Ceram c M crokeratone Bl ade Assenbly Background of the
Invention: 1. Field of the Invention: The present
WO pooénoiioh rel ates to bl ade assenblies for usePCTUS2004/019834

m crokeratones. In particular, the present invention
is related to a ceram c bl ade assenbly for use in
m cr okerat onmes. 2. Description of Related Art: The use
of m crokeratones having bl ades or bl ade assenblies
for use in ophthalmc surgery is well known in the
art. Typically, the m crokeratonme bl ades and bl ade
assenbl i es have been fabricated fromcomercially
avai | abl e r Qeramiadlicsokekatome Blade Asssmpllysti c
materials, such as Delrin(r) attached to the
fabricated bl ade. One such bl ade assenbly is described
in L. Pat en 51,009 .t0 Hell enkanp, et al., which
pat@ﬂ?kggoﬂgﬁé?ﬁﬂ%ﬁ%Y%ﬁf’g?’ed inits entirety by
reference. Wile these netal, razor-bl ade based
asdenb| Féaldof 8he veptiedi si on cuts of corneal tissue,
particularly in forming a flap for LASIK
(1 aser - assi sThelprasesi invendionaeleias te ipads) assgmglies for use in
woul d be desirable to

microkeratomes. In particular, the present invention is related to a ceramic

blade assembly for use in microkeratomes.

2. Description of Related Art:

The use of microkeratomes having blades or blade assemblies
for use in ophthalmic surgery is well known in the art. Typically, the
microkeratome blades and blade assemblies have been fabricated from
commercially available razor-blade stock with holders of plastic materials,
such as Delrin® attached to the fabricated blade. One such blade assembly
is described in U.S. Patent 6,051,009 to Hellenkamp, et al., which patent is

herein incorporated in its entirety by reference.

While these metal, razor-blade based assemblies provide
precision cuts of corneal tissue, particularly in forming a flap for LASIK
(laser-assisted in-situ keratomileusis) surgery, it would be desirable to

provide a microkeratome blade assembly that would not require the cleaning



provide a m crokeratone bl ade assenbly that woul d not
requi re the cl eani ngand polishing presently required

wao eooseoqes f ormed on the metal bl ades during  PCT/US2004/019834
manufacture. In addition, it would be desirable to
have a bl ade assenbly that provided a very precise
bl ade extension for operating in a mcrokeratone to
provi de an extrenely precise depth of cut that is
repeatabl e fromblade to blade. This extrenely precise

dephid pblishitg prebeérely reGuiredtb el fegfolhad enend fiesdl ®hdesiddeing
provided in the keratone bl ade designed to be used
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assenbly materials have been suggested in the prior

ar t hap Prdvided dNeé§ blr&cisy bIS&S BXbAsiOR fR'oPelling ishone
materials such as di anonds or sapphires. EXanpl es of
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and other materi a m cr oker at one ade assenbl i es
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Kl opot e or surglcal mcrotones,
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m o8 Bl age Bdeh Qo BEb M Sud et innSRRIAZbEge dpgiongd o
i SS t 1 Al a cutting blade and
cutéjﬂgﬁa&g}'@é% L%s@%r'%ﬁ@'?'%\b\ﬁﬁftcgﬁ%ach of these patents
suggest using a cutting blade or an entire cutting

bl ade assenbly forned of ceram c nmaterial, none of the

above Other blade and blade assembly materials have been

suggested in the prior art, such as plastic or ceramic or precious stone
materials such as diamonds or sapphires. Examples of such patents
suggesting the use of ceramic materials and other materials for
microkeratome blade assemblies are U.S. Patents 6,030,398 and 6,099,541
issued to Klopotek for surgical microtomes, U.S. Patent 6,447,526 issued to
Carriazo for a disposable microkeratome blade housfng, and U.S. Patent
6,540,760 issued to Austring, et al. for a cutting blade and cutting blade
assembly. While each of these patents suggest using a cutting blade or an
entire cutting blade assembly formed of ceramic material, none of the above
prior art describes or discloses such a microkeratome blade assembly, let
alone a microkeratome blade assembly providing a precise blade extension

while also being inexpensive to manufacturer and assemble for use in known



prior art describes or discloses such a m crokeratone

bl ade assenbly, let alone a m crokeratone bl ade
w@z®emniily3 provi di ng a preci se bl ade ext ensi on IN/U82004/019834

al so being inexpensive to manufacturer and assenbl e

for use in knownm crokeratonmes such as the

Hansat one(tm avail able from Bausch & Lonb

I ncorporated. Therefore, it would be desirable to

provi de a m crokeratone bl ade assenbly nmade of ceramc

mat aticrokeratumiepsuavi adetie ManexionTe layaikibheirem BHuade & Lomb
extension and yet is relatively cheaply and easily

manifoaaioiated. Brief Description of the Drawings: FIG
lis aside viewof a prior art mcrokeratone bl ade
assenbly; FIG 2 is a side view of a m crokeratone
assembly in accordance with the present invention;

FIG 3 is an mepberest wdulteby b8¥radle ﬁfbré{nﬁs%ﬂﬁfc?okeratome

embodi ment in accordance with the present invention:
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enbodi nent in"accordance with the present I nvent
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Brief Description of the Drawings:

FIG. 1 is a side view of a prior art microkeratome blade
assembly;

FIG. 2 is a side view of a microkeratome assembly in
accordance with the present invention;

FIG. 3 is an exploded side view of an alternate embodiment in
accordance with the present invention;

FIG. 4 is an exploded view of yet another alternate
embodiment in accordance with the present invention;

FIG. 5 is a top view of a microkeratome blade assembly in
accordance with the present invention; and

FIG. 6 is a partial view of a cutting head assembly with a
cutting blade assembly in accordance with the present invention held within

a cutting head assembly.



accordance with the present invention; and FIG 6 is a
partial view of a cutting head assenbly with a cutting
whb@deorssenbl y in accordance with the presentPCT/US2004/019834
invention held within a cutting head assenbly. Detail ed

Description FIG 1 shows a side view of a prior art

m cr oker at one bl ade assenbly such as that described in
U S. Patent 6,051,009. The m crokeratone bl ade
assenbly 10 includes a netal cutting blade 12 which is

t ypDedhiled pesesidiem commerci al ly avail abl e
razor-bl ade st oclé and a bl ade hol der 14 attached to
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results i aegl ade extension shown at 18 for bl ade

assWRIsAYY ebraa@esialRyplAbla Fzogblade stagkenand a blade
factor in determning the depth of cut in a patient's
ey eNQIf@n!4 aitaghed de thesailing Blade 12.5 Blasiedhalder 44 is typically

m crokerat one, such as the Hansatonme(tm avail able

f r ofermead o€ A piasti mateniad.giush regtRain® or other suitable plastics.

Typically such prior art assemblies had posts 16 extending from blade holder
14 that passed through the blade assembly 12 and are cold or heat staked
to the blade assembly 12. Such staking results in a blade extension shown
at 18 for blade assembly 10. The blade extension 18 is the major factor in
determining the depth of cut in a patient’s eye when the blade assembly 10
is used in a microkeratome, such as the Hansatome™ available from

Bausch & Lomb Incorporated.

The depth of cut in turn determines a corneal flap thickness
that is formed prior to LASIK surgery. The corneal flap thickness is of
particular importance to a refractive surgeon, in that a surgeon needs to
know the flap thickness in order to determine the amount of corneal tissue
available to be ablated by a laser safely, without causing post-operative

problems. Attempts have been made in the prior art to control the blade



The depth of cut in turn determ nes a corneal flap

thickness that is forned prior to LASIK surgery. The
weerseal17d | ap thi ckness is of particul ar i nporPERUS20040019834

a refractive surgeon, in that a surgeon needs to know

the flap thickness in order to determ ne the anmount of

corneal tissue available to be ablated by a | aser

safely, w thout causing post-operative problens.

Attenpts have been made in the prior art to control
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with the present invention 20. Bl ade assenbly 20
holder.

The present invention enables a very precise blade extension

to be achieved as described below in relation to FIGs. 2 — 5.

FIG. 2 shows a side elevation view of a microkeratome blade
assembly in accordance with the present invention 20. Blade assembly 20
preferably includes a ceramic blade 22 with a forward cutting edge 24.
Preferably a blade holder 26 is formed by ceramic portion 28 which forms a
lower portion of blade holder 26 and is integral to ceramic blade 22 and an
upper blade holder portion 30 formed of Delrin® or other suitable materials is
attached to the lower blade holder portion 28, such that the upper blade
portion is structured for operable engagement with a microkeratome

oscillation mechanism (shown at 84 in FIG. 6). The microkeratome



preferably includes a ceramc blade 22 with a forward
cutting edge 24. Preferably a bl ade holder 26 is

WO eooswab1y cerami c portion 28 which fornms a | OREF/US2004/019834
portion of blade holder 26 and is integral to ceramc
bl ade 22 and an upper bl ade hol der portion 30 forned
of Delrin(r) or other suitable naterials is attached
to the | ower bl ade hol der portion 28, such that the
upper bl ade portion is structured for operable
engageintioh rédhanBmyityicHIg aatcaaent@s eivoting bPne H 861
(shown at 84 in FIG 6). The m crokeratoneosci!||ation
mec Biadwis &% dayipiined? h |G, eccentric pivoting pin,
engages a slot shown as dash line 32 in FIG 2.
Preferably, blade 22 and | ower bl ade hol der portion 28
are fornmed in a single process, such that | ower

portion 28 i prbfrsdly, %lad@@ér@&j%m%?bléa@%kfé?r BH¥ 2B are
nmonol ith. The technology is preferably avai l abI e from
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or Sat‘ahes?dr?a%le%4t&?ower blade holder portion 28. The blade extension
distance is shown at 36. As previously mentioned, this blade extension is
the major factor in determining the flap thickness created by the
microkeratome prior to LASIK surgery, and thus, the more precisely the
blade extension length 36 that can be maintained from blade to blade, the
more consistent the flap cuts will be from patient to patient. A bottom
surface 38 of blade 22 preferably forms a second datum surface. Preferably,
datum surfaces 34 and 38 are urged by a microkeratome against mating
surfaces within a cutting head of the microkeratome. In this way, the blade
extension 36 used will be precisely the same from blade to blade in that the
blade will not be allowed to move away from contact with the microkeratome

cutting head. The technology available from MEMX Inc. allows the blade

extension distance 36 to be controlled within sub-micro tolerances and



bl ade extension |length 36 that can be maintained from
bl ade to bl ade, the nore consistent the flap cuts wl|l
wheookoanrpati ent to patient. A bottom surface BSI/U8§2004/019834

bl ade 22 preferably fornms a second datum surface.
Preferably, datum surfaces 34 and 38 are urged by a

m cr oker at ome agai nst mating surfaces within a cutting
head of the mcrokeratonme. In this way, the bl ade
extension 36 used will be precisely the same from
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to nove away from contact with the m crokeratone

CUt ékt@ﬂsnﬁﬁ@grlll og,gﬁr ﬁ&ﬁm&ggﬂéﬁéﬂ' | abl e from MEMX I nc.

ext ensi on stance 36 to be
cont rolled within sub-mcro tol erances andt herefore,
essentially assures that no detectable difference in
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microkeratome cutting head assembly. Cutting blade assembly 20 also
preferably includes an access opening 42 for receiving an insertion tool for

assisting in the insertion of cutting blade assembly 20 into a microkeratome

cutting head assembly.

Preferably, upper blade holder portion 30 is attached to lower
blade holder portion 28 by a suitable adhesive and additionally may include

structures such as that described below with regard to FIGs 3 and 4.

FIG. 3 shows an alternate embodiment in accordance with the
present invention and includes a cutting blade assembly 42 shown in
exploded side elevation view. Assembly 42 preferably includes a ceramic

blade 44 with a cutting edge 46 and has an integral ceramic lower blade



assisting in the insertion of cutting bl ade assenbly

20 into a mcrokeratone cutting head assenbly.
woe@bmoEn y, upper bl ade hol der portion 30 i s BCT/EHS1984019834

to | ower blade hol der portion 28 by a suitable

adhesive and additionally may include structures such

as that described below wth regard to FIG 3 and 4.

FIG 3 shows an alternate enbodi nent in accordance

with the present invention and includes a cutting

bl aggidasssrbh %8 4imifdh @vthak e SofiBb8 @88V AR r&)RY 8 FRR 2. In
view. Assenbly 42 preferably includes a ceram c bl ade
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54. In addition, other attachment means may be used such as screws or
bolts. Also, such known methods of attachment, such as cold staking and

heat staking may be used.

Upper blade holder portion 54 also preferably includes a slot

56 for receiving an oscillation pin of the microkeratome and an insertion tool
opening 58 for receiving an insertion tool. It is noted that the cutting bevel of
FIG. 3 beginning at cutting edge 46 is in the opposite orientation of that
shown in FIG. 2. The orientation that is desired depends on the cutting head
assembly and the relation between the leading edges 46 and 24 to the
aplanation portion of a cutting head assembly of a microkeratome. Likewise,
if a double bevel microkeratome blade were to be incorporated such as that

known in the prior art with razor-blade stock, this again would alter the



bolts. Also, such known net hods of attachnment, such as
col d staking and heat staking may be used. Upper bl ade
whododeeoipdrti on 54 al so preferably includes a BEDUSHE4/019834

for receiving an oscillation pin of the m crokeratone

and an insertion tool opening 58 for receiving an
insertion tool. It is noted that the cutting bevel of

FIG 3 beginning at cutting edge 46 is in the opposite
orientation of that shown in FIG 2. The orientation
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and the rel ati on between the | eadi ng edges 46 and 24

to bmi@oﬂhgqﬁgir@@ﬂ@@frﬁ&@@sy a cutting head assenbly
of a mcrokeratone. Likew se, if a double bevel

m cr oker at one bl ade were to be incorporated such as
that known in the prior art wth razor-bl ade stock,

this again wb%?gb@ts siiﬂgﬁ?ﬂgfeélfe)fné}g%ﬁgﬁgﬁ%ﬁtgrlé a%o\é&ance

to the cutting he asse require rovi
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holder portion 72. Again as described above several means of attaching
upper blade holder portion 72 to lower blade holder portion 68 may be
utilized. As before, upper blade holder portion 72 preferably includes

oscillation pin slot 74 and insertion tool access 76.

FIG. 5 shows an upper view. of cutting blade assembly 20. As
shown, it is preferred that forward datum surface 34 is forward of upper
blade holder portion forward surface 40. The upper blade holder portion 30
is shown to be co-extensive with the footprint of lower blade holder portion
28, but could be made to extend beyond the sides of and to the rear of blade
holder portion 28. However, it is important that in order to maintain precise

blade extension as described above, that datum surface 34 be the leading



hol der portion 72. Again as described above severa
nmeans of attachi ng upper bl ade hol der portion 72 to
wo owenodarade hol der portion 68 may be utili zedPCHES2004/019834

bef ore, upper bl ade hol der portion 72 preferably

i ncludes oscillation pin slot 74 and insertion too

access 76. FIG 5 shows an upper view of cutting bl ade
assenbly 20. As shown, it is preferred that forward

datum surface 34 is forward of upper blade hol der

POr EHEE of PEVRktthgBEdBESseftbly Fb ehat em%cebé@&ﬁ—u&% @&hating
portion 30 is shown to be co-extensive with the

f ook piddd in@he LONRG nBLAEEsMWIPBI a RiEbk&Bioffe. but coul d
be made to extend beyond the sides of and to the rear

of bl ade hol der portion 28. However, it is inportant
that in order to nmaintain precise bI ade extension as
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reci se bl ade extension
P prov%ed by tﬁe current invention.

Forming the entire blade holder 26 of ceramic would be very
difficult if not impossible and would greatly increase the expense of
manufacturing a cutting blade assembly. This is because of the angles

which would need to be formed in the ceramic are difficult to produce.

FIG. 6 shows a partial view of a cutting head assembly 78
containing cutting blade assembly 20 as can be seen from FIG. 6 datum
surfaces 34 and 38 abutt mating surfaces 80 and 82 in the cutting head
assembly 78 when oscillation pin 84 exerts force downwardly against cutting
blade assembly 20. In this manner, precise blade extension is maintained

during use of cutting blade assembly in cutting head assembly 78.
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provi ded by the current invention. Form ng the entire

bl ade hol der 26 of ceramc would be very difficult if
wmoedosiompaessi bl e and woul d greatly increase thePERpPS2IS€019834

of manufacturing a cutting blade assenbly. This is

because of the angles which would need to be forned in

the ceramc are difficult to produce. FIG 6 shows a

partial view of a cutting head assenbly 78 contai ni ng

cutti ng bl ade assenbly 20 as can be seen fromFIG 6

dat p ﬁh aces 34 and 38 abutt mating surfaces 80 and

82 |n the cutting head assenbly 78 when oscillation

pin 84 exerts force downwardly against cutting bl ade

assenbly 20. In this manner, precise blade extension

i s mai ntained during use of cutting bl ade assenbly in

cut 1i ng Aeatling dtasietasgemlyl foQiss ima rhicrakeratbtrienepniydrisiteg:

assembly for use in a mcrokeratonme conprising: a

ceram c dtedeiic biadadhaglireg & forwarddcudtinid edge;edge; a

| ower portion of a blade holder forned of ceram c and

I nt egr al a fowelr pertivarazi tadd ksléer farmkedor cgppdic dridadgral to the

hol der portion attached to the | ower bl ade hol der

portion. ceramic blade; and

an upper blade holder portion attached to the lower blade holder

portion.
2. The invention of claim 1 wherein the forward cutting edge is a single
bevel.
3. The invention of claim 2 wherein the forward cutting edge tapers from

a top surface of the ceramic blade to a bottom surface of the ceramic

blade.

4. The invention of claim 2 wherein the forward cutting edge tapers from

a bottom surface of the ceramic blade to a top surface of the ceramic

blade.

11



2. The invention of claim1 wherein the forward

cutting edge is a single bevel. 3. The invention of
w@b@sov@7sherein the forward cutting edge tapePGI/U8mn3/e19834

top surface of the ceramc blade to a bottom surface

of the ceramc blade. 4. The invention of claim2

wherein the forward cutting edge tapers froma bottom

surface of the ceramc blade to a top surface of the

ceram c blade.5. The invention of claim1l wherein a

forgard s hasmiddloftclim! 10N8sre M RfRwWERI dfface of tHeQBwaiblade
a bottom surface of the ceram c bl ade are datum

sur f acesndi@dr P aritda HE&&)IHQ;U%EE&SFME%eHﬂmé blade are datum
m cr okeratone cutting head assenbly for achieving

preci se Q| ades ’F’di'ta%[]ﬁlhﬁ'?néﬂh | S ,rpﬁf, mticl}SIiera ome cutting head

mcrokeratoms The~i nve thI’] 0] alm erelrn

upper g) écrﬂé’wﬁé ﬁ%dd%etg}%&@éﬂgﬁsiéfrﬁ {Iﬁ ust6i'the

bl ade h fon W ention

of clai anecod'{éﬁéetgtng the upper bl ade hol der portion is

attache ower bl ade hol der portion via a press
fit between a post of the | ower blade hol der portion
and a mating recess of the

6. The invention of claim 1 wherein the upper blade holder portion is

attached to the lower blade holder portion with adhesive.

7. The invention of claim 1 wherein the upper blade holder portion is
attached to the lower blade holder portion via a press fit between a
post of the lower blade holder portion and a mating recess of the

upper blade holder portion.

8. The invention of claim 1 wherein the upper blade holder portion is
attached to the lower blade holder portion via a press fit between a
post of the upper blade holder portion and a mating recess of the

lower blade holder portion.

12



upper bl ade hol der portion. 8. The invention of claim
1 wherein the upper blade holder portion is attached

wa eooshe1rdwer bl ade hol der portion via a pressPEi/US2004/019834
bet ween a post of the upper bl ade hol der portion and a
mati ng recess of the |ower blade hol der portion.9. The
invention of claiml1l wherein the upper bl ade hol der
portion is fornmed of plastic. 10. The invention of
claim 1 wherein the upper blade hol der portion

| nchudesTige fhBhtidrP5f digimes whé‘r%jrﬁ‘t'ﬂeg@gla} biabd ﬂﬁ;gl% B?rggm is

the m crokeratone. 11. A cutting de asse

use in afo%ggg}r(%rgﬁa&ne conprising: a ceram c bl ade

i ncluding a cutting edge; a |ower portion of a
bl ade hol der forned of ceram c and together with the
ceram c blade formng a nonolith, the | ower bl ade

hol der ' i nc i. [ f - .and
oo 0 PPl SRl ordfHiilth Brein b dpRal HEE HREEF Bopuph

bl ade hol der, porti.on incl.uding a,forward,.surface at._a
di st anceFRORT BRIt Al EreYNE 8 @sEHaton ih gf fig miEtpksfatorte.
greater than a distance fromthe cutting edge to the
forward datum surface of the | ower bl ade

11. A cutting blade assembly for use in a microkeratome comprising:

a ceramic blade including a forward cutting edge;

a lower portion of a blade holder formed of ceramic and together with
the ceramic blade forming a monolith, the lower blade holder
portion including a forward datum surface; and

én upper blade holder portion attached to the lower blade holder
portion including a forWard surface at a distance from the
cutting edge that is equal to or greater than a distance from the
cuﬁing edge to the forward datum surface of the lower blade

holder portion.

12.  The invention of claim 11 wherein the forward cutting edge is a single

bevel.
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hol der portion. 12. The invention of claim1l wherein
the forward cutting edge is a single bevel.13. The
w0 pwsnodiah of claim 12 wherein the forward cuteCTUSHAye19834

tapers froma top surface of the ceranmic blade to a
bottom surface of the ceram c bl ade. 14. The invention

of claim12 wherein the forward cutting edge tapers
froma bottom surface of the ceramic blade to a top
surface of the ceram c bl ade. 15. The invention of

cl ahp 11TMdpientibréoffciimerdyssreinane fefvatdsuttisyBigdtzpdas
hol der portion and a bottom surface of the ceramc

bl ade argofat %F]sﬁlcfééeaéﬁﬁefcéfanﬂ@ Widden8 aMB¥ttoRDs ffdch ©F tHef
in a mcrokeratone cutting head assenbly for achieving

preci se Mlaf& mxd&ensi on during use of the
m crokeratone. 16. The invention of claim 11l wherein

t he upper bl ade hol der portion is attached to the
| ower bl ade hol der portion with adhesive.17. The

por fon |20 oy PURB LR hdloliifip HRER edfif el BPbr
via a prﬁ&‘ﬁ flﬁ()tttopr%d}%ecg o?t%ogéraf?w Blgtﬁe k og\%p QJ,-%@S of the

hol der portion and mat1 ng rece
ceramic blade.

15.  The invention of claim 11 wherein a forward surface of the lower
blade holder portion and a bottom surface of the ceramic blade are
datum surfaces for abutting mating structure in a microkeratome
cutting head assembly for achieving precise blade extension during

use of the microkeratome.

16. The invention of claim 11 wherein the upper blade holder portion is

attached to the lower blade holder portion with adhesive.
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upper bl ade hol der portion. 18. The invention of claim
11 wherein the upper blade hol der portion is attached
wa eooshe1rdwer bl ade hol der portion via a pressPEi/US2004/019834
bet ween a post of the upper bl ade hol der portion and a
mati ng recess of the |ower blade holder portion. 19.
The invention of claim 11l wherein the upper bl ade
hol der portion is formed of plastic. 20. The invention
of claim 11 wherein the upper blade hol der portion

i nchydestis Bliiiondr Jih el MvigeRhO BEper B dPRolBEMpdHion is
t he m cr oker at one.
attached to the lower blade holder portion via a press fit between a
post of the lower blade holder portion and a mating recess of the

upper blade holder portion.

18.  The invention of claim 11 wherein the upper blade holder portion is
attached to the lower blade holder portion via a press fit between a
post of the upper blade holder portion and a mating recess of the

lower blade holder portion.

19.  The invention of claim 11 wherein the upper blade holder portion is

formed of plastic.

20. The invention of claim 11 wherein the upper blade holder portion

includes a slot for receiving an oscillation pin of the microkeratome.
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