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Background of the Invention 1. Field of the Invention
The present invention is directed to a nedical device
used during eye surgery. In particular, the present
invention is directed towards a m crokeratone for
cutting a cornea of a patient's eye and creating a
flap of corneal tissue. 2. Description of Related Art
Laser-assisted in-situ keratonileusis or LASIK surgery
has becorfBaaiiiai r@@llv@oﬁjﬁ@a@mrﬂ@f ol ierpoRrasiiget i ng
refractive errors in a patient's sight. Such LASIK
surgery may elimnate or greatly reduce the need for
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Background of the Invention

1.  Field of the Invention

The present invention is directed to a medical device used
during eye surgery. In particular, the present invention is directed towards a
microkeratome for cutting a cornea of a patient’s eye and creating a flap of

corneal tissue.

2. Description of Related Art

Laser-assisted in-situ keratomileusis or LASIK surgery has
become a fairly common procedure for correcting refractive errors in a
patient’s sight. Such LASIK surgery may eliminate or greatly reduce the

need for the patient to use eyeglasses or contact lenses.



abl ati on occurs in the LASIK procedure, a corneal flap
is commonly formed wth an instrunent known as a
woneroreat ome. A microkeratone is well  knownrPCm/ushm4/008820

art, and generally includes a blade that is manually
pushed or nechanically driven along a path across a
suction ring, which holds the cornea in place during
operation of the mcrokeratone. It is also conmon to
oscillate the cutting blade in a direction transverse
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b
assdillatel frer ¢usiinghblade in a gineciion transverse to a direction of the
cutting path.

Unlike initial microkeratomes that removed a slice of corneal
tissue from the eye, microkeratomes used in LASIK surgery create a flap
with a corneal hinge. In other words, the microkeratome does not remove
corneal tissue from the eye, but rather creates a flap which remains
connected to the cornea of the patient at a hinge. Initially this hinge was
created nasally or on the side of the eye by microkeratomes that traveled in
a straight path across the suction ring. This allowed the main body and
motor of the microkeratome to extend temporally from the patient. In this

way the microkeratome avoided any interference with a patient’s cheek,

eyebrow, or nose during creation of the flap.



was made possi ble by such m crokeratones as descri bed

in US Patent 5,624,456 to Hell enkanp, which
wdes@roopteeon i s incorporated in its entirety bPCT/US2004/008820

reference. Hell enkanp avoided interference with a

patient's anatomy by designing the m crokeratone to

be built vertically with the notor and cutting- head

assenbly directly above the cutting blade and pivoting

across the suction ring. This allowed a superior

hinge to beuibrKBRAABSs iHed db%!o?@& s8 th&tiKe hitBe EBUREHYY
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compact vertical design would even allow a nasal hinge to be formed.

While one embodiment of the Hellenkamp microkeratome has
been a very successful commercial product known as the Bausch & Lomb
Hansatome™, certain improvements to it and other pivoting microkeratomes
are desired. For instance, the gear-track of the Hansatome may lead to
jamming if the gear-track of the suction ring and the gear of the cutting-head
assembly are not perfectly matched or if debris becomes lodged in the gear
teeth. Therefore, it would be desirable to eliminate any gearing between the
suction ring and the microkeratome cutting-head. The gearing also makes it
difficult to mass-produce suction rings and cutting-heads which are
interchangeable, which is highly desired for servicing and repairing the

microkeratomes.
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pi voti ng m crokeratonmes, such as those avail able from
wonoi42986A. and known as CB m crokeratones or RRT/US2004/008820

m cr oker at ones have attenpted to nove the gear-track.

Essentially, a crown gear has been forned on top of

the pivot point in place of the gear- track of the

Hansat one and a wornm worm gear interconnects the notor

and the crown gear. Again, because of the gear
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attempts to overcome this jamming problem of the CB by substituting two
motors to perform the function of one. That is, one motor for pivoting and a
second separate motor for oscillating the cutting blade, thereby having mofe
power available to overcome any gearing mismatch. This is in contrast to
the Hansatome and the CB, which both use one motor for both the functions
of translating the microkeratome across the suction ring and for oscillating
the blade.

It would be desirable to provide a robust microkeratome
design, which uses a compact and less expensive single motor design and
still eliminates or greatly reduces the potential for jamming to occur. A single
motor design is less expensive and potentially more reliable than a design

utilizing two (2) motors, such as the M2.



notor design is | ess expensive and potentially nore
reliable than a design wutilizing two (2) notors, such
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prior art mcrokeratones have avoi ded the potentia

for jamm ng during translation of the m crokeratone

head across the suction ring by sinply elimnating a
translation notor, and thereby, creating a manua

m cr oker at one device which relies on the surgeon to
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flap is direcily related ?o he speed of movement ofetWé cutting-head across

the suction ring. In addition, such prior art manual microkeratomes require a
much more significant learning curve on the part of the surgeon than the use

of an automated microkeratome.

Brief Description of Drawings

FIG. 1 shows an exploded perspective view of a
microkeratome in accordance with the present invention;

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

FIG. 3 is another side view;

FIG. 4 is an elevation of the opposite side of FIG. 3;

FIG. 5 is an elevation view of the opposite side of FIG. 2;



FIG 4 is an elevation of the opposite side of FIG 3;

FIG 5 is an elevation view of the opposite side of
wOehw®4/0837625 WO 2004/ 093762 PCT/ US2004/ 008820 PCGUSB004/908820

an expl oded perspective view of a cutting-head

assenbly and a qui ck connect nmechani smin accordance

wWth the present invention; FIG 7 is a top view of a

m crokeratone in accordance with the present

invention; FIG 8 is a graphic view showi ng the notion

of operati gNGoE ifah eRITBGEH PEIpe@ive Mty B £8@Hhg-head
invention; FIG 9 shows a m crokeratone i n accordance
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Is top view of a suction ring in
afpGahfsice with an alternate enbodi nent of the
present 'invention; FIG 11 is another alternate
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with the present 1nvention; S an alternate

e Wy .a suction ring in accordance with the
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embodiment of the present inventiion;

FIG. 9 shows a microkeratome in accordance with the present
invention connected to a control box;

FIG. 10 is top view of a suction ring in accordance with an
alternate embodiment of the present invention;

FIG. 11 is another alternate embodiment of a cutting-head
assembly in accordance with the present invention;

FIG. 12 is an alternate embodiment of a suction ring in
accordance with the present invention and for use with the cutting-head
assembily of FIG. 11,

FIG. 13 is a partial perspective view of an alternate
embodiment of the present invention; and

FIG. 14 is a partial exploded perspective view of an alternate

embodiment of the present invention.



enbodi nent of the present invention; and FIG 14 is a
parti al expl oded perspective view of an alternate
wenhadvsmeat of the present invention. 6 WO 2002C083821®2/008820
PCT/ US2004/ 008820 Det ai |l ed Description of the
Preferred Enbodi ment A mcrokeratonme 10 is shown in an
expl oded perspective view in FIG 1. Mcrokeratone 10
preferably includes a notor gearbox 12 and a drive
shaft 14. Preferably, notor gearbox 12 is a Maxon
Model _No. 118426, though_other notor and/or gear
oBetriled; Bascrgfion i dhasPepesrednabodiment 14 1 i 1 s
wi thin conpression spring 16 and preferably into bl ade
eccentric Adimiorekdrgiathel B isAhoentnodh reploded parsbattive view
i nkage or bar-link drive is shown generally at 20,
AAFIGNE] Wledkeraidie d0ipyefetabikinaludés Sndor geddodt D2and a
drive arm 24, link pins 26 and 28, and dowel pins 30
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are intended to have their ordinary neaning as would
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%&,Wiﬂk%&%éﬁ&g,oariosdowel pins 30 and 32. As used herein, bar

linkage or bar-link drive are intended to have their ordinary meaning as
would be understood by a person of ordinary skill in the art. As will be
recognized by a person of ordinary skill in the art, other embodiments with
bar-link 20 having different configurations can be utilized in microkeratome
10. In use, as described in detailed below, bar-link drive 20 cooperates with
suction ring 34 to form a four-bar-link drive which in one preferred
embodiment forms a slider-crank mechanism. Drive mechanism 20 is
preferably constructed of stainless steel.

A cutting-head 36 is preferably connected to drive 20 at link 24
with a snap-on connector 38 which requires less than 360° of rotation of the

cutting-head 36 relative to the drive 20 for connection of the cutting-head,



preferably constructed of stainless steel. A

cutting-head 36 is preferably connected to drive 20 at
woOi2mle/088762Wi t h a snap-on connector 38 whi ch r egaTs3004/008820

| ess than 3600 of rotation of the cutting-head 36

relative to the drive 20 for connection of the

cutting-head, 7 WD 2004/093762 PCT/ US2004/ 008820

thereby resulting in a quick-connection of the

cutting-head 36 to the drive 20. Cutting-head 36 is
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disassemble the microkeratome 10, which can be a significant benefit in a
busy operating room.

Microkeratome 10 utilizes a cutting blade assembly 44. Cutting
blade assembly 44 is preferably similar to that described in U.S. Patent
6,051,009 to Hellenkamp, et al., which is incorporated herein by reference.
The cutting blade assembly comprises a blade and a blade holder secured
to the blade. Although the blade can be a wide variety of configurations,
such as rectangular, triangular, partially elliptical, partially circular, etc.,
preferably the width of the blade is decreased from the front to the rear to
avoid interference with suction ring 34. Assembly 44 is held within cutting-
head 36 by door 46 and screws 48. In operation, cutting blade assembly 44

is preferably oscillated by eccentric drive head 18 as the motor 12 drives

bar-link drive 20 across suction ring 34.



to the blade. Although the blade can be a wide variety

of configurations, such as rectangular, triangular,
weoaonddioaddey el liptical, partially circular, etcPCT/US2004/008820

preferably the width of the blade is decreased from

the front to the rear to avoid interference with

suction ring 34. Assenbly 44 is held within cutting-

head 36 by door 46 and screws 48. |In operation,

cutting blade assenbly 44 is preferably oscillated by
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bar-1ink drive 20 across suction ring
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same ratio between the blade cycles and the traverse speed; therefore, if the
ratio is maintained the speed may vary and sfill achieve acceptable
precision. Dowel pin 30 preferably cooperates with slot 50 to limit the extent
to which cutting-head 36 may be driven across fixation ring 34. Other
means of restricting movement of cutting head 36, such as are known to
those skilled in the art can be utilized. Pin 52 may also be used to cooperate
with surface 54 to orient cutting-head 36 to the fixation ring 34 in a start
position.
Dowel pins 32 and 33 preferably cooperate with snap-on

connector 38 to act as a left or right eye selector, as described in detail

below. FIG. 2 shows microkeratome 10 fully assembled, and in particular,



preci sion. Dowel pin 30 preferably cooperates with

slot 50 to limt the extent to which cutting-head 36
woayodme3dei ven across fixation ring 34. O her POEAIS3008/008820

restricting novenent of cutting head 36, such as are

known to those skilled in the art can be utilized.

Pin 52 may al so be used to cooperate wth surface 54

to orient cutting-head 36 to the fixation ring 34 in a

start position. Dowel pins 32 and 33 preferably
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Advantageously, elevation pin 56 of the fixation ring 34 acts to
hold the arm post 26 above a slot 58 of the fixation ring 34 to improve the
ease of assembly of the drive 20 onto the fixation ring 34. Specifically,
elevation pin 56 holds the arm post 26 or 28 above the slot 58 of the fixation
ring 34 until the arm post 26 or 28 is above the slot 58 and in position to drop
into slot 58.

Snap-on connector 38 includes a left/right selector comprising
handle 60 and detent arms 62 and 64 for mating with dowel pins 32 and 33.
The left/right selector is alternately moveable between a start position of the
drive for a patient’s left eye and start position for a patient's right eye.
Specifically, the dowel pin 32 mates with detent arm 62 which is connected

to drive arm 24, and thereby connects the motor 12 to drive arm 24, wherein

10



hol d the arm post 26 above a slot 58 of the fixation
ring 34 to inprove the ease of assenbly of the drive
waQomrwsreet he fixation ring 34. Specifically, eCewarioanoss2o

pin 56 holds the arm post 26 or 28 above the slot 58

of the fixation ring 34 until the arm post 26 or 28

is above the slot 58 and in position to drop into

sl ot 58. Snap-on connector 38 includes a |left/right

sel ector conprising handle 60 and detent arnms 62 and
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for causing the cutting-head 36 to nove in an

ab@lgWat e path across the fixation ring, as described

in further detail
Though the use of a pin 30 and slot 50 is preferably used to

limit the length of translation of the cutting-head 36 across the fixation ring
34, it is possible that the length of siot 58 could be used to determine the
length of translation of the drive 20 across the fixation ring 34. As can be
easily seen in FIG. 4, fixation ring 34 preferably includes structure extending
beyond and above a bottom-most part of annular ring 64 namely a pivot hole
57 and slots 58, such that the structure 62 forming pivot hole 57 and the
slots 58 are raised above the bottom-most part of the annuiar ring for
allowing the microkeratome 10 to be rotated about a patient's eye (not
shown) without interference from the patient’s anatomy namely the patient’s

nose, eyebrow, or cheek.
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bel ow. Though the use of a pin 30 and slot 50 is

preferably used to limt the Iength of translation of
woOheo4mastee ng- head 36 across the fixation ring PB#USRH04/008820

is possible that the | ength of slot 58 coul d be used

to determine the Ilength of translation of the drive

20 across the fixation ring 34. As can be easily seen

in FIG 4, fixation ring 34 preferably includes

structure extending beyond and above a bottom nost
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cutting-head 36 %r ef erably includes flanges
which can be seen in FIGs. 1, 3, and 4. A flange 68 cooperates with a slot

70 of fixation ring 34 for assisting in holding the microkeratome onto fixation
ring 34 and to hold the microkeratome level with respect to the fixation ring
34 again to maintain the microkeratome assembly level with respect to
suction ring 34 to prevent jamming.

As can be seen in FIGs. 1 and 5, suction ring 34 also includes
a passage 72 that mates with a suction post (not shown) so that fixation ring
34 may be affixed to a patient's eye as is well known in the art.

FIG. 6 shows an exploded perspective view of the cutting-head
36 and the snap-on connector 38. As can been seen, snap-on 38 preferably
includes three arms 74 which mate with indents 76, such that cutting-head

assembly 36 is quickly connected to snap-on connector 38 with less than
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68 on opposing sides for use with both the left and
right eyes of a patient, which can be seen in FIGs,
wa 20@/093mel 4. A flange 68 cooperates with a sl sCT/UR2008/008820

fixation ring 34 for assisting in holding the

m crokeratone onto fixation ring 34 and to hold the

m crokeratonme |l evel wth respect to the fixation ring

34 again to maintain the mcrokeratone assenbly |evel

with respect to suction ring 34 to prevent janmm ng.

Aﬁ‘m—fﬁg 388° RFR0f Etﬁ‘ttiﬁb-%a(g ée.a'i*fb.% aisy %'?]\ﬁ’ébsf & QSocﬁéhe@z' 50

i ncl udes  a passage” 7. at mates wWth a suttion post
kel a0 bt e (el B R0 b 18
e W REORAEL CRIRERRRER bbb ity Gufit heslrobsef
0 B o BER TRy En o FEToL i 6B ARl Wb EReney
L e e
LS9t Pt S DR A eaelitens o
Finete Wil Pt 63 80 SEAETHLT GRRPoLE SHPBIab i ging head
egies el St 5o e herasdd oehel Hiilenl, sutno-
with respect to ri r][ﬁﬁ34. Preferably, cutting-head

| bead lopatess Thincirass the daidity apd siakilipegf rofaligpal movement of

spring-like arms as shown. Arns 78 and specifically
i heenitinggmead 36 across fixation ring 34 during surgery, which further

assists in preventing jamming of the microkeratome 10.

FIG. 7 is a top view of microkeratome 10, including drive arms
22 and 24 and shows passage 72 that is formed in suction ring 34 from a
bottom surface of the annular ring 64 through a suction post (not shown) for
connection to a vacuum source (not shown) such that the annular ring 64
may be affixed to the cornea of a patient by operation of the vacuum source.
A good view of a slot 58 is also shown.

FIG. 8 is a graphic diagram showing a preferred arcuate
movement of micokeratome 10 relative to suction ring 34. Pivot point A

represents post 28 and letter B represents the main body of microkeratome
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mate with structure 62 and are placed on opposite

sides of the cutting-head for providing |ocation for
woabd/wsme2| eft and right eyes of the patient. €armiSz@®4/008820
head | ocators 78 increase the rigidity and stability

of rotational novenent of the cutting-head 36 across
fixation ring 34 during surgery, which further

assists in preventing jami ng of the m crokeratonme 10.
FIG 7 is a top view of mcrokeratone 10, including

SL¢ 1 Ao fﬂ%%ﬂgﬁ%&%re}?&%t QG?ncR?mﬁ@ﬂ‘ﬁinis t 58.

suc roma  bottoms ace 0
t ' t i t )
BPeRaBhELs baite St SLEHHR SsEL P AnP o8, midMterBiape
that. the annul.a [.ng 64 ” j t rdnea
of 0 aivplacat B P tes i BroiriEsBLas S ablp @Rl B
good_vj ew of sl ot i s.also sho H S @ e s
orais Plong grn el e i B Rem st Res oSy dit e
of m cokerato 10 rel ative . .to_syctign ri,n 4. . Pivot
olaing bos BB Bt shnesRrvcines e afelBeedin 5 S fatiby
the main body of m crokeratone 13 WO 200Q4/.093762. . _
PSRRI SRS WA Sk Sy AU GROS] S0 pevi Co
represents post 26 nmoving within slot 5 Wien t
167306 & i siot 68 ARG /ash Bac oz TpgeisR e g1ddi of Sofbe.
m crokeratonme 10 pivots at point A and cﬁgvgs aar C
vBY Rrayidingtor sech 3 nagiaRrent @4 f@npachandgialleasiigk
arcuate path 82. Position B corresponds to 508i tion,
Cesign mayihe achisvedypihgr hasinaving nest eanovespBRY ARG algH!t line
the final position C'. So that the .
continually away from pivot point A from beginning to end. As those skilled
in the art will appreciate, the drive B does not need to include the preferred
motor. The drive could be powered manually by a surgeon pivoting the
microkeratome in his fingers. A motor to oscillate a blade assembly would
still be desired. Also, two motors — one for oscillation and one for translation
— could be employed.

FIG. 9 shows a microkeratome 10 including a controller 84
connected to drive 20 including motor 12 via cable 86 and also connected to
the fixation ring 34 via suction post 88 and tubing 90 for controliling
movement of the cutting-head 36 and the attachment of the ring 34 to the

patient’s eye. Controller 84 also preferably includes a vacuum or suction

source 92,
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preferred arcuate novenment wthin slot 58 noves post
26 fromposition Cto C at the far end of slot 58
wana4oagmw2back to C' towards the mddl e of sl oPCBRIS20089%08820

providing for such a novenent a nore conpact and

stabl e bar-link design may be achi eved rather than

havi ng post C nove along a straight line continually
away from pivot point A from beginning to end. As

those skilled in the art will appreciate, the drive B

does ot ey SR AEORO SIS rofBbRn B

?Lleve coul?1 ower e y a surgeon pilv
Newc?‘éxfé kf%%‘io"%‘sa%@a%b 9y tb%éﬁ\'@%‘bﬁ%@(ﬂée%%%ab'e
e iR i aR elestipfR %an%[%ﬁﬁ%&% g B 58 by

g 93%8%8%%%#@5%5 o 0680 pas b, mg%e%%@ i
RS ARl
cans cqmiollgnfis Gousd BE <bmien op pekd BAiIen ttr%?ﬁ&t@ngﬂﬁ“me or
i ncludes a vacuum or suction source

Jungs-pidil §1at mray hesgesies Ry age e ninral) ‘?%E‘?r rgap(?ﬁ{§, al so

cooperate with a translation stop formed by pin 30, and
Ssntrolier &nand misrokesaiome 1 pigerebly cperale aadgstibed in the

adj ustable hinge-width and an el ectronic transl ation
sahmye referenaed\Halenkapp patentspWhile the use of suction is highly

preferred to affix ring 34 to an eye, other means are possible such as the
use of cleats or adhesive.

FIG. 10 shows an alternate embodiment of a fixation ring 94 for
causing a cutting-head to move in a straight path across fixation ring 94 as
indicated by arrow 96. Fixation ring 94 has an annular ring 98 similar to ring
64 and a passage 100 similar to passage 72 for allowing suction to affix ring
98 to a patient’s eye. In addition, the slider-crank mechanism includes at
least two slots 102 formed on the fixation ring 98 though preferably the four
slots shown are formed on fixation ring 98. Suction ring 94 also preferably
includes a pair of rails 104 for guiding the cutting-head along a path defined
by the rails 104 across the fixation ring 94. In use, posts 26 and 28 will

move within slots 102 along a path defined by arrows 106. As posts 26 and
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havi ng opt o-coupl ers associated with slot 50 and pin

30 to neasure the novenent of pin 30 within slot 50
wonrommoliani cal sensors could al so be used andPCT/US2004/008820

controller 84 could be enabled to set a particul ar

translation di stance or hinge-width that may be

desired by a surgeon. In all other respects

controller 84 and microkeratone 10 preferably operate

as described in the above referenced Hell enkanp

(5 BV wdl ok BBSHES o it ndda, Bullhghoka SBrfokhy
L P R S
SR8 SBISI0 AR I T 1B o e fRE s ring
G 4 A0 0RO BT D B b
e T
;m&aﬁgéﬁréfoﬁﬁ ig%é repesaBioceet e U BB v

i ql?(gxm% Ig@groléelra%n?e 335€ ﬁ;} ggséyhga @Bobqiloé?q}%\’ ﬁha:erzt?e?lglﬂt line

cutting-head along a path defined by the rails 104 .
RGrOESSYHAN 1ing Héi BHOPIRIRFAIQ the Acqyeate "bfamengée%tj?eégmh

wll rmove within slots 102 al ong ;@Bath defin%d by
despes ta fxationdingod4: sTheeuseef differel sistan agseachieve
PCT/ US2004/ 008820 28 nove away fromthe center of

fdifferentiianslatipneatheaeressa PRERR sRyengigally adds to the

versatility, flexibility, and potential usefulness to a surgeon who may prefer
different translation paths for different patients.

FIG. 11 shows an alternate embodiment of a cutting-head 108.
Cutting-head 108 is similar in construction to cutting-head 36 described
above in that it holds a cutting blade assembly (not shown) preferably using
door 110 and screws 112 and has flanges 114 which are essentially identical
to flanges 68. Cutting-head 108 differs from cutting-head 36 in that no arms
78 exists and knobs 116 mate with the structure defining a pivot hole onto an

alternate embodiment fixation ring 118, shown in FIG. 12.
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al ong the path defined by arrow 96 as guided by rails
104. Rails 104 are simlar to the slots 70, except
woOheid/mzick s 104 forns a straight path across rPa@guUSAB4/008820

Rails 104 receive flanges 68 of cutting-head 36. In

this way, structure is attached to an upper-surface

of the annular ring 98 and defines at |least first and
second slots 102 on opposing sides of the annular ring

98 to allow the sane m crokeratone assenbly descri bed

above 10 tRyRk akfefbl 'i)'F eqmcrcgke%om% -h&4Y 108
P A

ring 94, as op ose e accurate nov scri bed

gér\tp eﬂrzltren a Rl AL 'ﬂ%ﬁ%é Hgﬁ?ée%\saet 1 o}é%%ld?‘fg an

t|on rings er ent

tlé(??rﬁgﬁ%ﬂ %ﬂn@?falﬁ%fgf ?I%SS 12 wﬁfcbea%{s @ggya%tlaﬂf ﬁ@tsla%ea\gg\?

versa I"éxi b
PR tvg%t%ﬁiéﬁ i %f“i‘”ﬁ&@%é B ?@L‘%%!&' *ﬁ@c‘%mm
T Sy”ﬂ%‘éy‘ b gt P2 AR B o bola B, b 43 1 24 e
Eré%a%iif s'&eavﬂlﬁﬁyfee Aoy et b s%%? %%@in%
AL PR CarPove i«*—”?ﬁ@rﬁéoef@%g &t idneeEs

differs f tt d 36
esesa Ul i arHgs el Enaith heter AErATRE hal¥esn ng

pi vot hole onto an _alternate epbodi nent fixation

Fibreijon 99 19BN Txaien o 34 s et neJlatsiss e seesiated With
PCT/ US2004/ 008820 During assenbly of the
ntherskie 124 besauss the aémtppst@glfﬁlé%altqroeﬂve embodiment

associated with FIGs. 11 and 12 do not include the siots 27. Therefore,
attachment of a microkeratome to ring 118 during surgery relies on knob 116
mating with slot or groove 128 and flanges 114 mating with slot or groove
130, seen in FIG. 13, which is similar to slot 70 described above; in this way
the microkeratome is maintained in a level position relative to ring 118 and
attached to ring 118 to provide a smooth pivoting motion of the
microkeratome across ring 118. It will be appreciated that knob 116 and slot
128 cooperate to perform essentially the same function as indents 80 on

arms 78, as a cutting-head locator.
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knob 116 and in particular, the flange defined at 120
rides along an indentation forned at 122 of FIG 12,
wohbhzmwes substantially the sane way as el epariuszno4/008820

dowel pin 56 and arm posts 26 or 28, to hold the

m crokeratone assenbly above the slots 124 until the

arm posts are above slots 124 and ready to slide

within the slots 124. The knob 116 then rotates about

the pivot structure 126 within groove 128 during

movement ofg éhﬁg#f%ag,ﬁgrﬁ?gerfspé&ﬁw oP5h afdRs® the

;lxatlon ring erence et ween
rriRbges é‘“%siré@.m%%%éé“ﬂéﬁdO%éf'f&gth%”@UE%gt S8 he
AR ‘l“‘%ﬁcﬁﬁwi‘at@es&%ﬁ‘fﬁ S A %tf@i‘?'%%"ﬁg 134
o e 6 gy RerPEate it g %%%Sat"&% ot Bt
i °V§§bﬁﬁvq§3r%? faé??%ﬁ'%vfaﬁ%%ng bt gprfg%?.g@bgroove
w&%ﬁ%@.vﬁée%@@ fpeeealerrfi%awwc?av@@%r'Bgt%[s "ng 118
a”dqr@?ér%%%{‘q?%ivtq?@{s}e” - s e 50 8l geR v e poLing Sr

appreci at ed t hat knob 116 and s| ot 28 cooperate

;

t @mpﬁeﬂ%am 438 by @sayng thakspuss 249 aliays fde L8 thadid s 80
on arnms 78, as a cutting-head |ocator. 17 WO

oparipun giam peh: Tae etiernateaunipdiment mictokeraiaesl 4244510,

perspective view of an alternate
the cutting-head assembly and fixation rings of FIGs. 11 — 13 also preferably

includes an outer sleeve 144 for attaching the motor 146 to the drive

mechanism and specifically drive arm 134 via threads 148 as shown.
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enbodi nent of the m crokeratone incorporating the
cutting-head 108 and fixation ring 118 including a
weuaidioosrepost 132. It is noted that drive arnmsPCBAS20md08820
136 are generally separated a distance shown at 138 by
the spurs 140 fornmed in drive arm134. This spacing
138, which is preferably about 0.5 mm wi de, allows for
easi er cleaning and autocl aving of the m crokeratone
drive assenbly. The spurs 140 also stiffen up the
Cc ' of arnms 134 and 136 by assuring that spurs
1@8?§?§§V§ ride on the high portions of arm 136. The
al ternat e enbodi nent ni crokeratone 142 usin%, t he
clit ti Myl sy oo RueRNiNaMIGHPENFOMATSINgEs . 11 -
13 also preferably includes an outer sleeve 144 for
at t acHd pa-linkedriy6t or 146 to the drive nmechani sm and
specifically drive arm 134 via threads 148 as shown.
| 8 WO 208lingrbgad comeriaddodompandodiveie Claim 1. A
m crokeratonme for use in ophthal mc surgery
conpr i asfixajion rimgiretipled ik therhardink grivgitandng- head
connected to the bar-link drive; a fixation ring
coupl ewhareintthe bbrlink drive rdevasdhe ghtlingigedei n t he
bar-link drive noves the cutting-head at | east
partial |y adttemstpartiallfactess tha fixatien riky. The
m crokeratone of claiml further including a
control |l er connected

2. The microkeratome of claim 1 further including a controller connected
to the drive and fixation ring to control the movement of the cutting-

head and the attachment of the ring to the patient’s eye.

3. The microkeratome of claim 1, wherein the connection of the cutting-
head to the drive includes a snap-on connector requiring less than

360° of rotation of the cutting-head relative to the drive.

4. The microkeratome of claim 1, wherein the bar-link drive includes two
(2) drive arms wherein each arm includes a link pin, each link pin
including a slot such that one of the link pins mates with an elevation

pin and the other pin mates with a flange of the fixation ring.
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to the drive and fixation ring to control the novenent
of the cutting- head and the attachnent of the ring to
woheo4pasicent ' s eye. 3. The mi crokerat one of cl aCmU$2004/008820

wherein the connection of the cutting- head to the

drive includes a snap-on connector requiring |l ess than
3600 of rotation of the cutting-head relative to the
drive. 4. The mcrokeratone of claiml1, wherein the
bar-link drive includes two (2) drive arnms wherein

S8 S RO iy e d i b

o 2By B3 B BSEE g #
uner o1 TPTRE BF oae CLasbEbARETE AR it L,

hold the other Iink pin above a slot of the fixation
ring to inprove the ease of assenbly of the drive

tot fixati [ 6., Th ] '
18" el ARt i e Becth B R ThE B sy R
L g3 B B R S BB 1
e et Pl ok FF el gt
cutting-head | ocator for angularly positioning an

axis & otation of cutting-head. 8. The nicrokeratone
of claim7, wherein the cutting-head | ocator

7. The microkeratome of claim 1 further including a cutting-head locator

for angularly positioning an axis of rotation of cutting-head.
8. The microkeratome of claim 7, wherein the cutting-head locator
includes indents on opposite sides of the cutting-head for providing

location for both left and right eyes of a patient.

9. The microkeratome of claim 7, wherein the cuiting-head locator

includes resilient spring-like arms.
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i ncl udes indents on opposite sides of the cutting-head

for providing |location for both left and right eyes
woho@/opatee ent . 9. The m crokeratonme of clai m 7pCnusz@inoss20

the cutting-head |ocator includes resilient

spring-1like arnms. 20 WO 2004/ 093762 PCT/ US2004/ 008820

10. The m crokeratonme of claiml1, wherein the fixation

ring includes structure extendi ng beyond a bottom nost

part of an annular ring and raised above the

bog t orﬁ'ﬁ?ﬁﬁcr&?érétog'fe 5ffb¢a.mnﬁ Wl-%"(elﬁ kiDrifatibn Fhb AiGgest he'
m cr oker at one e rotated ut a patient™s eye

wi t hout, ji& Ee%%’ngm%%ley&}%@btoﬁﬁnpﬁbé% é??éﬁglwar rln% and

eyebr ow, or m cr oker

wher el 3, L&, 9L vld Bl h}‘b% nggr@pf IR Ghafi; rrmba%mgﬁdﬁ

mcro era ere

EEELAF%%G&#‘*@T% ofte B BORR AT b e g@&W@E@ﬁJﬁ%@"%ﬁ@ﬁC@
, ' d
a sl ot ?rﬁﬁn%égtbﬁ?t%‘ﬁé'@?%@m%?Cﬁ%ee'?'li e

m crokeratone of claim 13, wherein the pivot hole and
the slot are generally on opposing sides of the ring.
1 T m croker at one. of. c ere n,the piv
e afieh THEOKTBOMAG AR, h MHERID PR S oY Rh 2
an arcuate ,path across the fixation

four bar-link drive.

12.  The microkeratome of claim 11, wherein the four-bar link drive

comprises a slider-crank mechanism.

13.  The microkeratome of claim 12, wherein the slider-crank mechanism

includes a pivot hole and a slot formed on the fixation ring.

14.  The microkeratome of claim 13, wherein the pivot hole and the slot

are generally on opposing sides of the ring.
15.  The microkeratome of claim 13, wherein the pivot hole and the siot

cause the cutting head to move in an arcuate path across the fixation

ring.
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ring. 21 WD 2004/093762 PCT/ US2004/ 008820 16. The

m cr okerat onme of claim 13, wherein the pivot hole and
woOheo4gosite2 cause the cutting head to nove in a PCHA&ER004/008820

path across the fixation ring. 17. The m crokeratone

of claim 12, wherein a length of the slot determ nes

the length of translation of the drive nechani sm

across the fixation ring. 18. The m crokeratonme of

claim 12, wherein the slider-crank nmechani sm includes

l e fQr n 1 o '

ol o MRk bhe R 137 Bl Inealtibly A% Ry

to nov . ' i L he

{1 ot | p Mhgo BT head AnbER st Befl Mo fRAudT

further jncluding a translation stop internal to the

drive T al | ow ng adj ustabl e hinge-wi dth. 20. The

m crokeratone of claim1 further including a notor for

automatically driving the cutting head at | east

partially across the L.xatjon ring., 2 2004/ 093762
P%%/U WW%@%%@@”E§¥PEWH3 W@Pﬁ%@%ﬁ?&ﬁﬁoo eéﬁ’in11

furt he&etlerrﬂ%kgsd{hgqer?gtﬁr% 85nsf|§tfono§f%é .dral\t/els Mechanism across

the fixation ring.

18.  The microkeratome of claim 12, wherein the slider-crank mechanism
inciudes at least two slots formed on the fixation ring and a pair of
rails for causing the cutting-head assembly to move along a path

defined by the rails across the fixation ring.

19.  The microkeratome of claim 1 further including a translation stop

internal to the drive for allowing adjustable hinge-width.
20. The microkeratome of claim 1 further including a motor for

automatically driving the cutting head at least partially across the

fixation ring.
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a bl ade assenbly within the cutting head. 22. The
m crokeratonme of claiml further including a first
wonb@roodwe automatically driving the cutting ReaasS2004/008820

assenbly and a second notor for oscillating a blade
assenbly within the cutting head assenbly. 23. The

m cr okeratone of claim4 wherein each armincludes a

link pin, such that the link pins nate with structure
formed on the fixation ring for guiding the drive

neg hanﬁ%%oﬂe‘?ﬁﬁ?ne% cidird!1 Mrtf\@lr |ﬁél§dﬁﬁ9% ﬁbf&??dr%%cnlatmg

rlng e mcrokerato alm wher el n

pi vot é‘ﬁla@e% &8 Wl%ﬂﬁ@’&ﬁmifn@ aE.”C' udes an

i ndentation of the cutting-head
for hol di ng one of the i nk pins above a slot of the
fixation ring. 23 WD 2004/093762 PCT/ US2004/ 008820

252 P TAEHRSSIFAOTR ot COghLNACEERET ALOfoid o

r con cornea
The arfiR %"ﬁéﬂ%gﬁﬁ%ﬁ@ﬁﬁih %%%nﬁ?"%%ﬁﬁaﬁsg ot
g iy onlelng RS R B3 tag bekd e e

vacuum source; structure attached to an upper surface
of the annular ring defining a pivot hole; and

23. The microkeratome of claim 4 wherein each arm includes a link pin,
such that the link pins mate with structure formed on the fixation ring

for guiding the drive mechanism at least partially across the fixation

ring.
24.  The microkeratome of claim 23 wherein a pivot hole of the fixation

ring includes an indentation for mating with a knob of the cutting-head

for holding one of the link pins above a slot of the fixation ring.
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structure defining a slot attached to the upper

surface of the annular ring. 26. A m crokeratone
woin@Etowsme2r i ng conpri sing: an annul ar ring havPag/ua2004/008820

bottom surface and an upper surface; an extension

attached to the upper surface including a pivot hole;

and a slot defined by the upper surface of the annul ar

ring. 24 WO 2004/093762 PCT/ US2004/ 008820 27. A

m crokeratone fixation ring conprising: an annul ar

0100 GO ABIdkafloff AhGREmBfisgPal fent; structure

efining a passage from a om Surface of the

annul af, é(')n'ﬁﬂ%(g rigﬁ GorMahitdin %%oﬂﬁ%fa{p%t'eﬂg for

connecti vacuum source, suc at’ the annul ar

ring %?r}ﬁcﬁ?e aéf\‘r{.si%f% %g?éed%gf{ﬁ %@ ’OF'VSUI‘%s o eCihRbartie

vacuum sour ce, 0O an upper surrtace

o 18 U L s e

second sl of e annul ar
28. A mcrokerat for e i ],.C
conpri si ng .Su&af%ﬁgﬁ%l qrﬁwlaﬁlﬁg ﬁqyﬁ%%@?%d&loath%o%tﬁgrﬁé@l
cutting-head c9nne ed to the bar-link drive;
operafion Of thé vacuum sOurce;
structure attached to an upper surface of the annular ring defining a
pivot hole; and

structure defining a slot attached to the upper surface of the annular

ring.

26. A microkeratome fixation ring comprising:
an annular ring having a bottom surface and an upper surface;
an extension attached to the upper surface including a pivot hole;
and

a slot defined by the upper surface of the annular ring.
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a cutting blade assenbly held within the cutting head,

a fixation ring coupled to the bar-link drive; and
wohew@osret he not or causes the bar-link drive tBCmmwg2004/008820

the cutting head assenbly at least partially across

the fixation ring and wherein the notor causes the

cutting bl ade assenbly to oscillate as the cutting

head a6 sfirbhefafoht laAibe fing €orpRsihge fixation ring so
that a flap of corneal tissue is forned on the eye. 25

Vo Zo%é?%%%nf&’%/ AOPRANG RORBAh ofdDdpatiEng

m cr okerat ome of claim 28 further |ncI uding a

contr gﬁlﬂllﬁ{1 e gélﬁ]—ﬁﬁ%g %ag%*ﬂgorﬂ ol pittorSLirfdlcs | ltﬁé‘ar‘irﬁ,ﬂar ring

contr e novenment o cutting-head and

attachment ,0f fifif If'\é%ng%r HiR vﬁ fdtHohfldiioR l@ée\facﬁgm smﬁ:e

nlcrokeratone 0] ereln the connectli on

the cuttinggahgadulo dlifardib¥ea) ACbLHdEs t@th%%"“ég??bﬁf he

connector requiring rotation

cutting- heaﬁglrag,*mq\tO {f\% Ja%ghple o‘?ﬁé 31. The

m cr oker at 8 erer n the drive includes

pet wodiUiley av?gﬁgﬁ%%“ WG suded drand EhiR AR S
cye. 3. TIRASKEt BEPERIIGP o%Foép%'gé,S*ﬁﬁéqiw%éﬁﬂ-ﬁw

bar-link drijve is a four bar-link drive.
ring.

28. A microkeratome for use in ophthalmic surgery comprising:

a bar-link drive including a motor;

a cutting-head connected to the bar-link drive;

a cutting blade assembiy held within the cutting head,;

a fixation ring coupled to the bar-link drive; and

wherein the motor causes the bar-link drive to move the cutting head
assembly at least partially across the fixation ring and wherein
the motor causes the cutting blade assembly to oscillate as the
cutting head assembly translates across the fixation ring so

that a flap of corneal tissue is formed on the eye.
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33. The m crokeratone of claim 32, wherein the

four-bar link drive is a slider-crank. 26 WO
waQo/98762 PCT/ US2004/ 008820 34. The m cr okeCatusSnm4/008820

of claim 33, wherein the slider-crank includes

structure formng a pivot hole and a slot on the

fixation ring for causing the cutting-head to nove in

an accurate path across the fixation ring. 35. The

m crokeratone of claim 33, wherein the slider-crank

| B! UlPRe ficrokéiaRimd YPoIShPEE WMo d\Eoditdfigf | on

ring an palr of rail causi ng the cutti ng-head

to mvsorme%fé@ 8 égéaga%@sﬁd fbsai oo E8rdi fg;é Moy BREREST hee

fixation ri mcro eratoma
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360° of rotation of the cutting-head relative fo the drive.

31.  The microkeratome of claim 28, wherein the drive includes a left/right
selector that is alternately moveable between a start position of the
drive for a patient’s left eye and a start position for a patient’s right

eye.

32. The microkeratome of claim 28, wherein the bar-link drive is a four

bar-link drive.

33. The microkeratome of claim 32, wherein the four-bar link drive is a

slider-crank.
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a pair of knobs for mating with a slot on a suction
ring for locating the cutting head on the suction
WOIi2003/092762 PCT/US2004/008820

34. The microkeratome of claim 33, wherein the slider-crank includes
structure forming a pivot hole and a slot on the fixation ring for
causing the cutting-head to move in an accurate path across the

fixation ring.

35. The microkeratome of claim 33, wherein the slider-crank includes at
least two slots formed on the fixation ring and a pair of rails for
causing the cutting-head to move along a path defined by the rails

across the fixation ring.

36. The microkeratome of claim 28 further including a translation stop
internal to the drive for allowing adjustable hinge-width and an

electronic translation stop.

37. A microkeratome cutting head comprising:

a body having an upper side and a lower side;

a snap-on connector formed on the upper sides;

a cavity within the body for receiving a cutting-blade assembly
such that a portion of the cutting-blade extends beyond the
lower side; and

a pair of knobs for mating with a slot on a suction ring for locating

the cutting head on the suction ring.
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