M cr okeratonme Cutting-Bl ade Assenbly Using Staking and
Adhesi ve Background of the Invention 1. Field of the
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| S"I Field of the Invention:
The present invention relates to cutting-blade assemblies and
specifically, cutting-blade assemblies for use in a microkeratome for use in

ophthalmic surgery.

2. Description of the Related Art:

Laser-Assisted In-situ Keratomileusis or LASIK surgery has
become a widespread and effective eye correction surgical procedure in the
last several years. Before a laser ablates a portion of a patient's corneal
tissue to correct that patient’s vision, a flap of the patient’s cornea must be
formed.

A typical cornea, on average, is about 520 microns thick. A
typical flap thickness for the corneal flap, that is formed prior to laser ablation
and LASIK surgery, is desired to be on the order of 160 to 200 microns. As is
well known, these corneal flaps are made using microkeratomes that travel in

a linear, arcuate, or even in a horizontally hinged path. A microkeratome



wel | known, these corneal flaps are nmade using
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m crokeratonetypically cuts the corneal flap using a

cutting-bl ade assenbly made with standard razor bl ade
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whi ch are precisely manufactured to obtain different
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from Bausch & Lomb Incorporated. After the corneal thickness measurement
has been obtained, depending on the surgeon’s preference and the amount of
correction needed, a flap thickness determination is then chosen by the
surgeon.

Typically, in the prior art, each microkeratome comes with a
variety of cutting heads, which are precisely manufactured to obtain different
flap thicknesses, such as cuts of 160 microns, 180 microns, and 200 microns.
Again, in the prior art, a single cutting-blade assembly has been used with
these different precision cutting heads to obtain the different flap thicknesses.

One variation to this is from Med-Logics, Inc. Med-Logics

currently manufactures LASIK blades, which consist of a plano or nominal

length blade and a plus and a minus blade, wherein the blade extensions vary



Again, in the prior art, a single cutting-blade
assenbly has been used with these different precision
wa@eaosiosgsheads to obtain the different flap  PCT/US2004/040820
t hi cknesses. One variation to this is from Med- Logi cs,
Inc. Med-Logics currently manufactures LASIK bl ades,
whi ch consi st of a piano or nomnal |ength bl ade and a
plus and a m nus bl ade, wherein the bl ade extensions
varyfrom the piano extension either plus or mnus 20
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the doctor to produce a flap of thinner or thicker
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the bl ade extension of the cutting head of the
cutting-bl ade assenbly. The bl ade extension is defined
as the distance fromthe cutting tip of the blade to
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y has only recently becone understood. The

holder. A microkeratome cutting head is precisely machined to applanate the
cornea a given amount and to hold the blade holder within fairly tight
tolerances. However to this point, the blade extension has not been held to a
tight enough tolerance to give a consistent flap thickness cut. The criticality of
the blade extension consistency has only recently become understood. The
importance of blade extension consistency and a method of achieving such
consistency are described in detail in co-pending U.S. Patent Application
10/334,358, filed December 30, 2002, and entitled Microkeratome Cutting
Blade Assembly and is hereby incorporated in its entirety by reference. It has

always been a goal to provide a consistent and predictable flap thickness with

a given cutting-blade in a given microkeratome cutting head.



I mportance of bl ade extension consistency and a net hod
of achi eving such consistency are described in detail
w0 p0osoe(sendi ng U. S. Patent Application 10/ 334, BEBUS2004/040820
filed Decenber 30, 2002, and entitled M crokeratone
Cutting Blade Assenbly and is hereby incorporated in
its entirety by reference. It has al ways been a goal
to provide a consistent and predictable flap thickness
with a given cutting-blade in a given m crokeratone
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the patient’s vision without complications such as halos.

While it is easy to obtain a corneal thickness measurement
before LASIK surgery, it has proven extremely difficult to measure corneal
thickness of an eye with a corneal flap laid back over, and it is equally difficult
to obtain a reliable corneal flap thickness measurement due to changes in
hydration of the corneal flap and the cornea which occur quite rapidly under
the surgical lights of an operating room.

If the corneal flap is thinner or thicker than desired by the
surgeon and a patient’s cornea is on the thin side to begin with, then serious

complications could result from a flap that is thicker than desired. Therefore,

it is desirable to provide a microkeratome cutting-blade assembly having a



t hi ckness of an eye with a corneal flap |laid back

over, and it is equally difficult to obtain a reliable
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hydrati on of the corneal flap and the cornea which

occur quite rapidly under the surgical lights of an

operating room If the corneal flap is thinner or
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Brief Description of the Draw ngs

robust but yet economical to manufacture.

Brief Description of the Drawings

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

FIG. 2 is a bottom view of FIG. 1;

FIG. 3 is a bottom view of a cutting-blade assembly in
accordance with the present invention; and

FIG. 4 is a perspective view of an alternate embodiment of a

cutting-blade assembly in accordance with the present invention;

Detailed Description of the Drawings

FIG. 1 shows a microkeratome cutting-blade assembly 10 in

accordance with the present invention. Assembly 10 includes a cutting-blade



FIG 1 is a side view of a prior art cutting-bl ade
assenbly; FIG 2 is a bottomviewof FIG 1; FIG 3 is
W@ 2061060381 vi ew of a cutting-bl ade assenbly in PCT/US2004/040820
accordance with the present invention; and FIG 4 is a
perspective view of an alternate enbodi nent of a
cutting-bl ade assenbly in accordance with the present

i nvention; Detail ed Description of the Drawings FIG 1

2 inba Bledaincierid Tretelo e el shcenze n‘ﬁ%‘%?a*ii'g blade

|ncludes a cutting-bladel2 and a bl ade hol der
atholdatdd is gttpenedd tCLUFtWQ gdeyt? theougbraiy aperiure or mr%taﬂ@ -hole

hol der, 14 is attached to cutting-blade 12 through an

a;ﬁ'é cutipg-tigde; 1 Glﬁ’éﬁhw)é/'ﬁ* pogt mqthﬁj' 1% thrasigh 2 Q%monly

shown) vi a@[;gst menber 16 through a commonly known

preevaLecedud skeh At heatstating gHowpxesether oeaRy ofaltaggment,

of attachnment, such as cold staking, or other neans

arseichlascolshsisking.cor atherrennsi asn alsornossibler tlneediieasthaot

need to be a through-hole but rather could be nating

i repenusg degssneimged 40 be@ thwugh-dele hul rather enuidibe matingr

and bl ade, as is known. Preferably, a blade extension

r épdersatinrednsyraisetipertions in thedvader flderdanddladie, lsisris known.
Preferably, a blade extension represented by number 18 is controlled to within
at least six (6) ten — thousandths of an inch of a target extension length for
assisting and providing a consistent, predictable corneal-flap thickness. Blade
extension 18 may also be measured from a front surface of holder 14 to a line
parallel to the front surface and passing through the cutting tip of blade 12.
Such tight tolerances and blade extensions may be very important as
explained in detail in the above cited co-pending patent application. After
staking, such as by the preferred heat staking, voids or gaps may form
between the blade holder 14 and cutting-blade 12 as shown at 19. These
gaps 19 are shown for illustrative purposes only. The gaps 19 in practice may

not be seen from a visual inspection. These gaps reduce the strength of the

possible bond between the holder 14 and blade 12. In fact, under certain



at least six (6) ten - thousandths of an inch of a
target extension length for assisting and providing a
W@ omsiostsent , predi ctabl e corneal -fl ap thi cknesBCT/BEz2d€040820

extension 18 may al so be neasured froma front surface
of holder 14 to a |line parallel to the front surface
and passing through the cutting tip of blade 12. Such
tight tol erances and bl ade extensions nmay be very
i nportant as explained in detail in the above cited
c sopditigna ¢hepbenrcmay ppl e sirenerenongh é\ﬂthwsémeﬁg,sta%lue fe Beld
by the preferred heat staking, voids or gaps may form
bdbewight tolesansiesiesiied. dEesepaps @re abyrnigdusnt gflachigvingthe
shown at 19. These gaps 19 are shown for illustrative
pudesiyse sigbhhigde Fxiengjap tolaranees. prhigisihesausg thedroshwendben 16
froma visual inspection. These gaps reduce the
stmestdrenmoveatie wiibis $hdtheoughniable 60 kst @ pracisé blade extemsion
and bl ade 12. In fact, under certainconditions the
baad beagchieted) these isairgplymotighought hafetialtin ipeat 114 takill ) the
to hold the tight tol erances desired. These gaps are a
bygamsoduct of achieving the desired tight blade
extension tol erances. This is because the post nenber
16 nust be MGeABebottonhviswtdithd sseudity hobEFID 1t e Hade
preci se bl ade extension can be achieved; there is
si1pkyldateid Beepest 16edfébidal 14 asphsivn 1 The tvizw of FiGaRlis after
gaps.

the heat staking, and in this way notches 20 are partially seen. The purpose

of notches 20 is to allow the material of post 16 upon heat staking to flow into
the notches 20 and ensure attachment of the blade 12 to the blade holder 14
and the blade holder of the present invention. However, it may be preferable
not to form notches 20 in blade 12. Preferably, blade holder 14 is made of
Lubiloy™ and is molded or machined. Lubiloy™ is a polycarbonate material,
which is preferred for blade holder 14, though any known suitable material is
acceptable for blade holder 14, such as Delrin™. As previously discussed,
cutting-blade 12 is preferably formed from razor blade stock widely available
from a number of manufacturers, though a number of other materials are also

possible.



FIG 2 is a bottomview of the assenbly 10 of FIG 1.
The bl ade 12 is placed over post 16 of holder 14 as

W@ badn60sThe view of FIG 2 is after the heat sPERUAZPI4/040820
and in this way notches 20 are partially seen. The
pur pose of notches 20 is to allow the material of post
16 upon heat staking to flow into the notches 20 and
ensure attachnent of the blade 12 to the bl ade hol der
14 and the bl ade hol der of the present invention. _
However, it Figy3sBows afcettingthiagmassembio hinmnacefiaacowith
in blade 12. Preferably, blade holder 14 is nade of
L uthiel m%een’fy'n\mﬁom-sArmrSé@én@er Aachblade holdab3d yrefgyahly heat
a polycarbonate nmaterial, which is preferred for bl ade
hoorienld staked it agftingrhladi Bdvin aguannsdeserivediin tle ahove cited
acceptabl e for bl ade holder 14, such as Delrin(tm. As
pr ex-pendihg agplicaties sxformuouttingepladenasseirbly 31.pPefenablyl post
formed fromrazor blade stock wi dely available froma
numeeatbeo 32nmhedtatdkedeo sutting-dlayte 3¢ aithebesero35mt 425° F at 10
materials are al so possible.FIG 3 shows a
c upsiiand-rhdstiheefambnditi 4253 E, | Adlzesiver 3is diesnadliet he blade
present invention. A post nenber 32 of blade hol der 33
i sagyepitdy 3blty fihgass imstween thesitladeHoltier 33iad agtilg-bibele 34 for
in a manner described in the above cited co-pending
apforinirdf a stioriger bondntieint dannge: ddhesled adibestdling 8ibne. Adhesive
Preferably, post

36 is applied by any known method from a source 38 and is preferably #4304
available from Loctite but may be other adhesives suitable for surgical
applications. Capillary action is believed to draw adhesive under the
deformed post 32 and aids in adding lateral and axial strength to the
assembly.

A gap must exist between the post 32 and through-holes (not
shown) in cutting-blade 34 to allow the desired tight tolerance on blade
extension to be achieved in a manufacturing environment. During assembly,
as described in the cited co-pending application, the holder 33 moves relative
to the blade 34 so that the desired blade extension can be achieved be

staking the holder 33 to the blade 34. It has been found that because of the



menber 32 is heat staked to cutting-blade 34 at
between 350 - 425 F at 10 psi and nost preferably at
wd2®s5m60sgthesi ve 36 is then applied to bl ade aBCEI®BL094/040820

31 to fill gaps between the bl ade hol der 33 and
cutting-blade 34 for formng a stronger bond than can
be achieved with staking al one. Adhesive 36 is applied

by RERFSHN SRR bebversHine MoRt 32 3Rl pullingsBlad 34 e ﬁt@k'@edﬁli got

#4304 avai| able from Loctite but may be other

adfvéigiendly fll n the 08P (@ Fregis g piERNg @Jwgh&mnﬁo rkhas been found

CaHgl Ilary action is believed to draw adhesi ve under
aibeadaitioneh sdhesiveean eiedie g bondaravierp! | tines slrongatthan

axial strength to the assenbly. A gap nust exi st

bethedbond teehieped with staking aradbagjie ﬁl@lnés It this wel dvarfjght hlade

cutting-blade 34 to allow the desired tight tol erance

orextérsien tolergncasatesired bwydehnaintaingédthzoughout epsratianrand

envi ronnment. During assenbly, as described in the

ci usedbfdbe pefidg-htpdemssematéson, the hol der 33 noves

relative to the blade 34 so that the desired bl ade

ext ensi on c#&iGbeskmis av aelierbativet exkivodimehteofreoinibeskeBdome

the blade 34. It has been found that because of

t heutirapblade sgamblp &t asonddrite wibisthe pResentlineentionn gk bledeld2

34 heat staking wll not sufficiently fill up the gap

t ds cbraéed tccd bRAEG helev g4 vizosust 461 prefisallle 69 hkatkisking as

described above, in addition to the use of adhesive 49. Adhesive 49 is
preferably the same as adhesive 36. FIG. 4 also shows an insertion tool hole
48, such as known in the prior art and described in U.S. Patent 6,051,009 to
Hellenkamp, et al. Blade 42 has a back datum surface 50 and blade 42 is

keyed by radius 52 being offset along back surface 50.



that the addition of adhesive can create a bond
several times stronger than the bond achieved wth
wa@t@kiosngsdr adhesive alone. In this way the tiptit/ubtoadet0820
extensi on tol erances desired nay be maintai ned
t hroughout operation and use of the cutting-bl ade
assenblies. FIG 4 shows an alternative enbodi nent of
a mcrokeratome cutting-bl ade assenbly in accordance
with the present invention. A blade 42 is connected to
a Clafmnol der 44 via post 46, preferably by heat
st aki ng as descri bed above, in addition to the use of
adhesi ve 49. Adhesive 49 is preferably the sane as
adhesive 36. FIG 4 also shows an insertion tool hole
48, suimpsolerdtel duttirfdEblBdd B8senibly aafpaeser i bed in
U.S. Patent 6,051,009 to Hellenkanp, et al. Bl ade 42
has a Bagkqisrbiger, surface 50 and bl ade 42 is keyed by
radi us 52 being offset al ong back surface 50./ C aim

1. Am |S[Iﬁﬁr_@g@ér%ngutti ng- bl ade assenbly conprises: a
bl ade r?o er; a cutting-blade; and wherein the

cut ti ngzRi@Athd Sutfiid-BRBES sitachBE tPlRdfadhsIgEr tYyndiRat

staking and by adhesive.

2. A microkeratome cutting-blade assembly comprising:
a blade holder
a cutting-blade; and
wherein the cutting-blade is attached to the blade holder by cold

staking and by adhesive.

10



staki ng and by adhesive. 2. A m crokeratone
cutting-bl ade assenbly conprising: a blade hol der a
wa@ aiosiosngshl ade; and wherein the cutting-bl ade PET/US2004/040820
attached to the bl ade hol der by cold staking and by
adhesive.3. A nethod of form ng a m crokeratone
cutting-bl ade assenbly conprising the steps of:
provi ding a bl ade hol der; providing a cutting-bl ade;
staking the cutting-blade to the bl ade holder to form
a 3eut t Argetbpd atfoaviwrmmicrokesaioyiereytinglelgde assemily | |
gaps between the bl ade hol der and the cutting-bl ade
for focempisiag dersdeRsee’ bond t han can be achieved with
staking alone. 4. The nmethod of claim3, wherein the
st aki nprosiding @ hieldedweideneat st aki ng or col d staking.

providing a cutting-blade;

staking the cutting-blade to the blade holder to form a cutting-blade
assembly;

applying adhesive to fill gaps between the blade holder and the
cutting-blade for forming a stronger bond than can be achieved

with staking alone.

4. The method of claim 3, wherein the staking step includes heat staking

or cold staking.
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