly tensions the respective drive elements in an
alternating manner such that each said drive element exerts
a pulling force on the respective side of said saw blade to

cause said saw blade to pivot about said pivot point.

24. The saw assembly of Claim 18, wherein the guide
bar distal section defines a distally-directed face
thereon, said guide bar includes a pair of flat, plate-
shaped bars disposed in spaced apart and opposed relation
with one another, and a pivot pin extending. between said
bars and defining said pivot point, said bars having
respective terminal ends which together define the guide
bar distally—directedwface, said saw blade including a base
disposed between said bars to pivot about said pivot pin
and a head extending forwardly of said base beyond the
guide bar distally-directed face, said head defining

thereon said teeth.
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25. The saw assembly of Claim 18 wherein said driving
element and said saw blade comprise a monolithic, one-piece

component.

26. The saw assembly of Claim 18, wherein a pair of
said driving elements extend between said saw blade and
said drive assembly, each said driving element comprising a
rigid rod, first ends of said driving elements being
secured to said saw blade on respective opposite sides of
said pivot point, and said drive assembly forwardly
advances the respective driving elements in an alternating
manner such that each said driving element exerts a pushing
force on the respective side of said saw blade to cause

said saw blade to pivot about said pivot point.

27. The saw assembly of Claim 18, wherein said saw
blade includes a base disposed in said distal section of
said guide bar and which is pivotable relative to said
guide bar, a pair of said drive elements are connected
between said drive assembly and said saw blade, said drive
elements extending proximally from respective opposite
sides of said saw blade, said drive assembly being
configured to simultaneously reciprocate said drive
elements in opposite directions of movement, said drive
elements having respective distal ends which are flexibly
connected to said base of said saw blade such that upon
actuation of said drive assembly, said base moves across
and oscillates relative to an edge surface of said guide

bar disposed at said distal section thereof.

28. A sagittal saw comprising:

a handpiece defining a distally-directed end thereon;

‘59



WO 2006/017066 PCT/US2005/023769

a guide bar extending forwardly from said distally-
directed end of said handpiece and having a distal section
spaced from said distally-directed end;

a pair of connecting members, each said comnecting
member having respective proximal and distal ends;

a drive assembly disposed in said guide bar and being
drivingly engaged with proximal ends of said connecting
members so as to reciprocate said connecting wmembers in
opposite directions from one another; and

a saw blade mounted to said distal section of said
guide bar for movement relative thereto, said blade
defining teeth thereon which extend beyond a terminal outer
edge of said guide bar defined on said distal section
thereof, and said connecting members being conngcted to
opposite sides of said saw blade such that reciprocation of
said connecting members results in oscillating movement of

said saw blade.

29. The saw assembly of Claim 28, wherein said saw
blade is disposed to pivot relative to said guide bar about
a pivot point, and said connecting members extend between
said saw blade and said drive assembly, each said
connecting member comprising a rigid rod, said distal ends
.of said connecting members being engaged with said saw
blade on respective opposite sides of said pivot point, and
said drive assembly causes forward advancement of the
respective connecting members in an alternating manner such
that each said connecting member exerts a pushing force on
the respective side of said saw blade to cause said saw

blade to pivot about said pivot point.
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30. The saw of Claim 29, wherein said drive assembly
includes a crank defining a rotational‘axis, a drive shaft
disposed in driving engagement with said crank to rotate
gsame about the rotational axis, and said proximal ends of
said connecting members are connected to said crank offset
from the rotational axis thereof to permit reciprocation of
the respective connecting members in opposite directions

from one another.

31. A combination saw and cutting guide for cutting
bone, said combination comprising:
a saw, said saw comprising:

a handpiece having a front end;

a drive assembly;

a guide bar extending forwardly from said front
end of said handpiece and including a distal section
spaced from said front end;

a saw blade mounted on said guide bar for
movement relative thereto, said saw blade defining
teeth thereon which extend outwardly beyond an edge of
said distal section of said guide bar, said saw blade
being connected to said drive assembly such that
actuation of said drive éssembly causes movement of
said saw blade relative to said edge of said guide
bar; and
a cutting guide, said cutting guide comprising:

a body defining a guide surface thereon for
positioning in a plane which intersects the bone to be
cut;

a capture element which projects outwardly from
said guide surface, said guide bar being connected to

said capture element such that said capture element
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permits said guide bar to move and pivot relative to
said guide surface but maintains said guide bar in a
desired cutting plane as determined by said guide

surface.

32. The combination of Claim 31, wherein said guide
bar defines therein an elongated, longitudinally extending

slot through which said capture element extends.

33. The combination of Claim 31, wherein said body
includes a fastening arrangement for holding said guide in

a fixed position relative to the bone to be cut.

34. The combination of Claim 31, wherein said capture
element defines an enlarged head positioned above said slot
of said guide bar, said guide bar defining an opening
therein which communicates with said slot, said opening
being dimensioned to permit said head of said capture
element to pass therethrough when mounting said guide bar

to said cutting guide.

35. The combination of Claim 31, wherein said saw
blade is defined by a plate which is pivotably attached to
said guide bar, said saw blade being connected to said
drive assembly such that, upon actuation of said drive
assembly, said saw blade oscillates back-and-forth across

said edge of said guide bar.

36. The combination of Claim 31, wherein said saw
blade is defined by a band which is at least partially
wrapped around said distal section of said guide bar, a

portion of said band defining said teeth thereon, said band
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being connected to said drive assembly, such that, upon
actuation of said drive assembly, said band moves across

and oscillates relative to said edge of said guide bar.

37. The combination of Claim 31, wherein said cutting
guide defines therein an elongate groove, and said capture
element is slidably engaged within said groove such that
said capture element is movable across and relative to said

guide surface by said guide bar during cutting by said saw.

38. The combination of Claim 37, wherein said groove

opens through said guide surface.

39. The combination of Claim 32, wherein said capture
element and said cutting guide are provided with _
complementary coupling means for removably attaching said
capture element to said cutting guide, said cutting guide
including a plurality of spaced-apart coupling means such
that said capture element is selectively attachable to said

guide surface at a plurality of locations.

40. A saw blade comprising:

a base defining a longitudinal axis and spaced-apart
proximal and distal ends, said base defining a first
attachment area at said proximal end thereof, said first
attachment area being substantially centered on thg
longitudinal axis for permitting pivotal attachment of said
base to a static member, and a second attachment area at
said proximal end thereof, said second attachment area
being disposed sidewardly of the longitudinal axis and

being configured to permit removable attachment of a
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driving element for actuating said blade through exertion
of a pulling force on said blade to pivot same; and

a head integral with said base and extending forwardly
from said distal end thereof, said head defining teeth

thereon.

41. The saw blade of Claim 40, wherein said first
attachment area comprises an opening substantially centered
on the longitudinal axis which projects inwardly from said

proximal end.

42. The saw blade of Claim 41, wherein said base
includes a pair of said second attachment areas disposed on
opposite sides of said opening, said second attachment
areas respectively comprising notches which project
inwardly from said proximal end and are shaped to receive a

driving element.

43. A saw blade comprising:

a base having spaced-apart sides and a proximal end
extending between said éides;

a head extending forwardly from said proximal end of
said base and defining teeth thereon; and

a pair of drive elements each extending away from the
respective sides of said base, said drive elements having
respective distal ends which are flexibly attached to said
base adjacent the respective sides thereof, and proximal
ends configured for engagement with a drive assembly of a
gaw, said drive elements, said base and said head

comprising a monolithic, one-piece component.
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44. The saw blade of Claim 43, wherein each said
drive element defines thereon a finger having a cross-
sectional width, said finger being flexibly connected to
said base at the corresponding side thereof, a main section
extending distally from said finger and having a cross-
sectional wid%h, the cross-sectional width of said main
section being greater than the cross-sectional width of the

respective finger to allow flexing of said finger.

45. A cutting guide for use in a surgical procedure,
said cutting guide comprising:

a body defining at least one guide surface for
positioning in a plane which intersects a selected bone;
and

a capture element mounted to said body so as to extend
outwardly from said guide surface in cantilevered relation
thereto, said capture element being dimensioned so as to
slidably connect a saw guide bar to said body so that the
guide bar can move and pivot relative to said body but is
restrained within a desired cutting plane as determined by

said guide surface.

46. The cutting guide of Claim 45, wherein said
capture element is pin-shaped, and is defined by a stem and
a head disposed at an outer terminal end of said stem, said

head being enlarged relative to said stem.

47. The cutting guide of Claim 45, wherein the body
defines therein an elongate channel which opens upwardly
through said guide surface, and said capture element is

slidably movable within said channel to allow said capture
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element to be moved across and relative to said guide

surface by the guide bar during cutting.

48. The cutting guide of Claim 45, wherein said body
and said capture element include complementary coupling
members for removably attaching said capture element to
said body, and said body includeg a plurality of spaced-

~apart coupling members to permit removable attachment of
said capture element at different positions along said

guide surface.

49. The cutting guide of Claim 48, wherein said
capture element is defined by a stem and inner and outer
heads which are enlarged relative to said stem and are
attached thereto at respective opposite ends thereof, said
stem and said inner and outer heads together defining a pin
having a spool-shape, said inner and outer heads defining

therebetween a space for receiving the guide bar.

50. The cutting guide of Claim 49, wherein said
couplihg member of said capturé element comprises a
threaded rod which projects outwardly from said inner head,
said coupling members of said body each comprising a
threaded opening projecting into said block and configured

for receiving said rod of said capture element.

51. The cutting guide of Claim 50, wherein said

threaded openings open‘through said guide surface.

52. The cutting guide of Claim 45, further including
a fastening arrangement for holding said body in a fixed

position relative to a selected body tissue.
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53. A method of forming a surgical cut in bone, said
method comprising the steps of:

providing a cutting guide including an outer surface
defining a guide surface;

providing a saw including a guide bar having a distal
end to which a saw blade is movably attached;

positioning the cutting guide adjacent the bone to be
cut so that the guide surface is located within a plane
parallel and immediately adjacent to a desired cut plane
through the bone;

mounting the saw to the cutting guide such that: the
guide bar is movably connected to the cutting guide; the
saw blade is located within the desired cut plane; and the
guide bar is able to move over the guide surface but is
constrained by the cutting guide for movement within the
desired cut plane; and

actuating the saw to move the saw blade and pressing
the saw blade against the bone so thatAthe bone is cut

along the desired cut plane.

54. The method of Claim 53, wherein the cutting guide
includes a capture element which projects outwardly from
the guide surface and through an elongated slot defined in
the guide bar, said step of wmounting including holding the
guide bar to the guide surface with the capture element so
that the guide bar is able to move and pivot relative to
the guide surface but is constrained within the desired cut

plane.
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55. The method of Claim 54, wherein said step of
actuating includes moving the saw blade in an oscillating

manner.

68



1/20




PCT/US2005/023769

WO 2006/017066

2/20

¢ "9l

ol



PCT/US2005/023769

3/20

WO 2006/017066

4777

NN
N _' NV

L V oj §N
g TR % ¢ "Dl

A \\



WO 2006/017066

PCT/US2005/023769

4/20
FIG. b
72
75 /
76 28
76
73
74 78

75

FIG. 6



WO 2006/017066 PCT/US2005/023769

5/20

/Q{HZ

110

2B

N\ 133

\—-132

134

114 0 114

136

j \ \ 112
118 116 162

FIG. 7A




PCT/US2005/023769

WO 2006/017066

6/20




WO 2006/017066

PCT/US2005/023769
7/20
/ 168
166
164
112
164 v
162
148 158

Z150 {152k15i56
FIG.9



WO 2006/017066 PCT/US2005/023769

8/20

FIG. 10

-~ = -

———————




PCT/US2005/023769

WO 2006/017066

9/20

Gel



WO 2006/017066 PCT/US2005/023769

10/20

197
196

110-=~<_

,:3_\\; N 194
195B § o8
NN/

YA Y

1956

195C 199

FIG. 1T1A



WO 2006/017066 PCT/US2005/023769

11/20

FIG. 11B

190'/ \ 181

FIG. 11C



WO 2006/017066 PCT/US2005/023769

12/20

214
240

\ 222

\ 20

230
/‘

234

FIG. 12



PCT/US2005/023769

WO 2006/017066

13/20

240

2 -
o
N
/ ©
®©

2

/216

N

* /////////////7/////// DA ////%

Y /////

55

229 ]

\ \

228

226

22
224

FIG. 13



WO 2006/017066 PCT/US2005/023769

14/20

246/ O @\246



PCT/US2005/023769

WO 2006/017066

15/20

08¢

#hww ._whN/wNN
N e

zLZ % & ~
EV\\\VV\\\\\\\\\\\VM i 222
\ A
oom\ 9z . gmwv cée

99¢ 897

Gl "Old

N@N
#mN
G - =
0.2
O®N




WO 2006/017066 PCT/US2005/023769

16/20
308
309 ﬂ—\ - 306
310 A\ 302

314 —___|L
9 @\314

FIG. 17



WO 2006/017066 PCT/US2005/023769

17/20

322‘\ 132a 110a
— w/ v

C wos Y
f® \\\\\\\ H \\\\ ®\114
114 //////// ////////_\116

11

a
326 %324 326

182a

FIG. 18



WO 2006/017066 PCT/US2005/023769

18/20
334
332
//, 330
340
346 349
335 334
348 r\\\“336
338
344

FIG. 19



WO 2006/017066 PCT/US2005/023769

19/20

166a
164a 350
164a /
354
148a 158a
% %\- 358
356 /u

FIG. 20



WO 2006/017066

PCT/US2005/023769

20/20

362N 369 368 366
il g

374 “-376

—]

\____/

378 Y,
W\ 479
375 373

FIG. 21

378
364




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

