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. Thi,ssis even nore true in those fields wherein 20 it is operated upon
delicate Qi@oslporsynd therefore is particul arly felt in opht hal et /9191960099
surgery. In thls field, a very inportant operation consists in

| amel | ar refractive surgery (?eratonyleu5|s) 25

Kerat onmyl eusis is a surgical nethodol ogy mell knomn to those skilled in the

[err], originally set by Pro B rra uer vel oped duri year s
through three techni ques, i3nd° fe. eIéV%nF gppgfeuﬂéﬁif 583 bB&AC80
real i zed by Barricepmetidi rasze-‘lﬁch)ypl{oamséhnanﬁt SWsngmcmrtWeno byhaRei za
AONg the vari oys,Roil pregt s wasueﬁkﬁgumewq $ihe qf 2 Eh&1§g595fa'

i nstrunents necessary to ogerate Bar rdquer's fech nlque provi deS the use of
a sucking efore carrying out the operation, one

5 measures the intraocular pressure caused by the ring and
measures, by means of a precalibrated 1lens, the.
lenticule diameter that would be obtained with that
particular ring. ' _ '

Only after verifying these variables and

10 Selecting the proper ring, one will be able to proceed
to the section of the lamella,
) Obviously, all these operations render the
operation more difficult, less safe and longer.
In the techinque set by Krumeich and Swinger
15 also the same type of sucking rings is employed.

In Ruiz's technique, on the contrary, a series
‘is employéd of pneumatic rings which present the same
already mentioned problems. _ : _

Recently, 1in the Application for Italian

20 Patent No. 48104-A/89 filed on June 21, 1989, an
apparatus set has been suggested for carrying 7out
myopical or hypermetropical keratomyleusis wherein a
single sucking ring endowed with an adjustment ferrule
is provided, for determining the diameter of the flap to

25 be removed, and consti;utiﬁg a track for the sliding of
the microkeratome and the precalibrated lens.

As is apparent, such a solution constitutes a
considerable progress in comparison with the preceding
apparatuses in that it allows to rapidly determine the

30 diameter of the flap to be removed, to measure
intraocular pressure and to carry out the refractive
section.

Subsequently, it 'has been suggested, by the

' same Applicant, a further improvement of the latter

35 apparatus, and particularly a suck;pg ring realized with
an extreheiy simple mechanics, with a handle that allows



.35 _netal ring which is applied on the eye of the patient and whereon the:
m cr oker atywamyasgdragles. [err] [err] - 2 - In order to be abl pcraratienesse
-the. exact keratic surface protrusion it js necessary to have a conplete set
-of *sucking netal rings at disposal. Before «carrying out the operation,
"one 5 nmeasures the intraocul ar pressure caused by the ring and nmeasures,
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patient and able to effect decisely considerable
excursions downwards and upwards. .
~ All what ‘has been disclosed above if on a hand
5 has allowed the operation technique to be more and more
improved, always maintains a very stfict link between
the result of the operation and the ability of the
surgeon, ) ' |
- This is true in that the result is strictly
10 connected with the ability of the surgeon. .
) Moreovér, with these apparatuses of the manual
type, it turns out to be very difficult to have é.high
repeatability of the operation. '
' In view of the above, the Applicant has
15 thought of realizing an apparatus that allows the
aforementioned operative technique to be executed in an
automatic and absolutely repeatable manner.
It is therefore the specific objeé¢t of the
present invention an apparatus for automatically
20 positioning and  operating surgical instruments,
particularly for refractive keratic  surgery,
particularly lamellar refractive surgery, comprising
means for the correct positioning in correspondence with
the operating cot; means for vertically raising all the
25 apparatus; a horizontal guide; a first support member
arranged slideably wupon said horizontal guide; a
horizontal linear actuator, which determines the slide,
in both directions, of said support member on the
horizontal guide; a vertical guide, integral with said
30 first support member, at right angles to the horizontal
guide; a second support member, slideable in both
directions upon said vertical guide by means of a first
vertical linear actuator; a member for operating and
- supporting the surgical instrument, borne, by the second
35 support member; a horizontal plane integral with said
second support member and endowed with a second vertical



.Only after verifying these variables and 10 sel ecting the proper ring,
~one Wil poRlge7iso proceed to the section of the lamella. CoORGIUETE/008D99
t hese operations render the operation nore difficult, |ess safe and | onger.
In the tephinque set by Kruneich and =S riger 15 al so the sane type of
'sucking rings is enployed. In Ruiz's technique, on the contrary, a series

pr obl ems.  Recentiiea AGRARAN (AEAG AL THe 1508 | SHLTERE B e Teyering

probl enms. Recen . [ - I [ e :
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provi ded, for detnst ieaning heati 4t freef ant, faapember for the correct

5 positioning of the portion which is to be operated.

According to the invention, all the operation
and - the various functions of the apparatus can be
controlled through a pre-programmed and surgeon settable
central unit.

10 : Preferably, said horizontal 1linear actuator
'will be comprised of a continuous current motor, while
the two vertical linear actuators will be comprised of
two stepper motors. '

Said second linear actuator can also be

15 comprised of a nonius. - ‘

In a preferred embodiment of the apparatus
according to the_invention.'the member for operating and
supporting the surgical instrument can be comprised of a
continuous current motor with a spindle bearing, in a

20 stationary or in a removable manner, said surgical
instrument.

The surgical instrument will be preferably
comprised of a rotating blade, case in which the motor
and the spindle are arranged at right angles to the

25 vertical guide. ' .

Moreoier, a miller for correcting the section
can be mounted on said spindle.

Again on the spindle a little spoon for taking
in the cut lamella can be provided.

30 ' Preferably, said arm, coupled in a stationary
or in a removable manner with said positioning and
raising means wil bear, at its free end, the sucking
ring, connected with the vacuum source, for the
positioning of the cornea. _

35 However, according to the type of operation
and of the stage of the same, upon it a bench for



25 be reaned and constituting a. track for the sliding of the

m cr oker at om)ngg-me precalibrated lens. As is apparent, such spCHIVeiI/00099
constitutes a considerable progress in conparison with the preceding
apparatuses in that it allows to rapi dlysde'term ne the-30 di aneter of
the flap. to be renoved, to neasure i ntraocul ar pressure and to carry
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particularly a sucking ring 'mmlmzaﬂmb viiath the epas bnbdyisg nppen nthdacw tscan
with a handle .thatb ]JnQ% up[eéf] a magnetic system, brackets or other
similar mechanisms. . _
5 The means for the vertical raising will be
‘able to be of a mechanical and/or paeumatic and/or

hydraulic type.
' The present invention will be now disclosed,
as. a matter of illustration, but not of restriction,
10 according to a preferred embodiment thereof represented
in the figure of the annexed drawing vherein a schematic
side view 1s shown of the apparatus according to the
invention. '
The apparatus shown in the figure provides a
15 connector 1 of a magnetic type for the fastening to the
operative cot (not shown), above which a meber 2 is
provided for raising all the appétatus'on the cot, so as
to be able to correctly position it.
The assembly connector l-member 2 bears,
.20 integral with it, a horizontal guide 3 which serves to
position, in a known manner, the whole pfoper surgical
instrument with respect to the eye of a patient.
~ It bears, slideably, a support structure 4
wherewith the rest of the apparatus according to the
~ 25 invention is coupled in an integral manner, in the way '
that will be seen below. | -
Said support 4 is made to slide upon the guide
3 by the linear actuator 5, which preferably will be a
continuous chrrent.motot, in that the type of action
30 that it has to perform requires a continuous linear
movement. )
- At the extremity opposite that for the
couplihg with the guide 3, the support &4 integrally
bears a vertical guide 6 at right angles to the guide 3.
35 Upon said verticxal guide 6 a second support 7
slides actuated by ‘the linear actuator 8 which, in this



.3 - a very safe positioning of the ring on the eye of the patient and

zabl e e{\&%ﬁ -%%CI sely considerabl e excurstons downwar ds apg/pra e
Al l what has been scl osed above if on 3 hand 5 has al | owed t he

operation technique to be nore and nor€ inproved, always maintains a very
strict link between the result of the: operatlon and the ability of the

surgeon Thi s ishérggrégi%gakﬁtgge@§§gbﬁ $%ky aQ connected with

the ability of. t €0 over th s appara?uses of the manua
type, it turns out to be vePgidi f8uppprtt o7haliasa & grentdsadt asicm,t ywhi chhe |

operation. In- V'ffi@ést%%dﬂKWﬁe VQQtQEBW‘EﬂEd@a5 and a % onfdl arm
realizing an éﬂnﬁqgﬁu%ears :he ngﬁe'g%r cutting 9, and the relevant

-5 c.c. motor 10, and the plane 11 with the relevant
vettical linear actuator 12, ‘

i On the arm 13 of the blade 9 a little spoon 14
for picking the cut lamella is provided.

Obviously, to the arm 13 a tool different from

10 the blade 9 can be applied, e.g. a miller, to carry out
further stages of the operative surgery.

To said member 2 an arm 15 is coupled in an
integral, but removable manner, at its extremity that
goes to find itself under the blade 9 and the plane 11,

15 - bearing a sucking ring 16. : :

The sucking system (not shown) of the sucking
ring 16 can be provided inside_the arm 15.

~ As will be seen in the following, the plane 11
allows the cut thickness to be adjﬁsted, while the blade

20 '13. ‘raising and lowering itself integrally with the
support 7, allows the diameter to be adjusted.

In the place of the arm 15 and of the ring 16
other members necessary to cartj out subéequent stages
of the operative surgery can be provided.

25 All the operation of the various actuators 5,
8, 10 and 12 can be controlled by a pre-programmed
central unit instructable step by step during the
bperative BuUrgery.

. Compared with the sucking ring emplyed for the

30 manual execution of keratomyleusis operation, the ring
16 hasn't to be endowed with the guides for the slide of
the microkeratome, with the handle and with the raising
and lowering mechanisms for finding the zero and
determining the thicknass of thé cut or sz<tion.

- 35 To initiate an operative surgery with the
apparatus represented in the figure, it is first of all



-aforementioned operative technique to be executed in an automatic and

absol ut el ywoeepedagl e manner. It is therefore the specific obj egtr/pfo17dv099
present I nvention an apparatus for_ automatically 20 posi tioni ng
ahd operati ng sur gi cal i nst runent s’ Particularly for refractive
keratic surgery, particularly lanellar refractive surgery,

conprising neans for t osit on| respondence w t he

operating cot; méans “par‘g ‘% a?‘?yé&r aé|°5| a%ﬁt%é s"“b"b%'?%? uégl 3ero.
hori zont al guide a first §Upbmrtsnenbbcvadrbngbuiagddeabby|mnnnsﬁn£1the
hori zontal gui de,hoﬂMdJP”B@EuEEBEaS Aiqual V&Pw@%ﬁehewa%% tde the

slide, in both dlrectlons sal d- port - nmenber. on t hori zontal_‘gu
a vertical guide, QQQQxﬁainﬁPtﬁ°§5FBtSUithfFh§t§$ﬂﬂ3 » ARAS  CoRPleEmty

‘angl es to the& hordaaytrg the gelarme SErLoOnd "support nenber slideable in both
' The ring 16 will be electrically insulated
with respect to the other components.
_ When the blade 9 and the ring 16 are in
contact one is in the ideal positi'on for the maximum
10 diameter and maximum thickness section. This 4is the
first reference point. |
The actuator 12 also is insulated with respect
to the actuator 10. '
'Then one lowers the plane 11 up to touch the
15 sucking ring 16, i.e. in a potential condition of zero
thickness section. This is the second reference point.
Then one reraises the whole by a known
quantity, by means of the actuator 8.
At this point it is necessary to bring the eye
20 of the patient in correspondence with the sucking ring
16. _ : '
The patient is layéd down and is made to stare
at a luminous point, marking the centre of the cornea.
After the anaesthesia and applying the usual
25 operative techniques, one positions the apparatus on the
operative 'cot, causing the sucking ring 16 to find
itself above the eye of the patient. |
Before applying the vacuum on the ring, one
brings, through the actuator 5, all the instrumenrt in a
30 withdrawon position, and makes the patient to stare
upwards in such a manner as to make the centre of the
sucking ring to correspond with the centre of the
cornea.
Then one applies the vacuum and the eye is

35 fixed in position.
' The member 2 is no more touched. The system is



.directions upon said vertical guide by nmeans of a first vertical |inear
~actuator; woogreess for operating and supporting the surgical iPSIATII0G099
borne, by the second 35 - support nenpeé;__a hori zontal plane integral wth
sai d second support nenber and endowed th a second verti cal | i near
actuator that ‘allows the raising and the [owering thereof in an autononous
e g beal B AABES! 1 oai0 means Tor posiLiontng ang vertically.
posi tioning of the portiorfheR cPne smeaspEegpdhg: qresaussr difndhe anee and
I nvention, all t&x@(yyyﬁaﬁ(ﬁréfukié@ecaﬂabéoyﬁitiyagaions of the _
apparatus can be control Iﬁlrg‘pgrl?u%r&ea pre- Eggrasmntageargqa%lér | ognaetéh%bl e
5 plane 11 are brought onto the ring 16 and then, through
the vertical actuator 8 one lowers the blade 9, kept
firm, up to skim the eye of the patient. ,

The cornea of the patient being a conductor,
when the blade 9 skims it one has another reference

10 point of the system. '

Indeed, from this point, the more the blade 9
'is lowered, the greater the diameter of the section.

One withdraws the blade 9  backwards,
horizontally, throﬁgh the actuator 5 and lowers it by

15 the quantity necessary to achieve the section of the
desired diameter. - | _

In this position, the plane 11 will go to find
itself on the eye of the patient.

By acting now on the ver:iéal.actuatdr 12, by

20 raising the plane 11, one determines the desired
thickness of the section. _ o

. At this point, one actuates the motor 10,
- making the blade 9 to rotate and the horizontal actuator
S, thereby achieving the section.

25 After finishing the section, one raises the
whole and brings back it.

To operate according to Ruiz's technique, it
will suffice to execute the second section and then
reapply the first removed lamella.

30 Where, on the contrary, it is desired to
execute Krumeich's technique, it will suffice to ;eﬁove
the arm 15 with the sucking ring 16 and substitute it
with an arm bearing a bench for working the lamella. '

One executes the correction of the 1lamella

35 which will thereafter reapplied to the patient.

The blade 9, moreover, can be substituted by a



central unit. 10 _ Preferably, said horizontal |inear actuator
- wi | I be cowip93ye9738f a continuous current notor, while the two RCI/ATZIA00099
“linear actuators will be conprised of two,stepper notors. Said second

| i-near actuator can also be 15 conprisetl of a nonius. In a preferred
enbodi ment of the apparatus according to the invention, the nmenber for .

operating and S“pBQ&Eingﬁdleéé’Ezgé&ﬂd?%n%ﬁé USEOL 1 GRS WL | s flade of
conti nuous current. notor wth a SpI nd earing, In a statl onary or
in a renovable AafAteP, onskhe seeion ls neecegmigedhe surgical

instrument will be preferablpheoppisénel Chvantebal hae Bledde demrTA ey Wi £

the notor and the spi e are_arranged at right, angles to the
_ sp cg.gJic referencg to som%'itsgpreferreg embodiments,

5 -~ but it 41is to be understood that variatioms and/or
modifications can be made by those skilled in the art,
without so getting out of the relevant protection scope.
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25 yertical guide. Mreover, a niller_ft“lﬂﬁﬂ“&ﬂu & ﬁ section can be
mounted o $hospgndl e. Again on the spi Lo on f eCTVER91/EDOHN

the cut lanelTa can be provided. 30 Preferably, said arm
coupled in a stationary or in a removab¥é& manner with said positioning
and raising neans wil bear, at its free end, the sucking ring, connected
“with the vacuum, source, for the positioning of the cornea. 35

- However, accordiﬁ&ﬁﬂyﬁqmatype of operation and of the stage of the sane,
upon it a bench for [err] '

1. An apparatus to automatically position and
operate surgical instrudents, particularly for
5 refractive keratic surgery, particularly for lamellar
refractive surgery, characterized in that it comprises
means for <correctly positioning the equipment 1in
correspondence with the operating cot; means for
vertically raising all the apparatus; a horizontal
- 10 guide; a first support member arranged, 'slideably, on:
said horizontal guide; a horizontal 1linear actuatbr
.qhich determines the slide, in both directions, of said
support member on the horizontal guide; a vertical
guide, integral with said first support member, at right
15 angles to said horizontal guide; a second support
member, slideable in both directions on said vertical
guide by means of a first vertical linear actuator{-a
memebr for operating and supporting the surgical
instrument, borne..by the second support member; a
20 horizontal plane integral with said second support
member and endowed with a second vertical 1linear
actuator which allows the raising and the lowering in an
autonomous manner with respect to the second support
member; and an arm, integral with said means for the
25 positioning and the vertical raising and bearing, at its
free end, a member for correctly positioning the portion

which it is operated upon. .
2. The apparatus according to Claim 1,
characterized in that it comprises a ‘pte-ptoétammed
30. surgeon settable central unit' for automatically
controlling all the operation and the various functions

of the apparatus.

3. The'apéaratus according to anyone of the
preceding claims, characterized in that said horizontal
35 linear actuator is comprised of a continuous current

motor.



-5 - working the lamella will be able to bﬂlm’
positionipqv ggflcot can be nade up of

mu” gﬁwr']eans for the: .
) o bpeTREY£/00099
t

ot her sinllébgﬁayhanlsns. 5 ~ The freahs f or e vertical raising
wili be able to be of a nmechanical andfoklpneumatic and/or hydraulic type.
The present invention vill be now disclosed, as a matter of illustration

but not of restriction, 10 according to a preferred enbodi nent theyeof
represented in the figure of <t h&P&nnBRRATAFURI NACTRESERE F£cHMat i sithe

view is shown of bbecaamagat d3adaeqr dicha rlae tleltd ziedvelhi Ovhathe sagdar Fiust
shown in the Tiguie proY}I¢3ndat®ace5ALeE 4Y nbdd uf JBIRCHEEpHERE o¥or."®
5. The apparatus .according to one of the
5 preceding claims, characterized in that said second
vertical linear actuator is made up of a stepper motor

or a nonius.
' 6. The apparatus according to .one of the
preceding claims, characterized in .that said member for

10 operating and supporting the surgical instrument is

fastening to the

comprised of a continuous current motor and of a'spindle
bearing, at its free end, in a fixed or removable
‘manner, said surgical instrument,
7. The apparatus according'to anyone of the
15 préceding.claims, characterized in that said surgical
instrument is comprised of a rotating blade. :
8. The apparatus according to anyone of Claims
-1 to 6, characterized in that said surgical instrument
is comprised of an oscillating blade. ) _
20 9. The apparatus according to Claim 6,
characterized in that a miller for correcting the
section is mounted on said spindle. |
~"10. The apparatus according to anyone of
Claims 6 to 9, characterized in that a spoon member for
25 taking in the cut lamella is provided on said spindle.
11. The apparatus according to anyone of the
preceding clkaims, characterized in' that said arm,
fixedly or removably.conhected with said positioning and
raising means, bears, at its free end, in a position
- 30 lower than the surgical instrument, a sucking ring
connected with the vacuum source.
12. The apparatus according to anyone of
Claims 1 to. 10, characterized in that a bench for
working the cut lamella is provided on said arm.
35 13. The apparatus according to anyone of the
preceding claims, characterized in that said means for



operative cot (not shown), above mhlch a nebfulﬂu“uu“" H“PE“ for raising
all the appwmbszypomg the cot, so as to be abl OS IfCT?1 91700099
The .assenbly connector 1- menber 2 bears, fin egral wi't h it, a

hori zontal guide 3 which serves to: p03|t}%n in a known manner, the whole

proper surgi cal

instrument ‘with respect to the eye of a patient It bears,
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notor, in that the type of action 3

requires a

conti nuous |i nearpm_ CIaimS, characterized in hat said Ver:ical
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35

raising means are of a mechanical andlor pneumatic
and/or hydraulic type. '
15. The apparatus to automatically position

and operéte surgical instruments, particularly

refractive - keratic surgery, particularly lamellar
refractive surgery, according to anyone of the preceding
claims, substantially as depicted and disclosed.
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(57) Abstract

An apparatus to automatically position and operate
surgical instruments, particularly for refractive keratic surg-
ery, particularly lamellar refractive surgery, comprising
means (1) for correctly positionning in correspondence
with the operating cot; means (2) for verticlaly raising all
the apparatus; a horizontal guide (3); a first support mem-
ber (4) slideably arranged on said horizontal guide (3), a
horizontal linear actuator (5), which determines the slide in
both directions of said support member (4) on the horizon-
tal guide (3); a vertical guide (6), integral with said first
support member (4), at right angles to the horizontal guide
(3); a second support member (7), slideable in both direc-
tions on said vertical guide (6) by means of a first vertical
linear actuator (8); a member for operating and supporting
(10, 13) the surgical instrument (9), borne by the second
support member (7); a horizontal plane (11) integral with
said support member (7). and endowed with a second verti- :
cal linear actuator (12) which allows its raising and lower-

. ing in an autonomous manner, and an arm (15), integral _ / '
with said means for the positioning (1) and the vertical rais- RRGEEEEGREY O YO MR

ing (2) and bearing, at its free end, a member (16) for cor- . / \

rectly positioning of the portion which it is operated upon.

e’




On thesarm 13 of the blade 9 a little spoon 14 for picking the cut lanella
i's provi deguoohgoess! y, to the arm 13 a tool -different from 10 pctireofzbésdo
9 can be applied, e.g. a mller, to carry out further stages of the
operative surgery. To said nmenber 2 an arm 15 is coupled i'-n an integral

but renovable manner, at its extremty that goes to find itself under the

bl ade 9 and the plane 11, 15 bearing a suciibg ring 16.- The sucki ng
system (not shown) of the sucking ring 16.ca /n provi ded inside the arm
15. As will be seen in the follow ng, the plane 11 allows the cut ‘thickness:
to ‘be adjusted, while the blade 20 13, raising and lowering itself

integrally with the support 7, allows the dianeter tg Lusted. In the
pl ace of the arm 15 and of the ring 16
. : ).-\8.
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ot her nmenbers necessary to carry out subsequent stages of the operative

surgery»can be provided. 25 Al'l the operation of the various
actuators 5, 8, 10 and 12 can be controlled by a pre-progranmed central
unit si nstructabl e step by step during the operative surgery. Conpared with
t he sucking ring enplyed for the 30 manual execution of keratonyl eusis
operation, the ring 16 hasn't to be endgwed wWith the guides for the slide.
of the mcrokeratonme, with the handle and with the raising and | oweri ng
mechani snms for finding the zero and determning the thickness of the cut or
section. 35 . To initiate an operative surgery wth the

apparatus represented iAN RPRARATOS! TS, AUTOMATICALLY POSITIONI AND OPERATE
SURGICAL INSTRUMENTS

The present invention relates to an apparatus
to automatically position and operate surgical
instruments, in particular for refractive keratic
surgery, in particular lamellar refractive surgery.

10 More particularly, the invention relates to an
apparatus of the said type, that allows surgical
techniques to be carried out with. an extreme safety and
a high repeatability. .

It is well-known that in all the fields of

15 surgery one tries to realize equipments that allow to
operate to a greater precision, and, moreover, allow
surgeons havin‘g not a very long experience to carry out
delicate operative surgeries.

This is even more true in those fields wherein -

20 it is operated upon delicate organs, and therefore is
particularly felt in ophthalmological surgery.

In this field, a very important. gQperation

consists in lamellar refractive surgery
(keratomyleusis). _
25 ‘ Keratomyleusis is a surgical methodology well

known to ‘those skilled in the a.:, originally set by
Prof. Barraquer. :

It has developed during years through three
techniques, and the relevant apparatuses have been

30 - realized by Barraquer himself, by Xrumeich and Swinger
and then by Ruiz.

Among the irarious equipments that make up the
set of the surgical instruments necessary t0 operate,
Barraqﬁer's technique provides the use of a sucking

35 metal ring which is applied on the eye of the patient

and whereop‘ﬂ&g&e&e&e&m&-ﬁlﬁs&.-__
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[err] - 7 - necessary to proceed to set all the ingErOme
is achieved by bringing, by nmeans of the horizont Nddiad
vertical actuator 8, the blade 9 into contact wit
conpletely 5 rai sing the plane 11. The ring 16
i nsulated with respect to the other conponents.
ring 16 are in contact one is in the ideal. positidn
di anet er and maxi mum thi ckness section. This isjthe first referenge
point. The actuator 12 also is insulated with respect To the actuator 10.
In order to be able to achieve the exact

keratic surface protrusion it is necessary to have a
complete set of sucking metal rings at disposal,

Before <carrying out the operation, one

S measures the intraocular pressure caused by the ring and
measures, by means of a precalibrated 1lens, the
lenticule diameter that would be obtained with that
particular ring.

Only after verifying these variables and

10 selecting the proper ring, one will be able to proceed
to the section of the lamella.

Obviously, all these operations render the
operation more difficult, less safe and longer.

- In the techinque set by Krumeich and Séinger
15 also the same type of sucking rings is employed.

In Ruiz‘'s technique, on the contrary, a series
is employed of pneumatic rings which present the same
‘already mentioned problens.

' Recently, in the Application for Italian
20 . Patent No. 48104-A/89 filed on June 21, 1989, an

' apparatus set has been suggested for carrying ' out
myopical or hypermetropical keratomyleusis wherein a
single sucking ring endowed with an adjustment ferrule
is provided, for determining the diameter of the flap to

25 be removed, and constituting a track for the sliding of
the microkeratome and the precalibrated leans.

As is apparent, such a solution constitutes a
considerable progress in comparison with the preceding
apparatuses in that it allows to rapidly determine the

30 diameter of the flap to be removed, to measure
intraocular pressure and to carry out the refractive
section. |

Subsequently, it has ‘been suggested, by the

same . Applicant, a further improvement of the latter

35 apparatus; and particularly a sucking ring realized with
an extremely simple mechanics, with a handle that allows



Then one | owers the plane 11 up to touch the 15 1gkL. T Lie.
a potential conditiog of zero ?hickness secti on. . THREPLAL ﬁﬂiggtéﬁé ?
reference point. Then one reraises the whole by a kKndgwn quantlty, y ine
of the actuator 8. At this point it is necessary tag b 3

the patient in correspondence with the sucking ring 146

| ayed down and

ri g 40
q%%e pa??enn its
IS made to stare at a-lgnknous poi nt}, ﬁﬁfkrng*rhe """ céntire

the cornea. After the anaesthesia and applying the jusual 25 operative
t echni ques, one positions the apparatus on the operative cot, causing t
sucki ng ring 16atwefyndaifiesqgdsiatibomingcofydhel ting poni the. epef @fe the

applying the v
the instrunenrt

10

15

20

25

30

35

In a .
excursions downwards and upwards.

All what has been disclosed above if on a hand
has allowed the operation technique to be more and more
improved, always maintains a very strict link between
the result of the operation and the ability of the
surgeon. )
This is true in that the result is strictly
connected with the ability of the surgeon.

Moreover, with these apparatuses of the amanual
type, it turns out to be very difficult to have a high
repeatahility of the operation.

In - view of the above, the Applicant has
thought of realizing an apparatus that allows the
aforementioned operative technique to be executed in an
automatic and absolutely repeatable manner.

It is therefore the specific object of the
present invention an apparatus for automatically
positioning and operating surgical instruments,
particularly for  refractive keratic " surgery,
particularly lamellar refractive surgery, comprising

in

ans
of

of

he

AR LBRAT b1 e8| REFeclt U1y 2 dtH ferabrd |

means for the correct positioning in correspondence with

the operating cot; means for vertically rdising all th§
apparatus; a horizontal guide; a first support member
arranged slideably wupon said horizontal guide;. a
horizontal linear actuator, which determines the slide,
in both diteétious, of said support member on the
horizontal guide; a vertical guide, integral with said
first support member, at right angles to the horizontal
guide; a second support member, slideable in both
directions upon said vertical guide by means of a first
vertical 1linear actuator; a member for operating and
supporting the surgical instrument, borne, by the second
support member; a horizontal plane integral with said
second support member and endowed with a second vertical



30 withdrawon position, and nmakes the patient a ' h such
a manner as to nmake the centre of the sucking ring ;gﬁﬁhﬁiﬁ KNG \ft he
centre of the cornea. Then one applies the vacuum and e eye s 35% ffixed
i n-position. The nenber 2 is no nore touched. The systle D _
[err] stationary. Then one neasures the pressure of nh;f %n&p? e fpnoper
operation can be initiated. Through he actuator.5 thelblade hg 5

pl ane 11 are brought onto the ring 16 and then, throlugh

10

15

20

25

30

35

linear actuator that allows the raising and the lowering
thereof in an autonomous manner; and an arm, integral
vith said means for positioning and vertically raising
and bearing, at its free end, a member for the correct
positioning of the portion which is to be operated.
According to the invertion, all the operation
and the various functions of the apparatus can be
controlled through a pre-programmed and surgeon settable

central unit,

Preferably, said horizontal linear actuator.
will be comprised of a continuous curreat motor, while

" the two vertical linear actuators will be comprised of

two stepper motors.
Said second 1linear actuator can also be
comprised of a nonius. :

In a preferred embodiment of the apparatus
according to the invention, the member for operating and
supporting the surgical instrument can be comprised of a
continuous current motor with a spindle bearing, in a
stationary or in a removable manner, said surgical
instrument. :

The surgical instrument will be preferably
comprised of a rotating blade, case in which the motor

‘and the spindle are arranged at right angles to the

vertical guide.

Moreover, a miller for correcting the section
can be mounted on said spindle.

Again on the spindle a little spoon for taking
in the cut lamella can be provided. .

Preferably, said arm, coupled in a stationary
or in a removable manner with said positioning and
raising means wil bear, at its free end, the sucking
ring, ‘connected with the vacuum source, for the
positioning of the cornea.

However, according to the type of operation
and of the stage of the same, upon it a bench for



the vertical actuator 8 one |lowers the blade 9, kept fir
eye of the patient. The cornea of the patient being a c
bl ade 9 skins it one has another reference 10 poi nt o ,
I ndeed, fromthis point, the nore the blade 9 is | owere

di aneter of the section. One wthdraws t he bl ade

thﬁ%ﬁg’?ﬁ}n : t: 9
horizontally, through the actuator 5 amgl lowers it by 1 ,LL !

necessary to achieve the section of the desired dianetegr. In this p05|t|?
the plane 11 will go to find itself on the eye of the patrent.
now on the vertisgetking ucherldfelby Wil beaisble toé e prowided., one

determines the desired tfﬁ&&ﬁ§§§sC¥pfr?hé*ﬁ%if%koniug upon- the cot can
be made up of a magnetic system, brackets or other
similar mechanisms.

5 The means for the vertical raising will be
able to be of a mechanical and/or pneumatic and/or
hydraulic type. )

The present invention will be now disclosed,
as a matter of illustration, but not of restriction,
10 according to a preferred embodiment thereof represented
in the figure of the annexed drawing wherein a schematic
side view is shown of the apparatus according to the
invention.
The apparatus shown in the figure provides a
15 connector 1 of a magnetic type for the fastening to the
operative cot (not shown), above which a meber 2 {s
provided for raising all the apparatus on the cb:, so as
to be able to correctly position it.
The assembly connector l-member 2 bears,
20 integral with it, a horizontal guide 3 which serves to
position, in a known manner, the whole proper surgical
instrument with respect to the eye of a patient.
It bears, slideably, a support structure &
wherewith the rest of the apparatus according to the
25 invention is coupled in an integral manner, in the way
that will be seen below. '
Said support 4 is made to slide upon the guide
3 by the linear actuator 5, which preferabli will be a
continuous current motor, in that the type of action

30 that it has to perform requires a continuous linear
' movement.

he SyS[enl y {

At the extremity opposite that for the
coupling with the guide 3, the support &4 integrally
bears a vertical guide 6 at right angles to the guide 3.

35 Upon said verticxal guide 6 a second support 7
slides actuated by the linear actuator 8 which, in this



At this point, one actuates the notor 10, making the bi|
the 'hori zontal actuator 5, thereby achieving the secti

REP] ACEMENT SHEET]

After finishing the section, one raises the whole and Brijngs back it. fo
operate according to Ruiz's technique, it will suffice| o &RRE 89t he
second section and then reapply the first renoved | anelfl 30 -

Were, on the contrary, it is deg ~ed to execute}Kruneich's

technique, it will suffice to renpve the arm15 with t
and substitute it with an arm bearing a bench for working the |lanella. One
execut es the ceasegt widlobet preifarably 35steppeshm@tpr.t hereafter reapplied

to the patient. The bl adgald MBupBYet: ?2™h&§ Sa'bSidcedicad bura, which
slides upon the vertical guide 6 and a horizontal arm
which bears the blade for cutting 9, and the relevant
5 c.c. motor 10, and the plane 11 with the relevant
vertical linear actuator 1l2. _
On the arm 13 of the blade 9 a little spoon 14
for picking the cut lamella is provided.
Obviously, to the arm 13 a tool different from
10 the blade 9 can be applied, é.g. a miller, to carry out
further stages of the operative surgery. -
~ To said member 2" an arm 15 is coupled in an
integral, but removable manner, at its extremity that
goes to find itself under the blade 9 and the plane 11,
15 bearing a sucking ring 16.
' _ The sucking system (not shown) of the sucking
ring 16 can be provided inside the arm 15.
As will be seen in the following, the plane 11
allows the cut thickness to be adjusted, while the blade
20 13, raising and lowering itself integrally with the
support 7, allows the diameter to be adjusted.
~ In the place of the arm 15 and of the ring 16
other members necessary to carry out subsequenﬁ stages
of the operative surgery can be provided.
25 All the operation of the various actuators 35,
8, 10 and 12 can be controlled by a pre-programmed
. central wunit instructable step by step during the
operative surgery.
Compared with the sucking ring emplyed for the
30 manual execution of keratomyleusis operation, the ting'
16 hasn't to be endowed with the guides for the slide of
the microkeratome, with the handle and with the raising
and lowering mechanisms for finding the zero and
determining the thickness of the cut or seztion.
35 To initiate an operative surgery with the
apparatus represénted in the figure, it is first of all



- 9 - mller for correcting the section where the existen

the section is recognized. The present invention has beenqggiﬁﬂiﬁﬁﬁﬁﬁiﬁﬁEFT

specific reference to sone its preferred enbodi nents, 5 Jut |t s t
e

be- understood that variations and/or nodifications can b tﬁW@e

skilled in the art, without so getting out of the rel evant rotecflon
scope. [err] REPLACEMENT SHEET -10-7 -

necessary to proceed to set all the instruments to zero.
This is achieved by bringing, by means of the
horizontal actuator 5 and the vertical actuator 8, the
blade 9 into contact with the ring 16, after completely
5 raising the .plane 11.
The ring 16 will be electtically insulated
with respect to the other components.
When the blade 9 and the ring 16 are 1in
contact one is in the ideal position for the maximum
10 diameter and maximum thickness section. This is the
first reference point. _ |
The actuator 12 also is insulated with respect
to the actuator 10.
Then one lowers the plane 11 up to touch the
15 sucking ring 16, i.e. in a potential condition of zero
thickness section. This is the second reference point.
Then one. reraises the whole by a known
quantity, by means of the actuator 8.
At this point it is necessary to bring the eye
20 of the patient in correspondence with the sucking ring
16. _
_ The patient is layed down and is made to stare
at a luminous point, marking the centre of the cornea.
' After the anaesthesia and applying the usual
25 operative techniques, one positions the apparatus on the
operative cot, causing the sucking rimg 16 to find
itself above the eye of the patient. |
Before applying the vacuum on the ring, one
brings, through the actuator 5, all the instrumenrt in a
30 withdrawon position, and makes the patient to stare
upwards in such a manner as to make the centre of the
sucking ring to correspond with the centre of the
cornea. ' -
Then one applies the vacuum and the eye is
35 fixed in position.
The member 2 is no more touched. The system is



CLAIMS: 1. An apparatus to automatically position and * operate
instruments, = particularly for 5 refractive keridgme o o,
particularly for lanmellar refractive surgery, charactighirafit
conprises neans for correctly positioning the ed
correspondence with the operating cot; neans for verﬂ
apparatus; a horizontal 10 QU|de-z£f+rst support
slideably, on said horizontal guide; a horizontal |i g ﬁ%
determines the slide, in both directions, of said suge rf nﬁ@F’éﬁq
hori zont al guiat®&tisnamyte cal guide, integral with said first support

menbert at rrtr)i ght I15d glrmieaﬁ obrl'.fhmﬁasd:ebon&héoakahsusaIdf :nla es}egaad
suppor nme er, Slideaple I n 0, | regti ons, o S vertil cal gul de y
e o o rRe RRARAE, oRaE AR A ke Latlacd ]

Through the actuator 5 the blade 9 and the
5 plane 11 are brought onto the ring 16 and then, through
" the vertical actuator 8 one lowers the blade 9, kept
firm, up to skim-the_eye of the patient..
The cqrnea:of the patient being a conductor,
when the blade 9 skims it one has another reference
10 point of the system. '
Indeed, from this point, the more the blade 9
is 1owered, the greater the diameter of the section.
One  withdraws the ©blade 9 ~backwards,
horizontally, through the actuator 5 and lowers it by
15 the quantity necessary to achieve the section of the
desired diameter. '
In this positiod, the plane 11 will go to find
itself on the eye of the patient.
By acting now on the vertical actuator 12, by
20 raising the plane 11, one determines the desired
thickness of the section. .
At this point, one actuates the motor 10,
making the blade 9 to rotate and the horizontal actuator
S, thereby achieving the section.
25 After finishing the section, one raisee the
whole and brings back it. ' )
' To operate according to Ruiz's technique, it
will suffice to execute the second section and then
reapply the first removed lamella, _
30 Where, on the contrary, it 1is desired to
execute Krumeich's technique, it will suffice to remove
the arm 15 with the sucking ring 16 and substitute it
with an arm bearing a bench for working the lamella.
One executes the correction of the lamella
35 which will thereafter reapplied to the patient.
The blade 9, moreover, can be substituted by a

surglca
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menebr  for operating and supporting the surgical inst
second support nenber; a 20 hori zontal plane inte
second support nenber and endowed with a second vertj{c
whi ch allows the raising and the |owering in an auton
respect to the second support nenber; and an arm intjegral v ans
for the 25 positioning and the ver®iecal raising an T
end, a nmenber for correctly positioning the portion
upon. ‘2. The ajParatEs according to glain11 chaﬁacterézed in
conprises a prerdebofarmEqrsgctiog, s sectipp, Ehere thf extstegpe of ¢
autonaticalIyaqmnepobhinbeabbct&enomsrgehognanddthe vari ous functions of
the apparatus. ‘3. The apRar Yrlitedtc Vet foh NP Wedl dffcribed with

specific reference to some its preferred embodiments,

5 but it 1is to be understood that variations and/or
modifications can be made by those skilled in the art,
without so getting out of the relevant protection scope.




precedi ng clainms, characterized in that said horizontal ”“nﬁﬂ"“““"m‘uml
actuat.or is conprised of a continuous current notor. [err]
apparatus according to one of the preceding clains, characterlzed ih thats *

sai.d first vertical linear actuator is nade_up-of. . _a-ste ‘motor. 5. The
apparatus according to one of the 5 prec REPQACENE%HES& Eﬁaracterized in
that said second vertical Iinear acjgaton irs—ede—up~of f ptepper notor

or a nonius. 6. The apparatus accordl ng tolone 01;; 6£8m6

CLAIMS:

1.-An'apparatus to automatically positioh and
operate surgical instruments,  particularly for
S refractive keratic surgery, particularly for lamellar
refractive surgery, characterized in that it comprises
means for correctly  positioning the equipment in
correspondence with the operating cot; means for
vertically raising all the apparatus; a horizontal
10 guide; a first suppott_membér arranged, slideably, on
said horizontal guide; a horizontal 1linear actuator
which determines the slide, in both directions, of said
support member on the horizontal guide; a vertical
guide, integral with said first support member, at right
15 angles to said horizontal guide; a second support
member, slideable in both directions on said vertical
guide by means of a first vertical linear actuator; a
memebr for operating and supporting the surgical
instrument, borne by the second support member; a
20 horizontal plane integral with said second support
member and. endowed with a second vertical linear
actuator which allows the raising and the lowering in an
autonomous manner with respect to the second support
member; and an arm, integral with said means. for the
25 pdsi:ioning and the vertical raising and bearing, at its
free end, a member for correctly positioning the portion
which it is operated upon. | .
. 2, The apparatus according to Claim 1.'
characterized in that it comprises a pre-programmed
30 surgeon settable central anit for automatically
controlling all the operation and the various functions
of the apparatus.
3. The apparatus according to anyone of the
.preceding claims, characterized in that said horizomtal
35 linear actuator is comprised of a continuous current
motor.



precedi ng clains, characterized in tha | PR PR 10

supporting the surgical instrument Rsﬁnlg‘égbrm SHEET con“mmmmuwummll
nmotor and of a spindle bearing, at i{s|{free end, ipnj fiXed®or" "
renovabl e manner, said surgical instrupept. 19DEﬂﬂ?9épp rlat us according to
anyone of the 15 preceding clains, chafacterized in f t said surgical
instrument is conprised of a rotatinggpl-ade. 8. The appafatus according to
anyone of Clains 1 to 6, characterized!d-fA-that-—-sai-d-st-gi cal instrunent is

. conprised of an oscillating blade. 20 9. The apparatus
according to Caim 6, hchamaeteappadaMnsthaccardiuzert¢cw°mbrﬂd%tmhg t he

section is nnuggggeﬁ ai 13l Ir]%ﬁgﬁééQg%fygaarthstﬁngrqhag.tqiggxone

of Clains 6 to cterlze a spoon nger
vercical linear actuator is made up © stepper motor.

S. The apparatus according to one of the
5 preceding claims, characterized in that said second
vertical linear actuator is made up of a stepper motor
or a nonius,
6. The apparatus according to one of the
preceding claims, characterized in that said member for

10 operating and suppc:ting the surgical instrument is
comprised of a continuous current motor and of a spindle
bearing, at 1its free end, in a fixed or removable
“manner, said surgical instrument.

7. The apparatus according to anyone of the -

15 preceding claims, characterized in that said surgical
instrument is comprised of a rotating blade.

8. The apparatus according to anyone of Claims
1 to 6, characterized in that said surgical instrument
is comprised of an oscillating blade.

20 9. The apparatus according to Claim 6,
characterized in that a miller for correcting the
section is mounted on said spindie.

~ 10, The apparatus according to anyone of

_ 61aims 6 to 9, characterized in that a spoon member for
25 taking in the cut lamella is provided on said spindle.

11. The apparatus according to anyone of the

preceding clkaims, characterized in that said arm,

fixedly or removably connected with said positioning and

raising means, bears, at its free end,-in a position

30 lower than the surgical instrument, a sucking ring
connected with the vacuum source.

12. The apparatus according to anyone of

Claims 1 to 10, characterized in that a bench for
wcrking the cut lamella is provided on said. arm.

35 13. The apparatus according to anyone of the

preceding claims, characterized in that said means for
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appar st s accor i ng 0 anyone o . precea: o cf ka . car dMINMINMNMIII

that. said arm
rai-si ng means,

fixedly or renpvably connected with said positi*oni®ng*an
bears, at its free end, in a position 30 | ower than

t he

surgical instrunment, a sucking ring connected with the vacuum source.
12. The apparatus according to anyorel®f= Clains 1 to 10, characterized
that a bench for working the cut lanella is provided on said arm 35
13. The apparatus according to anyone of the preceding clains,
characterized ithe pesisdianing #pdmthe qotr are comprised of a magnetic.

10

system, of brackets or other similar mechanisms.

14. The apparatus according to anyone of the
preceding claims, characterized in that said vertical
raising means are of a mechanical and/or pneumatic
and/or hydraulic type.

15. The apparatus to automatically position

in

and operate surgical instruments, particularly

refractive keratic surgery, particularly lamellar
refractive surgery, according to anyone of the preceding
claims, substantially as depicted and disclosed.

REPLACEMENT SHEET
| 19 pEC 9%




12 - the positioning upon the cot are conpri sed of a magnetic system of
bracket's or other simlar mechanisng. 14. ‘The apparatus according to anyone
of thé preceding clains, characterized in that said vertical 5 rai si ng
means are of a nechanical and/or pneumatic and/or hydraulic type. 15. The
apparatus to automatically position and operat e sur gi cal I nstruments,
particularly refractive keratic surgery, particularly lanellar 10

refractive surgery, according to anyoa§3Qf t he preceding cl ai s,
substantially as depicted and di scl osed. [err]

" AN APPARATUS TO AUTOMATICALLY POSITION AND OPERATE SURGICAL
INSTRUMENTS

ABSTRACT

An apparatus to automatically position and operate surgical
instruments, particularly for refractive -keratic surgery,
particularly lamellar refractive surgery, comprising means (1)
for correctly positioning in cor:espondence with the operating
cot; means (2) for vertically raising all the apparatus; a
horizontal gﬁide (3); a first support member (4) slideably
arranged on said horizontal guide (3), a horizontal 1linear
actuator (5), which determines the slide in both directions of
gaid support member (4) on the horizontal guide (3); a vertical
guide (6), integral with said first support member '(4), at right-
angles to the horizontal guide (3); a second support member (7),
glideable in both directions on said vertical guide (6) by means
of a first vertical linear actuator (8); a meémber for operating
and suppbrting (10, 13) the surgical instrument (9), borne by the
second support member (7); a horizontal plane (11) integral with
said support member (7) and endowed with a second vertical linear
actuator (12) which allows its raising and lovwering in an
autonomous manner, and an arm (15), integral with said means for
the positioning (1) and the vertical raising (2) and bearing, at
its free end, a member (16) .for correctly positioning of the
portion which it is operated upon.
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