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BACKGROUND

1. Field

The following writing relates generally to
‘ instrumentalifies for cutting bone during surgery. More
particularly, the instant writing is.direbted to a'saw blade
adapted to be operatively céupled to an oscillatory (or
sagittal) SupéiCal power tool which reciprocates the cutting
‘blaée back and ‘f;arth about a small arc. In the preferred
embodiment, ﬁhe.surgical saw blade may have a distal end having
at least one pair of teeth configured to be adjacent to each
other and each of the pair of teeﬁh is cdﬁfiguréd as a right

triangie eaéh-haviﬂg a hypotenuse which is"priented at least one
of towards and away from thé.centxally positioned long‘axis; in
short, this writing discloses & surgical saw blade having at
least one pair of opposed teeth shaped as right triangles.

i2.‘ Description of the Prior Art

One of the most vexing problems that surgeons face when

.using surgical‘bdne saws is the tendency of the saw to "kick"
i.e., become caught upog the bongibeing cut by the point of the
saw téoth. Amother form of kicking occurs where the kerf has

the same contour as the blade whiéh is due to the.fact that the
cutting surface (i.e., teeth) lies on the same.fadius as the
radius of tool rptation. in this scenario, 'all teeth grab

nearly at the same time. This causes the saw apparatus to
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rotate about that_point, tfansmitting a rotational force back
through the saw and to the surgeon. This kicking or grabbing
that occurs causes a loss of accuracy in the cut from the
sudden, unpredictable ﬁovements of the saw and indﬁces increased
fatigue of the surgéon because of the gré?ter tension that the
surgeon must méintain in his ﬁandé and arms in anticipation of
receiving this kicking oz grabbing-motion.

Aﬁother problem noﬁed in existing blades involves the
tendency of the saw to initially wander rather than to form a
kerf. One reason for this inveolves the néture of osciilatory
cutter blades. The handle porgion of the saw remains stable
because it is inAthe surgeon's control and remote from the
cutting. However a blade (Having a proximal end mounted into
the oscillatory power tool) moves at a distal end that scribes
an arc of.a circle. Most surgical“cutting saw blades ﬁave teeth
onithe distal extremity which are also oriented-in an arc of |
constant radius. Esp‘ecially_when that arc has a geometrical’
center which dgiﬁcides with the center of oscillatory m&tion;
‘the ﬁone'to bé'penetrated is normaily initially“addressed by
‘oﬁly‘oﬁe active cutting tooth in £he series of teeth that
resides on t;e arc, and as the blade completes its outward

motion mahy teeth come into contact simultaneously. With
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several teeth contacting the bone, there is a greater tendency
of the saw blade to kick and ‘wander. The effect is even more
pronounced when the. blade teeth's center of arc is between the
oscillatory center of the power tool andlﬁhe blade's distal end.

Another problem involvesvthe non—aggress;ve nature of ﬁrior
art blades. Even when more than one tooth contacts the bone, it
is primarily due ‘to the ﬁanipulation of the blade by the
surgeon. The effect is that adjacent teeth do not effect
progressive cutting and therefore make binding and kick back
more likely.

.Moreover, once the kerf his formed, several other problems
attend the,. cutting process. Fér one thing, subétantially all
the saw's teeth traverse aldng thg entiré extent, of the kerf.
This decreases the.aggressivenesstof the cutting action -as fhe
cutting action is an‘abrading:one rather than c¢hipping. The
teeth reside within the kerf for a longer period of time and
tend to natﬁrq%ly generate more héat than had they been allowed
outside the ké;f: In addition, not having the teeth exit the -
working surface periodically tendé.to leave thg chips of Pone
that have been abréded by the teeth to remain between the teeth;
Lack of effiéient chip removal is recognized as one cause of

excessive heat generation. In surgical situations, such
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unwanted heat géneratiOn»is undesirable because of thermal
necrosis which damages bone structure adjacent to the cut.

The followiné documents reflect the state of the art of
which applicants are aware and are tendered herewith to
discharge the app;icants'~acknowledged duty to disclose relevant
prior art of which they are aﬁare. Howgver, it is respectfuliy
stipulated'that none of these'prior art teachings anticipate
when considered-singly or render obvious when considered in any
conceivable combinaﬁion the nexus of the instant inveﬁtion as

particularly detailed hereinafter.

INVENTOR PATENT NO. ISSUE DATE
Carroll. 2,455,655 1948
Tuke 3,905,105 1975
Winter 3,905,374 1975
Bent 3,943,934 1976
Mongeon 4,386,609 1983
Arnegger 4,513,742 1985

Arnegger

4,584,999

1986°
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CATALOG TITLE
Micro-Aire®™Catalog "Accessories - Orthopedic Power

Instrument System"
Stryker” Surgical Catalog "Cutting Accessories Guide"

Hall Surgical Catalog "Hall Quality Saw Blades for
Stryker and 3M"

None §f the prior art explicitly recognizes the value in
having the teeth on an oscillatory cutter placed substantially
on a tangent which is ﬁerpéndicular to a radial line extending
from the centér of the power tools cufting»éxis that bisects the
‘arc of travel within which the blade travels.

-BRIEF SUMMARY

The ingtant invention is distinguished over the known prior
art in a multiplicity of ways.

In its essence, the blade of the instant invention takes
into CQnsiderafion the natural tendencies at play when a surgeon
is cutting a bone with an oéciilatory saw. In general, the
natufal tendency ié'tb‘make a plunge type cut, i.e., move the
tool and blade in a single direction, plunging the saw in the
bonetfor cutting. fhe direction of force imposed by the suxgeon
is intuitively coaxial with the long axis of the saw and blade.

When viewed in this light, it should be clear that prior art
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cutting blades having curved cutting heads will cause the tip of
the tooth to either wander or kick. .The instant invention,
however, addresses the bone to be cut in a manner which reduces
fatigue by the surgeon and &ibration or impulses generated
during the cutting process.

More. specifically, when a tooﬁh.profile parallels tangents
to the arc-of travel bf the oscillatory cutter, the bone to Se
cut sees approximately one tooth at a time When the surgeon is
making a plunge into thg bone. Actually, the contact starts at
the center and moves outwards. In this wéy, there is less
pulsed vibration, there is a lower tendeﬁéy of the saw to kick
by .having one tooth engage the bone and rotating thereabqu£, and
_there is better bone chip eﬁécuat;on which reduces the‘operating
temperature of the saw adjacent the cut.

One attribute of the insﬁant invention is that each wofking
tooth progressively cuts more material than the previous wo#king
tooth s0'that'gollectively,iall teeth contacting. the bone to be
cut make progressive<contributioné.

Thréeitypes_ofisaw blades illustrative'of theée phenomena
are disclosedrin the instant application. Ong blade includes a
series of cutting'tips all oriented in a linear plane and the

teeth which support these tips all have the gereral
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configurationuof isosceles triangles.

A second form of cutting tool is disclosed in which the
tiﬁé of all of the teeth are also substantially in a horizéntal
plane, but the teeth which suppoft these tips;have a different
contour from the first version. A central-most tooth may be in‘
the form of an isosceles triangle.aé'in fhe first~i£venﬁion
form, but the rema}ning teeth disposed outboard the central
isosceles tooth are all substantially right' triangles iﬁ which
the vertical leg of the right triangle isioriented adjacent the
central isoéceles tooth and the hypotenus§<portion is outboard
from the central*isoscelés-tootﬁ. This péovides a positive
rake, and the moét aggressive cut as the blade cuts
progressively from the inside out.

A third form of cutfing blade is shown in which the right
friangles of the second version have been oriented 180° so that
the hypotenuse of ;ach cutting tooth faces the éenter of the
cutting blade.’® In practice; the "right" triangles may be "near"
right triangleg with the included angle greater than -90 for an
-aégressive,cut. The cutting occurs on the tip of the hypotenuse.
Also, theré’}g a central isosceles void provided where there had
been the central tooth of the second inven£ion form.

In an alternative, the cutting bladevmay have a distal end
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having at least one pair of teeth having tips configured to be
adjacent to each other and positioned one on each éide of the
elongated central axis 6f.the blade. Each of’£he pair of teeth
is configured as a right triangle each having a hypotenuse which
is oriented at least one of towards and away from thé centrally
positioned long axis.

Accordingly, it is the primary attempt. with the present
invention to provide a novel and useful cutting saw blade fqr
use in surgery.

A further attempt with the present invqhtion is to provide a
device as characterized above which minimizes the degree of heat
buildup associated with the surgical cutting to reduce the
£hermal necrosis that attends cutting bone.

A further attempt witp‘the present invention is to provide &
device as characterized above which minimizes the backlash .and
kick that the surgeon experiences when using traditional blades.

A further attempt with thé present invention is to provide a .
device as characterized above thch can be reiatively
A economically.maﬁufacturéd, lends itself to mass production
techniques and is gxtremely durable in construction.

A fur£her attempt with the present invention is to provide a

device as characterized above which cuts aggressively and has a
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tendency to initially form a kerf, and self ‘centers itself and
cuts through the bone quickly within which the blade will
reside.

A further attempt with the present invention is to provide a
surgical saw blade ha#ing a centrally positioned long axis, a -
proximal end configured to couple to a surgical bone saw and a
distal end having at least one pair of teeth having tips for -
éutting bone which are configured to}be adjacent to each other
and wherein one of the pair of teeth is cqnfigured as a righ£
triangle with a hypotenuse which is orienﬁed,at least one of
towards and away from the céntpglly positioned long axis ‘and the
other of the pair of teeth configured as a right ﬁriangle with a
hypotenuse which is oriented in a‘direcfion opposite to the
hypotenuse of the one of the paierf teeth.

A further attempt with the present invention is to provide a
surgical saw blade having at least one péir of teeth having tips
for cutting boge which are donfigured to be adjacent to each
other and wherein the distal end has extending.from each of the
"pair of teeth at least one additional tooth haviné a tip for
cutting bone which' is substantially identically‘shaped as a
right triangle including a hypotenuse and'an angle opposite the

hypotenuse with a hypotenuse which is orierted in the same

10
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direction as the hypotenuse of the adjabent tooth defining the
pair of teeth anq wherein the tips of all of the'feeth are.
arrayed substantiaily on a tangéntlperpendiéular to the
centrally positioned léng axis.

A further attempt with the present invention is to provide a
surgical saw biadg having between at least two additional teeth
having tips and up to five additional teethfhaving tips for
cutting bone all of which are‘sﬁbstantially ideﬁtically shaped
as a.right triangle including a hypotenuég and &n angle opposite
the hYpotenﬁse with a hypotgnuse which is;oriented in the same
direction as the hypotenuse of the adjaceﬂt t6oth qefining the
pair of teeth and wherein the tips of all of the teeth are
‘arrayed,subsfantially on a Eangent perpendicular to the
dentrally positioned long éxis.

Viewed frém one vantage point, it is an attempt with the
present invention to provide a surgical cﬁtting saw blaae ror
penetrating bdneAwhen the biade is operatively coupled to an
oscillatory poder tool. The saw blade has a proximal end and a
" distal end. The proximal énd has means:for attachmeﬁt to the
‘oscillatofy pqwer.tool for dri&ing engagemgpg thereby. The
distal end h;s a'pluralify of cutting teeth oriented such that,

initially, the outboard teeth contact the bone to be cut to

11
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thereby provide better tracking of the‘saw when forming a kerf
in the bone, and the teeth then cut sequentialiy as the kerf
begins to form to provide faster, aggressive cutting and lbwer
temperature cutting throughAefficient chip remo&al.

These and other features will be made maﬁifest when
considering the‘following detailed specification when taken in
conjunction with the appendgd'figuresf

| BRIEF DESCﬁ;PTION OF THE DRAWING

Figure 1 is a top plan view of the apparatus according to
one embodiment of the present inventipn; |

Figuré 2 is a.top plan view of a second embodiment similar
to Figure 1;

Figure 3 is a detail of the distal end of the embodiment
shown in Figure 2;

Figure 4 shows the distal end of a third embodiment;

Figure 5A diagrammatically shows ﬁhe blade of tﬁe present
invention posed to begiﬁ a éut;

Figure 5B shows the Figure 5A blade having progréssed
pértially through a cut;

Figures 6A.and 6B parallel Figures 5A and 5B respectively

but show prior art;

12
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Figure 7 is a top plan view of another‘embodiment.of the
present invention wherein the saw blade has a tooth structure
comprising a center tooth defining a “whale shaped” tooth foﬁmed
of two opposing right triangles having tips and located to have
the axially ektendiné centerline of the saw blade passing
therethrough followed on each side thereof with five identically -
shaped teeth having tips formed of a right triangle having tips
and locateﬁ to have the hypotendse thereof extending athleast
one of towards and away from the center line;

Figure 8 is a top plan view sf yet another embodiment of
the present inventisn wherein Ehe saw blade has a tooth
structure comprising a center tooth defining a “whale shaped”
tooth formed of two opposing right triangles having tips and
located to hqve the axislly extending centerline of the saw
blade passing therethrough followea bn eéch side thereof with
four identically shaped teeth having tips formed of a right
triangle having the hypotenﬁse thereof extsnding at least one of
towsrds and away from the.centerline;

Figure 9 is a top plsn view of still yet another embodiment
of the present invention wherein the distal end of the saw blade
has a tooth structure comprising a center tooth defining a

“whale shaped” tooth formed of two opposingzright triangles

13
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having tips and located to have the axiélly extending centerline
~of the saw blade passing therethroﬁgh followed on each‘side
thereof with two identically shaped teeth formed ésf a fight
triangle having the hypotenuse thereof extendihg af least one of
towards and away from the cénterline and the.proximal.end of the
saw blade has a hub structure configured for being driven by a
dri%ing member having driving pins; and

Figure 10 is a top plén vieﬁ of yet still another
embodiment of the present invention wherein the distal end of
the saw blade has a tooth structure comprising a center tooth
defiriing a “whale shaped” tooth formed offtwo oppoéing.right
triangles having the'axially extending centerline'of the saw
blade passing fhereﬁhrough.followéd on each side thereof with
two idegtically shaped teeth formed of a ri'ght' triangle having
the hypotenuse thereof extending at leasf one of towards and
away from the centerline and the proximal end of the saw blade
has a hub strugture'configufed for béiné driven by a driving
member having a single driving pin.

DETAILED -DESCRIPTION OF THE INVENTION

Referring now to the figures, wherein like reference

numerals denote to like parts. throughout the various figures,

reference numeral 10 is directed to the straight saw blade

14
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according to one form of the invention, referénce numeral 30 is
directed to the reverse opposed blade according to the second
form of the invention and reference numeral 40 is directed to

the outwardly opposed blade according to a third form of the

invention.

The straight saw blade 10 of Figure 1 and according to the
present invention iﬁcludes a distal end 8 upon which a plurality
of teeth 2. are positioned and a proximal end 12 which is adapted
to coact with and attach to an oscillatory (or sagittal)
surgical power tool (not shown).

‘More specifically, the proximal end 12 has a somewhat
bulbous terminus 22 that includes a slot 14 running along the
long -axis A of ﬁhe saw blade 10. In addition, a plurality of
holés Ié‘circumscribe portions of the slot adjacent the bulbous
terminus 22 to further fécilitate'interconnection between the
saw Blade 10 and the oscillatory power tool.

The blade:10 includes a shank 18 interposed between fhe
‘proximal end 12 and the distal enq 8. In general, the shank 18
. is formed from substantially flat stoc¢k material having side
edges 20a whieh, as shown in Figure 1, are tapering so that the
blade narrows as it goes from the distal end 8 to the proximal

end 12.

15
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The distal end 8 of the blade 10 includes; coincident with
the long axis A of the blade 10, a diamond shaped cutout 24
ha%ing radiused apices at the corners of thé diamond. The
diamond shaped cutout is oriented such that two of the four
radiused apices are coincident with the long axis A of the shank
18. 1In addition to providing a lighter.blade, the diamond
shaped orientation ten§s4to agsisgt in tooth.prﬁfiling during
Afabrication.

As mentioned, the distal end 8 of the saw blgde 10 includes
a plurality of teeth 2 disposed:on thé diétal end of the blade
io\;emote from the slof 14. Egch of the éeeth 2 is formed from
two sides 4, which coalesce to form the tooth 2. The area of
coalescence‘is defined as tip 6.

As shown in Figure 1,‘éach of the teeth 2 are formed as
isosce;es'triangles having all tips 6 located on a liné T which
is’tangeﬁtial to the oscillatory Eoﬁétion R shown in Figure 1.
Thus, the tips,,6 terminate on the tangent line T which is
perpendicular to the longitudinal axis A of the cutting blade
10. This is measured when the blade is at an angle which is

one-half its maximum arc swing. Typically, an oscillating power

tool swings through an arc of 2° to 8 and at speeds ranging

from 10,000 cycles per minute to 30,000 cycles per minute.

16
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In a preferréd form of the invention, attention is now
directed to Figure 2 which shows a variant'of'thaf which is
shown in Figure 1. Tooth details for‘Figure,Z are shown in
Figure 3. As shown in Figure 2, the blade 30 is generally
characteri%ed as one_which'ié "Yeverse opposed" i.e., having a
plurality of teeth which are inwardly directed Suchlthat when a
centerline CL is drawn through the long axis of the blade, two
sets of inQardly directed teeth will be evidenced. Those teetﬁ
which‘are to one side of the centerline face those teeth on phe
other 'side and are opposed to each other.:

The blade 30 alsoishows that the proéimal end 12 includes a
bulbous terminus 22 as described‘with respept to figure 1 but in
addition to thé slot 14 running parallellto the long axis or
center ‘line CL, a pair of recesses 15. extend inwardly on linear
.portions of the U-shaped slot for additional attachment to the
oscillatory power téol. Moreover, additional holes 16
circumscribe the Ujshéped slot 14 to provide additional
retentiqn and drive'points when connected to the oscillatory
power tool.

'The shank 18 is formed from flat stock material whose side
edges 20b extend from the distal end 8 to the proximal end 12

but, unlike Figure 1, these side edges 20b are parallel..

17
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" With respect to Figure 3, certain details of the tooth
configuration can also now be best appreciatéd. As shown, the
centerline reflects that one central tooth 32 has an épex or tip
coincident Qith the centerline CL of the long axis of the blade
30. .Thus, the central tooth 32 is depicted as forming a
substantially isosceles triangie similar to thé teeth 2 shown in
Figure 1.. However, the centerline CL serveﬁ'as a line of
demaréatipn between the left lateral éide o-’f.blade 30 and the
right lateral side of‘bladé 30. As shown, the left lateral side
intcludes a plurality of inwardly (i.e. toQards central tooth 32)
canted teeth 34. Cbnversely, the right lateral teeth 36 are
also inwardly canted toward the central isosceles tooth 32. Both
of tﬁe left lateral teeth 34 and right lateral teeth 36 are
formed substantially as‘righﬁ triangles with the right angle
denoted‘by p. Actually p can be slightly greater thén‘90° to
provide a positive tooth rake when cufting.

The hypotenuse leg H of each tooth 34 and 36 .is outboard
with respect to its ve#tical leg V. As shown, when p is greater
than 90°, leg V slopes towards the centerline CL préviding a
positive rake? 1In this ménner, teeth 34 and 36 on obposite
éides of the central tooth 32 -"oppose" each other when‘cutting.

In cutting, Figure 5A shows the blade poised and oriented

18
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tangéntial ﬁo the bone*and the teeth perpendicular to the ceﬁter
line CL. FPigure 5B shows the cut after progréss has been made
in thelcut. The cﬁt hag been exaggefated to explain the effect.
The kerf 33 is actually V shaped about central tooth 32.
As the right side teeth 36 cuts (Figure 5B), fhe left side téeth
34 are cooling and cleaning. As shown,'the last tooth 36 has
5ust finished cutting and the tooth labeled 34 is about‘to begin
a cut. 1In éfféct, each‘toothiprogréssivelyAtakes a smali-cut 31
on each oscillatory stroke from the center then late;aily
outwards. This can be viewed as "progres?ive staircasing” with
the stairs 31 being removed ong at a time. Stated

alternatively, Figure SB shows a blade 30 in an advanced stroke

A\

of oscillation where the staircase of material on the left side
of the center tooth 32 has alread? been reﬁoved (in, an earlier

. stroke). ‘Tﬁen the blade goes into this advanced stroke.and has
just completely finished this stroke Qhere tooth 36 has stopped
its leftward Qr inward motién and this progressive staircase
looking kerf has been formed. As can be envisioned, when the
 left side teeth 34 are working, the right side teeth 36 are
cooling and being cleaned of chips. A very slight V shaped kerf

A

is formed in practice.

19
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The active cutting tip 6 is the end of the verfical:leg \
wheré it contacts leg H. The central tooth 32 is optional. Note
the teeth in fhe Figure 3 embodiment also terminate along a
" tangent line' T which is at right angles. to the centerline CL.

With respect to Figure 4, it is to be observed that the
proximal end of theAFigure 4 version has not been shown. This
is due to‘the fact that it could Ee accommodated by many
commercially available or by either the Figure 1 or tﬁe Figure 2
variants and will not be belabored here. However, the distal
end 8 of the Figure 4 version bears some differences which need
to ‘be aédressed. This version 40 is distinguished from the
first version 10 and second version 30 by‘includéng a ﬁlurality
‘of outwardly opposed teeth.
| More specifically, the centerline CL of the Figure 4
version 40 serves as a line of demarcation between the left side
teeth 44 and the right side teeth 46. The centerline CL, when
bisecting between the left side teeth 44 and the right side
teeth 46, passes through a central isosceles void 42 (i.e. the
absence of a central tooth). The toéth structure 44 and 46 is

similar to the Figures. 2 and 3 structure. However, the

hypotenuse leg H of these triangles has been transposed 180° so

that this leg now faces the central isosceles void 42 and the

20
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vertical leg V is. canted slightly to the "outside", i.e. away
from the center line CL ana center isosceles void 42, providing
a negative rake. Uéiné this structure, it is possible to
appreciate that the teeth 44 and 46 according to this version
work opposite frém the teeth 44 and 46 shqwn in figures 2 and 3.
However, ail teeth in all versions are substantially ﬁflat~tbp"‘
configured, i.e., the tips stop at the tangent T pérpendicular
to the center line CL. Note the tip 48 of the §uterﬁost teeth
44 and 46 extend beyond the side edges 20c. The aggressive
cutting patrern of the blade 40 shown in Figure 4 Has excellent
¢chip cleariné préperties analogous to Figure 5B,.but opposite
therefrom,

Prior art Figures 6A and 6B show the effect of cutting
teeth on a curve such that the rédius r falls bétween.the
oscillatory a#is 0. and the distal end 8. In use, only very few
teeth actually do tﬁe cutting work and the cutting is not
progressively advanced. As‘"r" gets. larger - approaching the
"flat—toé"'structure preferred iﬁ the instant invention, more
teéth get progressively iﬁvolved in the cuttiﬁg. As show in
Figure 6B, tooth'contaét ié not progreséive as in Figure BB.

Moreover, havrng thus described the 1nventlon, it should be

apparent ‘that numerous structural modifications and adaptatlons
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‘ﬁay be resorted to without departing from thé scope and fair
meaning of_the instant invention as set forth hereinabove and as
claimed hereinbelow.

Alternative Embodiments Of Surgical Saw Blades.

The top plan view of»Figure 7 illustrates another
embodiment or species‘of the present invention wherein the
surgical saw blade 50 ﬁas a tooth structure compriSing a center
tooth 52 defining -a “whale shaped” tooth formed of two opposiné
right triangles 56 and 58 having an axiaiLy extending centerline
or a centraily positioned long axis 62 of the surgical saw blade
passing there through.

" The surgical saw blade 50 inqludes a proximal end 66
configured to couple to a surgical bone saw; The surgical saw
blade S50 includes a distal end 74 héving at least one pair of
teeth 56 and 58 for cutting bone. The at least one pair of
teeth'56 and 58 having tips are cdnfigured to be adjacent to-
each other and each tooth is confiéured as a right triangle with
a hypotenuse which is orien;ed at least one of towards and away
from the cenfrally'positioned long axis. The one tooth 56 has a
hypotenuse 80 which is oriented at least one of towards and away
‘from the centrally positioned long axis. The other of the pair

of teeth 58 is configured. as a right triangle with a hypotenuse
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86 which is oriented in a direction opposite to the hypotenuse
of the one tooth 56 of the pailr of teeth. Theé tips of the teeth
56 and 58 are arrayed substantially on a tangent perpendicular
to the.centrally positioned long axis 62. The distal end 74 has
extending from eéch of £he pair of teeth 56 and 58 at least one
additional tooth 90 having:a tip for cuttiﬁg bone which is
substantially identically shaped as a right triangle including a
hypotenuse and an angle opposite the hypotenuse with a
hypotenuse which is oriented in the same difection as the
hypoteﬁuse of the adjacent tooth defining the pair of teeth.

The tips of all of the teeth 56, 58 and 90 afe érrayed
:substantially on a tangent perpendicuiar to the centrally
positioned long axis.

In Figure 7, this species of the surgical saw blade has a
pair.of opposed teeth'56 and 58 and five additional teeth 90
having tips extendipg from each of the‘pair of teeth 56 and 58.
The proximal end 66 has a hub that is configured to be'dfiven by
a saw having a single driviné pin.

The top plan vieQ of Figure 8 illustrates yet another
embodiment or species of the present .invention wherein the
surgical saw blade 100 has a tooth structure comp;ising a center

tooth 102 defining a “whale shaped” tooth formed of two opposing
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right triangles 106 and 108 having an axially extending
centerline or a centrally‘positioned long axis 112 of the
surgical saw blade passing there through.

| The surgical saw blade 100 includés a proximal end 116
configured to douple to a surgical bone saw. Thé surgical saw
blade 100 includes a diétal end 120 having at ‘least one pair of
tgetﬁ 106 and 108 having tips for cutting bong, The at leasf
one pair of teeth 106 and 108 are configured to be adjééent to
each other and each tooth is éonfiguied as a right triangle with
a hypotenuse which is oriented at least one of towards and away
from“the centrally positioned long axis. The one tooth 106 has
a»hypotenﬁse'124 which is ofiented at least one of towards and
away from the centrally positioned long axisx ~The other of the
pair of teeth 108 is configured as a right trianélg with a
hypotenuse 128 which is oriented in a direction~opposi£e to the
hypotenuse of the one t&oth 106 of the pair of teeth. The tips
of the teeth 106 and 108 are arrayed substantially on, a tangent
4pérpendicular to the centrally positioned long axié 112. The
'distél end 116 has extending from each of the pair.of teeth 106
and 108 at least one additional tooth 152 having a tip for
cutting bone which is substantially identically shaped‘as a

right triangle including a hypotenuse and an angle opposite the
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hypotenuse with a hypotenuse which is oriented in the.same
direction as the hypotenuse of the adjacent tooth defining the
pair of teeth. The tips of all of the teeth 106, 108 and 132
are arrayed substantiélly on a‘taﬁgent perpendicular to the
centrally positioned long axis.

In Figure 8, this species of the surgical saw blade has a
pair .of opposed teeth 106 and 108 and four additional'teéth 132 .
having tips extending from each of the pair of teetﬁ 106 and
108. The proximal.end 116 has a hub that is configurea to be
driven b? a saw having a multiple pin driver.

‘The top plan view of Figure 9 illustrates still yet another
embodiment or.species of the present invention wherein the
surgical saw blade 200 has a tooth structure comprising a center
tooth 202 defining a “whale shaped” tooth formed of twé opposing
right triangleé 206 and 208 having an axially extending
centerline or a centrally positioned long axis 212 of the
surgical saw biade passing there through.

The surgical saw blade 200 includes a proximal end 216
configured to couple to a surgical bone saw.. The surgical saw
blade 200 includes a distal end 220,having at least .one pair of
teeth 206 and 208 ‘having ﬁips for cutting bone. The at least

one pair of teeth 206 and 208 are configured to be édjacent to
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each other and each tooth is configured as a right triangle with
a hypotenuse whiéh is oriented at least oné of towards and away
from the centrally positioned long axis. The one tooth.206_has
a hypotenuse 224 whichlis oriented at least one of towards and
away from the centrally positioned léng axis. ‘'The other of the
pair of teeth 208 is configured as a right triangle with a
hypotenuse 228 which is oriented in a direction opposife to the
hypotenuse of the one tooth 206 of the pair of teeth. The tips
of the teeth 206 and 208 are arrayed substantiallonn a tangent
«perpendicﬁlar to the‘centrélly ?ositioned long axis 212. The
-distal end 216 has extendiné from each of the pair‘of‘teeth 206
and 208 at least one additional tooth 232 having a tip for
cutting bone which.is substantially identically shaped as a
right triangle including a hypotenuse and an angle opposite the:
hypotenuse with a.hypotenuse which is oriented in the same
direction ds the hypotenuse of the adjacent tooth defining the
pair of .t.eéth. The tips of all of the teeth 206, 208 and 232
are arrayed substantiélly’on a tangent'perpendicular to the.
centrally'positionea long axis.

In Figure 9, this species of the surgical saw blade has a
pair of opposed teeth 206 and 208 and two additional teeth 232

extending from each of the pair of teeth 206 and 208. The
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proximal end 216 has a hub that is configured to be driven by a
saw having a multiﬁle pin driver.

The top plan view of Figure 10 illustrates yet still
another embodiment or species of the.ﬁresené invention wherein
the surgical éaw.blade 300 has a tooth structure comprising a
center tooth 302 defining a “whale shapea” tooth formed of two
‘opposing riéht triangles 366 and 308 having an aéially extending
centerline or a centrally positipnéd.long axis 312 of the
surgical'saw blade passing there through;

| The surgical saw blade 300 includes a proximal end 316
:configured to couple to a surgical bone saw. 'The surgical saw
blade 300 ingludes a distal end 320 having'at least one‘pair of
teeth 306 and 308 having tips,for cutting Bone. The at leasﬁ
one pair of tee;h 306 and 308 aré.configured to be,adjacenf to
each other and each tooth is configured as a right.triangle with
a hyﬁotenuse which is oriented at least one of towards and away
from the centrally positioned long axis. The oﬁe tooth 306 has
a hypotenuse 324 which 1s oriented at least one of towards and
away from the centrally §ositioned lOng.gxis. The other of the
pair of teeth 308 is configured as a right-triaﬁgle with a
hypotenuse 328 which is oriented in a.direction opposite to the

‘hypotenuse of the one tooth 306 of the pair of teeth. The tips
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of tﬁe teethA306 and 308 are arrayed substantially on a tangénf
perpendicular to the centrally positioned loﬁg axis 212. The
distal end 216 has exténding.from each of the,pair of teeth 306
and 308.at least one additional tooth 332 having a tip for
cutting bone which is substantially identically shaped as a
right triangle iﬁcluding a ﬁyp?tenuse and an angle opposite the
hypotenuse with a h&potenuse'which is oriented in the same
direction as the hypotenuse of the adjacent tooth definin§ the
pair of teeth. The tips of all Of the teeth 306, 308 and 332
are arrayed substantially on a tangent perpendicular to the
centrally positioned long axis.

~‘In Figure 10, this'species.of-fhe surgical saw blade has a
pair of opposed teeth 306 and 308 and two additional teeth 332
having tips extending from each of the pair of ‘teeth 306 and
30é. The proximal}end 316 has a hub that is configured to be
driven by a saw.having a single pin driver.

As diécussed above in/connection with Figupe 7, ﬁhe distal
end 74 of surgical saw blade 50 has extehding from each of the
pair of teéth 56 and 58 has at least one additional tooth 90 for
cutting bone which i§ subsﬁantially identically shaped as a
'right triangle as the teeth 56 and 58 including a hypotenuse and

an angle opposite the hypotenuse with the hypotenuse oriented in
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the same direction as the hypotenuse of the adjacent tooth 56 or
58 aefining the pair of teeth. All of the tips of all of thé
teeth 56, 58 and 90" are arrayed substantially‘én a tangent’
pefpendicular to the centraily positioned long axis.

As illustrated in. Figure 7, fhe number of additional teeth
can be a number for at least two additional teeth-having tips to
five additional teéth.having tips.

In the species of Figures 7 through 10, the éurgical saw
blade illustrated tﬁerein are for use in éombination with a
. surgical bone saw. In Figure 8, for example, the surgical saw
‘blade 100 ¢omprises a proximal end 116.whicﬁ is configured té'
.couple to a surgical bone saw. The surgical saw blade 100
.includes a distal end 120 having a plurality of substantiall§
identical teeth having tips for cutting bone. Each of the
" plurality of teeth end in a tip distally.

The surgical saw blade includes a centrally positioned long
axis 112 extending between the proximal end 116 and the distal
énd 120. At the distal end 120, the a plurality of
substanpially identical teeth for cﬁtting bone include at least
one pair of teeth 106 énd 108 for cutting bone which are
configured to be adjacent to each other and wherein one of the

pair of teeth, tooth 106, has a hypotenuse 124 which is oriented
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at least one of towards and away from the centrally positioned
long axis 112. The other of the pair of teeth, tooth 108, has a
hypotenuse 128 which is oriented in a direction opposite to the
hypotenuse 128 of the one of the pair of teeth 106 and the tips
thereof are arrayed subétantially on a tangent perpendicular to
the centrally positioned long axis. |

The distal end 120 has extending from each of the pair of
teeth 106 and 108 at least one additional tooth 1Bé for cutting
bone‘which is substantially identically shaped as a right
triangle including a hypotenuse and an angle opposite the
hypotepusg with a Hypotenuse whigh is orieﬂted in the same
direction as the hypotenuse of its adjadént tooth defining the
pair of teeth 106 and 108. The tips‘df all of the teeth 106,
108’and 132 are. arrayed substantially on a tangent perpendicular
to the central:'Ly positioned long axis.

As illustrated in Figures 7 through 10, the at least one
additional tooth may be a single tooth having a tip or a number
of teeth having tips which is at least two additiona;«teeth.to
five additional teeth. #ach of the additional teeth, teeth 132
“in Figure 8 being exemplary, are substantially identically‘
shaped aé a right triangle including a hypotenuse and an angle

opposite the hypotenuse and the hypotenuse thereof is oriented
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in tﬁe same direction as the hypotenuse of the adjacent tooth of
the pair of teeth 106 and 108, respectively. Thé tips of all of
the teefh are arrayed substantially on a tangent perpendicular
to the centrally positioned long axis. By having all of the
tips of the teeth configured to be placed substantially on a
tangent which is perpendicular to é radial.line extending from
the center line of the power tool cutting axis that bisects the
‘arc of travel within which the blade travels represented by‘the
centrally extending long axis illustrated in Figures 7 through
10, the teeth are enabled tb_contacf the bone tg be cut and
thereby and provide better tracking of the surgical saw blade
when forming a kerf in the bone, as sﬁch,.the teeth cut both
progressively and -sequentially as the kerf begins to form to
prov1de faster aggressive cutting and efficient chip removal.

In Figures 7 through 10, the angle opposite each hypotenuse
.is'greater than 90°

Each of the specles of the surgical saw blade illustrated
in Figures 7 through 10 can be used in a method of cutting bone.
The method comprises the steps of: a) providing a surgical saw
blade having .a\' proximal end configured to coupie to a surgical
. bone ‘saw, a distal end having a plurélity of substantially

identical teeéth having tips for cutting bone, each of the
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plurality of teeth ending in a tip distally and a centrally.
positioned long axié‘bétween the proximal end and fhe.distal end
and wherein said distal end‘has a plurality of substéntially
identical teeth having tips for.éutting bone including at least
one pair of teeth for cutting bone whiéh‘are configured to be
adjacent to each other and wherein éne of.the pair of teeth has
a hypotenuse which is oriented at least one of towards and away
from the cehtrallyvﬁositioned long'axié énd the other of said
pair of teeth has a'hypotenuse which is oriented in a direction
opposite ;o the hypotenuse of the one of tﬁe’pair of teeth and
wherein theltips.aré arrayed substantially on a tangent
perpendicular to the centrally positioned long axis( and whérein
said distal end has‘éxtending from each of said pair of teeth at
lea;st one additilonal tooth having a tip for cutting bone whic.:h
is substantially identically shaped as a right triangle
_incluqing a hypotenuse anq an angle opposife the hypotenﬁse with
a hypotenuse which is oriented.in the as the_hypbteﬁuse.of the
adjacent tooth defining the pair of teeth and wherein the tips
of the additional teeth are arrayed substantially on a ‘tangent
perpendicular to the Centraliy positioned long axis; b) céupling

fhe surgical saw blade to a surgical saw; C) actuating the
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surgical saw with the coupled saw blade; and d) cutting the
bone. |

The method may include using a surgical saw blade wherein
the additi&nal number of teeth of the saw blade provided in step
a) are at least two additiénal teeth having tips.

The method may includg using aléurgical saw blade wherein
the additional number of teeth of the saw blade provided in step
a) are between at ieast‘two‘additional teeth having tips and
five additional teeth havihg tips.

The method may include using a surgical saw blade wherein
the qhgle opposite each hypotenuse of the teéth provided in sfep{
a) is greater than §O°.

The structures of the surgicél saw blades illustrated in
'Figs. 7 through iO provide a surgeon wilth several variations of
surgical saw blades for use in cuttiﬁg bohé aé part of a
surgical procedure or surgical operation. Specifically, the
structure of each of the distal ends of fhe.surgical saw blades
of Figs. 7 through 10 enable the tips of the teeth thereof to
-contacf the bone tg be cut thereby and to provide better
tracking of the surgical saw blade when ferming a'kerf in the

bone. As such, the teeth cut both progressively and
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‘sequentially as the kerf begins to form to provide faster
4aggressive cutting and efficient chip reﬁoval. |

If a faster or more rapid cutting of the béhe is desired
during a surgical procedure, the surgeon may elect to use the
surgical saw blade of Figs. 7 and 8 which have more teéth
avallable to provide faster éggreésive cutting and efficient
chip removal.'

If a more controlled or slower cutting of the bone is
desired duriﬁg a surgical procedure, the surgeon may elect to
use the surgical saw blades of Figs. 9 and 10 which have a lower
number of teeth to provide a more controlled aggressive~cutting
and efficient chip iemoval.

Lubricious Surface Treatments for Surgical Saw Blades

The éoefficient of friction between a surgical saw blade,
the bone to be cut and a surgical saw cutting guidé} if a
-cutting guide is used during a su;gical procedure, may affect
the quality of the final bone cut due to poésible sticking or
lack‘of smooth movement of the'surgical saw biade during é
surgical procedure. It is envisioned ﬁhat a lubricious surface
treatment, such as a coating could be appligd tq the surgical
saw blades} described herein, to reduce‘the éoefficient of

friction between a surgical saw blade, the bone to be cut and a
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surgical accessory, such as for eiample a surgicai saw blade
cutting guide.

In order to increase the performance of a surgical saw
blade during a surgiéal procedure, a lubricious surface
treatment and or coating material having a composition capable
. 0f decreasing the coefficiént of friétion between a surgical saw
blade, the bone to be cut and a surgical accessor& is applied to
the distal end of the surgical saw blade includihg the teeth
that would be in contact with bone or bone fragments during
cuttiﬁg. This results in a reduction of the coefficient of
friction on the outer surface of the 'saw blade.

In the preferred embodiment, the lubricious surface
treatment and or COaﬁing material has a Vickers hardneés number
(HV) of about 820 or above. The coefficient of friction of a
. surgical saw blade that is untreated or uncoated with a
lubricious‘surface treatment and or coating material is in the
range of about 0.25 or more on/against steel. Whep a lubricious
surface treatment and or coatiﬁg material is applied to the
surgical saw blade, using coating techniques the coefficient of
friction is lowered .to about 0.8 to about. 0,20 on/agéinst steel,
depending on the composition and ph?sical characteristics of the

lubricious surface treatment and or coating material.

35



WO 2005/104964 PCT/US2005/012476

The lower coefficient of friction of ﬁhe lubricious surface
treatment and or coating of this invention gives the sﬁrgical.
saw blades a significantly enhanced ability to glide easily
between the bone being cut, tissue that comes in contact with
the surgical sgw blade and interprokximal contact beﬁween the
surgical saw blade and surgical accessory contacted by the
surgical séw blade during a procedure such as, for example, a
cutting guide.

The.fdllowing are examples of lubricious surface treatment
and Qr coating materials that can be used to practice thié

invention.
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.Surface
Treatment/Coating

Material

Composite Diamond

Thermal/Plasma
Spray Ceramic

Low~Temp/PVD/CVD
Matrix

Plasma/Ion
Nitriding

Examples

PCT/US2005/012476

Physical

‘Composition Description

Diamond particles

Molten Ceramic

Zirconia Nitride, Titanium-
Carbo Nitride, Titanium
Oxide, Titanium Nitride or
Chromium Oxide

Low-temperature surface
modification of base
Stainless Steel

37

Characteristics

Hardness,
corrosion
resistance,
abrasion
resistance

Permanent non-

stick, chemical
resistant, non-
wetting;

FDA approved

Hardness, self-
lubricating, low
friction;

Low-temperature
Physical Vapor
Deposition or
Chemical Vapor
Deposition

Hardness, self-
lubricating, low
friction
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The lubricious surface treatment and or coating material
may have a seleéted thickness. If tﬁe lubricious surface
gpeatment and or coating material is applied b? &aéuum
deposition or vapor-deposition, e.g. PVD, the thicknéss may be
ig the order of a few microns (1pmto10um). On fhe other hand, if
the lubricious éurface treatment and or coating materiai is
applied by dippihg; spraying, a laminated coating procedures or
is applied using other coating procedures known to those‘skilled
in the art{ the thickness may be in a range of the order of

about 1 mil to about 15 mils.

2

Iﬁ broad summary, this writing discioses a cutting saw
blade for use with an oscillaéory power tool used in surgical -
bone cuttiﬁg procedures including é blade having a distal end
provided Qith teeth whose tips afe located on a tangent line
perpendicular to the 15ng axis of the blade. The teeth are
configured substantially as right triangles with
their hypotenuses faciné eithef towards the cenﬁer of the bladé’
or away from’ﬁhéicenter of the blad§;> A central.tooth can be
optionally érovided. The surgica1~saw blade may Have a distal
end haﬁing at least one pair of teeth confiéured'to be adjacent
to each otheér and each of the palr of teeth is conflgured as a
right triangle each hav1ng a hypotenuse which is erented at
least one of towards and away from the centrally positioned long

axis.
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Tn more detail, this writing has disclosed some of the

following summary points.

In part this writing has disclosed:

lL.A surgical saw blade haviﬁg a centrally-positioned long
axis comprising

a proximal énd configured to couple to a surgical bone saw;
and

a dista; end having at least one pair of teeth for cutting
pone which are configured to be adjacéﬁt:to each other wherein
one of the pair of teeth is configured %é a right triangle with
a hypotenuse which is oriented at leastzbne of towards and away
from the cent;ally positioned long axis and the otﬁer'of said
pair 6f teeth is.;onfigured~as é‘right triangle with a
Bypotenuse which is oriénted in a directién'opposite to said one
of the pair of teeth and wherein the tips are arrayed.
sdbstantiaily on a tangent perpendicular to the centrally
pbsitioned igpg axis, and wherein Qaid distal end has extending
from each of "said pair of teeth at least one adéitional tooth
for cutting bone which is substantially identically shaped as a
right'triang;e including a hypotenuse and an anglé opposite the
hypotenuseTwith a hypotenuse which. is orienfed'in the same
direction as the  hypotenuse of the adjacent-todth defining said

pair:of teeth and wherein the tips of all‘of thg‘teeth are
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arrayed substantially on a tangent perpendicular to the
centrally positioned lang axis.

2. The surgical saw blade of point 1 wherein said distal
end has extending from each of said.pair of teetb at least two
additional ‘teeth for cutting bone each of which are
substantially identically shaped as. a right triangle iqcluding a
hypbtenuse and an angle opﬁosite the hypoténuse with the
hypotenuse is oriented in the same direction as the hypotenuse
of the.adjacent tooth defining said pair‘§f teeth and wherein
the tips of all of the teeth are arraye@'substantially on a
~ tangent perpendicular to the centrally positionéd long axis.

3. The surgical saw bl;de of point 1 wherein said distal
end has extending from each of said pair of teeth at ieaét three
additional teeth for cutting bone each of which ére
substaﬁtiglly identicaily shaped as a right triangle inqluding a
hypotenuse and an angle opposite the hypotenuse with the
hypotenuse is oriented in the same direction as the hypotenuse
of the adjac;hﬁAtooth defining éaid pair of teeth and wherein
the ;ips of all of the teeth are arrayed substantially on a
tangent perpendicular to the centrally positioned long axis,

4. Tﬁe surgical saw blade of point 1 wherein said distai

end has extending from each of said pair of teeth at least four
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additional teeth for cutting bone each of which are
substantially identically shaped as a right triangle including a
hypotenuse and an anglé épposite the hypotenuse with‘the
hypotenuse is oriented in the same direction as the hypotenuse
pf the adjacent tooth defining said pair of ﬁeeth-and whereiﬁ
the tips of all of the teeth are arrayed substantially on a
tangent perpendicular to the centrally positioned long axis.

5. The surgical saw blade of point 1 wherein said distal
‘end has extending from each of.said pair of teeth at least five
additional teeth for cutting bone eadh-of which are
substantially identically.shaped as a ri%ht triangle inbluding a
hypoteﬁuse and an angle opposite the‘hypotenuse'with the
hypotenuse is oriented in the same'difection as'the hypotenuse
of the adjacent tooth defining said pair of teeth and wherein
.the tips of all of theAteeth are-arrayed substantially ohn a
tangent perpendicular to the centrally positioned long axis.

In part this writing has also disclosed
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6. The surgical saw bladé of point 1 wherein said one of
the pair of teeth haying a hypotenuse which is Qrieﬁted at 1éast
ong'of»téwards’aﬁa away from.the centrally positioned long axis
‘has extending there from at least five additional teeth having
tips for butfiﬁb bone which are substaptiallyMidenticaily shaped
as a right tfiangle'including a hypotenuse and an angle opposite
the hypotenuse with the'hypotenuse‘of éach of séid-at leést five
additional® teeth beiné oriented in the sémé direction as the
hypotenuselof‘said one'of-thelﬁair of tee?h and thg_other of
said ?air of teefh having a hypqtenﬁse whiCh'is oriented at
least one of towards and away ffom the centrally positioned long
axis has extending there from ét least five additional teeth
having tips for cutting bone which are substantially identically
shaped as a right triaqgle including a hypotenuse and an angle
opposite the hypotenuse with the bypétenuse of éach of said at
least five additional téeth being:orienfed in the same direction
as . the "hypotenuse of said other of the pair of tegth and wherein
the tips of all of the‘teefh are arrayed substantially on a |

tangent perpendicular to the centrally positioned long axis,
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7. . The surgical saw blade of pbint 1 wherein said one of

thé pair of teeth having a hypotenuse which is oriented at least
one of towards and away from the centrally positioned long axis
haslextending fhére from at least one additional tooth having a-
tip for cutting bone which is:substantially identically shaped
as a right triangle including_a hypotenuse and an angle opﬁosite
the hypotenuse with the.hypotenuse of said at least one
additioﬁal tooth being oriented in the same airection as the
hypotenuse of said one of the pair of teeth and:the other of the
pair of teeth having.a hypotenuse which is oriented at least one
of towards_and away from the ceﬁfraliy positioned long axis has
extending thére from af least one additional toothlhaving a tip
- for cutting bone which is substantiélly identically shaped as a
right triangle including‘a‘hypotenuse and an angle opposite the
hypotenuse with. the hypotenuse of said other of the pair of
‘teeth being oriented in the éame direction as the hypotenuse of
said other %ﬁ fhe pair of teeth and‘wheréin the tips of all of
teeth are grrayed substaﬁtially on a tangepf perpendicular to

the.centrally.positioﬁed long axis.
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8. The surgical séw blade of point 1 wherein said one of
the pair of teeth having a hypotenuse which is oriented at least
one of towards and away from the cehtrally positioned'lbng‘axis
has extending there from at least .two additional teeth having
tips for cutting bone which are substantially identically shaped
as a fight triangle including a hypotenﬁse and an angle opposite
the hypotenuse with the hypotenuse of each of‘sa;d'at least two
additional teeth being'arieﬁted in the sa@e direction as the’
hypotenuse of séid one of the pair of teeth and the other of
said pai; of teeth baving a hypotenuseée wﬁich is oriented at
least one of.towards and away from the céntrally'positioned long
axis has extending there froméat least two additional teeth
having tips for cutting bone which %re sqbstantially identically
shaped as -a right triangle inclu&ing a hypoténuse and:an angle
opposite the hypotenusé wiﬁh{the hyp&tenuse of each of said at
least two additional teeth being oriented ip fhe same direction
as the hypotenuse of said other of the pair of.téeth and wherein
the tips of all of the teeth are arrayed substantially on a
tangent perpendicular to the ceﬁtrally positioned.long-axis.:

5. The surgical saw blade of point 1 wherein said one of
the pair of:teeth having a hypotenusé which is oriented at least

one of towards and away from the centrally positioned long axis
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has extending there from at least three additional teeth having
tips for cutting boﬁe which are substantially identically shaped
as “a right triangle including a‘ hypotenuse and an angle opposite
the hypotenuse with the hypotenuse of each of said at least
three additional teeth being oriented in the same direction as
the hypotenuse of said one of the pair of teeth and the other of
said pair of teeth having a hypotenuse which is oriented at
least Sne of towards.and away from the.cehtrally pQ;itioned long
axis has extending there from at least three additionai teeth
héving tip§ for cutting bone which are §u5stantially identically
shaped as a righf triangle including a éypoﬁenuse and an angle
opposite the hypotenuse withéthe hypotenuse of each of said at
least three additionél teeth being oriented in the same as the
hypotenuse of said other of the pair of teeth and wherein.the
tips of all of the teeth arg arréyed substantially on a tangent
perpendicular to the centrally positioned long axis.

10. The surgical.saw bléde of point 1 wherein said éne of
the pair of iteeth having a hYpotenuse which is oriented at least
one of towards and away from the centrally positioned long axis
has extending there from at least four additional teeth having
tips for dutting bone whiqh are substantially identically shaped

as a right triangle including a hypotenuse and an angle opposite
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the hypotenuse with the hypotenuse of each of sald at least foﬁr
additional teeth being oriented in the same direction as the
hypotenuse of said one of the pair of teeth and the other of
Said pair of teeth having a hypotenuse which is oriented at
least one of towards and away from the centrally positioned long
axis has @xténding there from at least féur additional teeth
having tips for cutting bone which are substantially identically:
shaped as a right triang}e including'a hyﬁofenuse and an angle
opposite the hypotenﬁse with the hypotenuée of éach of said at |
least four gdditional teeth being oriented in the same direction
as the hypotenuse of said other of the p?ir of teeth and wherein
the tips of all of the teeth are arrayed substantially on a

tangent perpendicular to the centrally positioned long axis.
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11. A surgical saw blade for use in combination with a
surgical bone saw, the surgical saw blade comprising:

. a)-: a proximal end configured to couple to a surgical bone
saw;

b) a distal end having a plurality of-;ubstantially
identical teefh for cutting bone,'each of the plurality of teeth
ending in a tip distally; aqd o

c) ‘a centrally positioned long axis between the pfoximal
end and the distal énd; 3

wherein said distal end having a plurality of substantially
identical teeth having tips for cutting;bone inéluae at least
one pair of teeth for cutting: bone whicg are configured to be
adjacent to each other and positioned one at each side of the
centrally positioned lpng'axis and wherein one of thg pair of
teeth has a hypofenuse whichlis oriented at least one of towards
and away from the centrally positioned long axis and the cher
of said pair of teeﬁh haS'a hypotenuse which %s oriented in a
< diréction oé@ogite to thé%hypotenuse of said one of the pair of
teeth and wﬁeréin the tips are arrayed substantially on a
tangent perpendicular to the centrally positioned long axis, and
wherein sg{d distal end haé extending frqm each of said pair of
teeth at least one édditionalltooth having a tip for cutting
" bone which 1is substantialiy identically shaped as a right
triangle including. a hypotenuse and an angle opposite the

hypotenuse with a hypoténuse which is oriented in the same

direction as the hypotenuse of the adjacent tooth defining said
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pair of teeth and wherein the tips of ali of the additional
teeth are arrayed substantially on a tangent perpendicular to~
the centrally positioned long axis.

12. A surgical saw blade for penetrating bone when said
surgical saw blade is operatively coupled to an oscillatory
power tool, comprising:

a surgical saw ﬁlade having a pr&ximal end and a distal
end; and

said proxiﬁal end having a hub for attachment to an
oscillaﬁory power tool for driving engageﬁent théreby;

said distal end having at least ohe pair pf teeth having
tips for cutting bone which are cénfigured to be adjacent to
each other and wherein one of the pair of teeth has a hypotenuse
which is oriented at least one’of towards and away from the

centrally positioned long:axié and the other of said pair of
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teeth has a hypotenuse which is oriented in a direction opposite
to the hypotenuse of said one of the pair of teeth énd wherein
‘the tlps are arrayed substantlally on a tangent perpendlcular to
the centrally posxtloned long axis, and whereln said dlstal end
has extending from each of said pair of teeth at least one
additional tooth having a tip for cutting bone which is
substantially identically shaped as a right triéngle including a
hypotenuse and an angle oppdsite the'hypotenuse with a
hypotenuse which is oriented in the same direction as the
.hypotenuse of the adjacent tooth defihing said pair of teeth,
and wherein the tips of all of the teeth are configured to be
placed substantially on é taﬂgent which is perpendicular to a
.radial line extending froﬁ the center line of the power tool
cutting axis that bisects the.afc of travel withiﬁ which the
blade travels sucﬁ that said teeth contact the bone to be éut
thereby to provide better tracking of séid surgical saw blade
when forming a kerf in the bone, whereupon said_teeth cut both
progressively and sequentially as the kerf begins to form to‘

provide faster aggressive cutting and efficient chip removal.
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13. The gurgical saw blade of point 12 wherein the angle

opposite each hypotenuse is greater than 90°

14. A surgical saw blade for use in combination with a

surgical bone saw,- the surgical saw blade comprising:

a) ~ a proximal end.configured to couple to a surgical bone
saw; and
b) a dlstal end having at least one pair of teeth havxng

tips for cuttlng bone Wthh are configured to be adjacent to
each other. and to have one of the‘pair ef-teeth configured as a-
right triangle with a hypotenuse which‘ie oriented at least one
of towards and away from a ceptrally po§itioned leng axis |
extending between the preximai end‘and the distal end and the
other of said.pa;r of teefh wherein configured as a right
triangle with a hypotenuse which is eriented in a direction
opposite to the h&potenuse of said one of the pair of teeth and
wherein said distal eﬁd has extendin§ from each of said pair of
teeth at least one additional tooth having a tip for cutting
borne whlch i% substantlally ldentlcally shaped as a right
triangle including a hypotenuse and an angle opposite the'
hyﬁotenuse @ifh é hypotenuse which is oriented in the same

direction 2f as the hypotenuse of the adjacent tooth defining .
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said paip of teeth, each of the plurality of teeth énding in aA
tip distally; |

wherein the tips of all of the teeth are configured to be
placed substantially on a tangent which is pérpendicular to. a
radiai line extending from the center line df the power tool
cutt%ng axis that bisgcts the>arc of travel within which the
blade travels.

15. The surgical saw blade of point‘14 wherein the number‘
of additional teeth each extending from eacﬁ.of said pair of
teeth are at least two additional teeth'ﬁaving tips for cutting
bone which are substantially idgnticallyishaped as a right
triangle including a hypotenuée and an angle opposite the
hypotenuse with a hypotenuse which is oriented in the same
direction as the hypotenuse of the adjacent tooth-defining said
pair of teeth, and whefein the fips of all of the teeth are
arrayed sﬁbstantially on a tanggnt perpendicular to the
“centrally positioned long axis.

l6. Thé&Sﬁ}gical saw blade of point 14 wherein the number
Jof additional teeth each extending from each Qf said pair of
teeth are at least three gdditional teeth having tips for

cutting boné which are substantially identically shaped as a

right triangle including a hypotenuse and an angle opposite tbe
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-hypotenuse'with a hypotenuse which is oriented in the same
-direction as the hypotenuse'of Ehe adjacent tooth defining said
pair Of“teeth, and wherein the tips of,ell of the teeth are
arrayed substantially on.a tangent perpendicular to the
centrally positioned long axis.

17. The surgical saw blade of point 14 wherein the number
of additional teeth each extending from each of said pair of
teeth are at least four additional teeth naving tips for cntting
bone which are subetantial;y identically shaped as a right
triangle including & hypotennse and an angle opposite the
nypotenuse with a hypotenuse which.is ordiented in the same
direcfion as the hypotenuse of the adjacent tooth defining said
- pair of teeth, and wherein.the tips of all of the teeth are
arrayed substantially on a tangent perpendicular to the
centraliy positioned leng axis;

18. The suigical saw.blade of point 14 wherein the number
of additional teeth each extending from each of said pair of
teeth are at »least five additional teeth having tips for cutting
bone which are substantially identically shaped as a right
‘triangle including a hypotenuse and an angle opposite the
nypotenuse?with a hypotenuse which is oriénted in the same

direction as the hypotenuse of the adjacent tooth defining said

52



WO 2005/104964 PCT/US2005/012476

pair of teeth, and wherein the tips of all of the teeth are
arrayed substantially on a tangent perpendicular to the
centrally positioned long axis.

19. The surgical saw bladerf point 14, wherein the angle
opposite each hypotenuée 1s greater than 90°

20. In combinatign, a surgical bone saw and a bone saw

blade comprising:

a) an oscillatory or sagittal bone saw; and
b) a surgical saw blade having;
1) a proximal end configured:to couple to a éurgical
bone sa@;

ii) a distal end having at least one pair of teeth
having tips for cutting‘bone which are configuged to be adjacent
to each other and to have one ofuthe pair of teeth configured as
a right triangle with a hypotenuse wﬁich is oriented at least
one of towérds and away from.a centrally positioned axis
extending between the proximal end and thé distal end and the
other of saidjpélr of teeth configured as a right triangle with
a hypotenuse which is oriented in a airection opposite to the
hypotenuse .of said 6ne'of the pair of teeth and wherein said
distal end Réslextending from -each of said pair of teeth at

least one additional tooth for cutting bone which is
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substantially identically shaped as é right triéngle including a
hypotenuse and an angle opposite the hypotenuse with a
hypotéﬁuse which is oriented in the same direction as the
adjacent tooth défining said pair of teeth and wherein the tips -
of all of the teeth are arrayed substanfialiy on a tangent |
perpqﬂdicular to the centrally posiﬁioned axis and.wherein the
tips of the additional teeth are'arrayéd substantially on a
tangent perpendicular to the centrally poéitioned long axis;

wherein each of the teeth are substantially identiéaliy
shaped substantially as right tfiangles~including a hypotenuse
and an angle opposite the hypotenuse, wéérein each hypotenuse is
oriented at least one towards%and‘away from the céntial;y
positioned long axis, and wherein the tips are configured t§ be
pléced substantially on a téngené which is perpendicular to a
radial'liné extendingffroﬁ the center line of the power tooi
cutting axis that bisects the arc of travellwithin which the
blade travels and further wherein the éurgical saw blaée is
coupled to tﬂé oscillatory or sagittal bone saw.

51. The combination of point 20 wherein the one additional
tooth is at leaét one tooth of é plurality of additional teeth

having tips! having a total number of additional teeth between at

least two additional'teeth and five additional teeth.
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22. A.surgi¢al saw blade for penetrating bone when.said
‘surgical saw blade is operatively coupled to an oscillatory
‘power £00l, comprising:

a surgical saw blade having a proximal end and a distal
end;

‘said proximal end having a hub for attachment to an
oscillatory power tool for driving engagement thgreby,

said distal end having at least 6ne péir of teeth having
tips for cutting bone whicﬁ are configured’to be adjacent to
each othef and to have one of the pair of teeth configured as a
right triangle with a hypotenuse which ié oriented at least one
of towards and away frbm a cen;rally positioned long axis
extending between the proximal end and distal en§ axis and the
other of said pair of teeth confiéured as a right triangle with
the hypotenuse whichlis‘oriented in a direcfion opposite to the
hypotenuse of said one of the pair of teeth and wherein the tips
are arrayed substantially on a tangen£ perpendicular to the
Cenﬁrally positioned. long axis, and wherein said distal end has’
extending from each of said pair of teeth at least one
additional tooth .for cutting bone which is substantially
identically ’shaped as a right triangle including a hypotgnuse

and an angle opposite the hypotenuse with a hypotenuse whiqh is
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oriented in the same direction as the hypotenuse of'thg adjécent
tooth defining said pair of teeth and wherein the tips of all of
the teeth are configured to be placed sﬁbstantially on a tangent
which is perpendigu}ar to a radial line éxtending frdm the
center line of>the poWer toél cutting axis that,bisects:the arc
of travel within which the blade travels such ﬁhat sald teeth‘
contact the bone to be cut thereby to prQVide better tracking of
said surgical saw blade when forming a kerf in the bone,
whereupon said teeth cut both pfogressively and sequentially as
the kerf begins'to'form to pro&ide fésteé aggreésive cutting and
effiéienﬁ chip rgmoval.

23. The surgical saw blade of point.22 wherein the number
of additional teeth each extending from each of saiq pair of
teeth are at least two additionaf teeth having tips for cutting
bone which are substaﬁtially identically shaped as a right
triangle including a hypotenuse and an anéle opposite the
hypoteﬁuse with a hypotenuse which is oriented 'in the same
direction as ghéihypotenusé of the adjacent tooth defining said
pair of teeth, and wherein the tips of the additional teeth are
arrayed substantially'on a téngént perpéndicula?.to the

centrally pésitioned long axis.
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24. The surgical saw blade of point 22 wherein the number
of additional teeth each extending from each of said pair of
teeth are at least three additional teeth having tips for
cutting bone which aré subsﬁaﬁtially identically shaped as a
right triangle including a hypotenuse and aﬁ'éngle opposite the
. hypotenuse ‘with a hypotenuse which is oriented in the as the
hypbtenuse of the adjacent tooth definihg;said éair of teeth,
and wherein the tips of the,additionél teeth afe arrayea
substantidlly on a tangent perpendicular to the central;y
positioned long axis.

25. The surgical saw blade of point 22 wherein the number
of additional teeth each extending fr&m each of éaid pair of
teeth are at least four additional tgeth having tips for cuttiﬁg
bone which are substantially ideﬁticélly shaped as a right
triangle iﬁclud;ng a hypotenusé.and'an éngle opposite the
hypotenuse with a hypoﬁenuse which is oriented in tﬁe same
direction as the hypotenuse of the adjacent tooth defining said
éai: of teeth{ énd wherein the tips of the additional teeth are
arrayed substantially on a tangent perpendicular to the

centrally positioned long axis.
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26. The surgical saw blade of point 22 wherein the number

of additional teeth each extending from eéch of 'said pair of
teeth are at least five additional teeth having tips for cutting
bone which are substantially identically shaped as a right
triangle including a hypotenuse.and'an anglemopposite-the
hypotenuse with a hypotenuse which is oriented iﬁ the as the
hypdtenuse 6f the adjacent tooth defining said pair of teeth,
and wherein:the‘tipé of the additional tee£h are arrayed

substantially on a tangent perpendicular to the centrally

positioned long axis,

The examples disclosed herein are intended to cover such .
applications discussed herein, and it is enQisioned that other
uses of a surgical saw bladé having the structure disclosed and
_taught herein, including the use of a lubricious surféce,
treatment and or coating material coatea thereon, will become
apparent to those skilled in the art and all such uses are
envisioned'tosbe within the teachings and.§cope of the‘pregent
invention.

All siich uses, variations, modificagions and the like are

also anticipbated to be within the scope of this-invention.

58



WO 2005/104964 PCT/US2005/012476

WHAT IS CLAIMED IS:

1. A surgical saw blade for penetrating bone when said

surgical saw blade is operatively coupled to an oscillatory
power tool, comprising:

a surgical saw blade having a proximal end and a distal
end;

said proximal end having a hub for attachment to an
oscillatory power tool for driving engagement thereby;

said distal end having a plurality Substantially
identically éhaped cutting teeth ending in a distal tip
configured to be p}aced substéntially on a tangent which is
perpendicular to a raqial line extending from‘thé center line of

the power~tool=qutting axis that bisects the arc of travel
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within which the blade travels such that said teetﬁ contact the
bone to be cut thereby to provide better tracking of said |
syrgical saw blade when forming a kerf in the bone, whereupon
said teeth cut béth progréssi#ely and sequentially as the kerf
begins to form to provide faster aggressive cutting and
efficient chip removal; and

a lubricious coating material having a Rockwell hardness of
about 65 to about 90 being applied to thé;outer surface of the
surgical saw b;ade.

2. The surgical saw bladé of claifm 1 wherein the
coefficient of friction of the lubricioué coating material is in
the range of about 0.08 to abdut 0.25.

3. Theé surgical sawxblade'of claim-1 wherein the
lubricious coéting material is selected from a grouﬁ consisting
of Composite Diamond, a Teflon/Nickel Composite, an Inorganic
Powder/Nickel, a Fluoropolymer, a Fusion bonded fluoropoly, a
Thermal Spray Polymer, a PVD Matrix, polytetrafluoroethylene,
Fluorinated Efbylene Propylene, Perfluoroalkoxy,
Ethylene/Tetrafluoroethylene Copo}ymer and Anti-microbial
Material.

4. A method of cutting bone comprising the steps of:

a) providing a surgical saw blade according to claim 1;
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b) coupling the saw blade to a surgical saw;

c) actuating the surgical saw'with the coﬁpled saw blade;
and ©

d)  cutting the bone. .

5. The method of claim 4 wherein the surgical saw blade
provided in step a) wherein the aéditioﬂél number of teeth of '
the saw blade provided in steb a)«arelat leasg two_additional
teeth haying‘tips;

6. The method of claim 4 wherein the surgical saw blade
provided in step a) wherein the addifionél number of teeth of
the saw blade‘provided in step a).are bétwesn at least'two
additional teeth having tips ;nd'five additional teeth having
tips.

7. The method of claim 4, wherein the angle opposite each
éach hypotenuse of the teeth provided in step a) is greater than
90°

8. A method of cutting bone comprising the éteps of:

a) prqﬁi&ing a surgical éaw blade having a proximal end
configured to couplé to a surgical bone saw, a distal end‘having
a plurality of substantially identical teeth having tips for
cutting bong, eaéh éf the plurality of teeth ending in a tip

. distally and a centrally positioned long axls between the
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proximal end and the distal end and wherein said distal end a
plurality of substantially identical teeth for cutting bone
include at ;east one pair of teeth.having tips for cutting bone
which areAconfigured to be adjacent to each other and wherein
one of the pair of teeth has a hypotenuse which is oriented at
least oﬁe of towards and away:from.the centrally positioned long
axis and the éther of saild pair of teeth has a hypotenuse which
is o;iented‘in a direction oppqsite to thé hypotenuse of said
one of the pair of teeth and wherein the tips are arrayed
substantially on a taﬁgent perpendiculanﬁt0~the centrally
positioned long axis, and wherein said éistal end has extending
from'each of said pair of teeth at least one additional tooth
having a tip for cutting bone which is substantiall§ identically
.shaped‘as gjright triangle ingluéing a hypotenﬁse and an angle
opposite the hypotenusé with a hypotenuse which is oriénted in
the same diféction as the hypotenuse of the adjacent tooth
defining said pair oflteeth and whergin the tips of the
additional te%th-are arrayed substaptially on é tangent
perpendicﬁlar to the centrally positioned long axis;

b) cbupling the surgical saw blade to a surgical saw;

C) agguating the surgilcal saw with the coupled saw blade;

and
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d) cutting the bone,

9. The method of claim 8 whereih the surgical saw blade
provided in step a) wherein the additional number of teeth of
the saw blade provided in step a) are at least two additional
| teeth having tips.

10. The method of claim 8 wherein the surgical saw blade |
provided in step a) wherein the additiona@ number of teeth of
the saw blade provided in step a) are between at least two
additional teeth having tibs and five additional teeth having
tips.

11. The method of claim 8, wherein’ the angle opposite each

each hypotenuse of the teeth provided in step a) is greater than

80
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