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DESCRIPTION

Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention generally relates to the field of ophthalmology. More specifically,
the present invention relates to a system for smoothing an irregular surface of a cornea during
an opthalmological surgery, such as a femto refractive surgery.

Description of the Related Art

[0002] Femto refractive surgery has become fairly common in recent years for its high
accuracy and low risk approaches. Over the past decades, the systems along with the
operation procedures have been significantly improved to maximize the efficacy and minimize
the side effects of this type of surgeries.

[0003] For example, Kuehnert et al. in U.S. Patent No. 8491575 B2 describes a laser system
and the correcting apparatus for generating a correcting cut surface in the cornea of an eye to
correct ametropia. The system comprises a laser unit to emit pulsed laser radiation, a control
unit for control of the laser unit, as well as a contact element releasably coupled to the laser
unit and specifically adapted for the respective correcting cut surface. The pulse duration is, for
example, within the femtosecond range (e.g. 50 to 800 fs), with a pulse repetition rate of
between 10 and 500 kHz.

[0004] The pulsed laser radiation is focused through the contact element into the cornea of an
eye. Focusing is effected by two deflecting mirrors that form a movable scanner and by the
optics. Scanning occurs under the control of the control unit, so that basically any desired
locations in the cornea can be exposed to the pulsed laser radiation. The control unit controls
the laser unit such that an optical breakthrough is generated at the respective focus position in
the cornea to separate tissue. The focus positions are selected to be adjacent to each other
such that a desired cut surface is present in the cornea.

[0005] The laser unit and control unit disclosed in U.S. Patent No. 8,491 575 can be utilized,
for example, in the same manner as in a conventional laser keratome, such as used in the so-
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called LASIK method (laser in situ keratomileusis) to cut a thin lamella (often referred to also as
flap) which is unilaterally detached from the cornea. Thus, the optics, merely represented as a
lens, can comprise several optical elements are suitably arranged along the beam path from
the laser up to the contact element. For example, the apparatus may further comprise at least
a third contact element, which imposes a further curvature upon the anterior corneal surface
when contacting the latter, the further curvature deviating from the standard curvature as well
as from the actual curvature of the second contact element, and thus has the effect that a cut
surface generated using the standard setting results in a further correcting cut surface.

[0006] Moreover, the contact surface of the corresponding contact element defining the actual
curvature may be flexible. The flexibility is selected such that minor irregularities can be
compensated for although on average the actual curvature is imposed upon the anterior
corneal surface. This has the advantageous effect that the correcting cut surface to be
generated has an extremely smooth profile. However, while the flexibility may be achieved, for
example, by a thin, flexible layer, e.g. a gel layer, forming the contact surface, which is in turn
applied to a contact element carrier that is rigid with respect to the cornea, the flexible layer
disclosed in U.S. Patent No. 8,491 575 is pre-molded and has limited ability to deform in situ to
fit into the corneal surface irregularities.

[0007] Therefore, there is a recognized need in the art for an opthalmological surgical system
and method that comprises a gel layer that fills the irregularities on the anterior surface of a
cornea. Particularly, the prior art is deficient in an opthalmologically useful gel to smooth the
irregularities in a femto refractive surgery. The present invention fulfills this long-standing need
and desire in the art.

[0008] Furthermore, U.S. Patent Publication No. 20100210996 describes a method for laser
correction of refractive errors of an eye with a thin cornea by patterned crosslinking.

[0009] Since this method relies on linear single-photon absorption of riboflavin, its spatial
resolution, especially along the depth dimension, is inherently poor.

[0010] Other references also describe the application of a solution on the corneal surface prior
to laser ablation to promote smoothing of the corneal surface. For example, U.S. Patent No.
6,589,558 describes the preparation of centered photoablatable modulators on the corneal
surface which is fully thermoreversible and can be heated above its solution to gel transition
point prior to use in order to form a homogenous solution. U.S. Patent No. 5,492,135 describes
the use of biologically compatible collagen solutions on the surface of human cornea prior to
photoablation keratectomy. However, this collagen film is made from telopeptide poor in
collagen which is modified with glutaric anhydride.

SUMMARY OF THE INVENTION

[0011] The present invention is directed to a system for smoothing an irregular corneal surface
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of an eye to correct vision in a subject. The system comprises a laser unit comprising a pulsed
laser emitter and a laser control unit in electronic communication with the laser unit. A corneal
contacting unit is in electronic communication with the laser control unit and is positionable
proximate to a corneal surface. A gel solidifying unit is configured to initiate a polymerization or
a thermo-reversible solidification of a gel composition. An electronic device comprising a
processor and a memory tangibly stores an algorithm comprising processor-executable
instructions configured to operate the units.

[0012] Described herein but not being part of the claimed invention is a method for smoothing
an irregular surface of a cornea in an eye prior to an ophthalmological surgical procedure. The
method comprises applying a polymerizable or thermo-reversible gel to an anterior corneal
surface of the eye and molding the gel over the anterior corneal surface. The gel is solidified,
via the gel solidifying unit comprising the system described herein, as a layer covering the
anterior corneal surface, thereby smoothing irregularities present in the corneal surface.

[0013] Described herein but not being part of the claimed invention is also a method for
performing a surgical procedure to correct a defect in eyesight of a subject. The method
comprises forming a solidified gel layer of a minimum thickness over an anterior corneal
surface of an eye via the system described herein. A first correcting surface cut is lasered on
the cornea through the solidified gel layer and the solidified gel layer is removed. The anterior
corneal surface of the eye is contacted with a second contact element. A vacuum is applied to
form a second curvature defined by the contacting surface of the second contact element to
the anterior surface of the cornea. A second surface cut is lasered when the vacuum is applied
where the second surface cut intersects the first correcting surface cut such that a lenticel is
formed in the cornea. The lenticel is removed from the cornea to form a corrected corneal
curvature thereby correcting the defect in eyesight of the subject.

[0014] Other and further aspects, features, and advantages of the present invention will be
apparent from the following description of the presently preferred embodiments of the
invention given for the purpose of disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that the matter in which the above-recited features, advantages and objects of the
invention, as well as others that will become clear, are attained and can be understood in
detail, more particular descriptions of the invention briefly summarized above may be by
reference to certain embodiments thereof that are illustrated in the appended drawings. These
drawings form a part of the specification. It is to be noted, however, that the appended
drawings illustrate preferred embodiments of the invention and therefore are not to be
considered limiting in their scope.

FIG. 1 is a schematic representation of the positioning of a contact element with respect to the
anterior corneal surface prior to applanation of the cornea.
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FIG. 2 is a schematic representation of the standard surface cut generated in the cornea
during applanation by the contact element using femtolaser technology.

FIG. 3 is a schematic representation of the application of an amount of gel over a corneal
surface irregularity.

FIG. 4 is a schematic representation of the placement of the contact element for molding the
gel.

FIG. 5 is a schematic representation of the use of a contact element to form a gel layer of a
minimum thickness between the irregular corneal surface and the contacting surface of the
contact element.

FIG. 6 is a schematic representation of the application of UV radiation for solidification of the
gel.

FIGS. 7A-7B are schematic representations of creating the first correcting cut into the stroma
using a femto-laser beam delivered through a first contacting element with a concave (FIG. 7A)
or a flat (FIG. 7B) flap contacting surface.

FIG. 8 is a schematic representation of the cornea and first correcting surface cut after
removal of the gel.

FIG. 9 is a schematic representation of the contact element in contact with the cornea and first
correcting cut after applying a vacuum without a gel layer.

FIG. 10 is a schematic representation of creating the second correcting surface cut into the
stroma using a femto-laser beam delivered through a second contacting element with a
concave (FIG. 10A) or a flat (FIG. 10B) flap contacting surface.

FIG. 11 is a schematic representation of the first and second correcting surface cuts and the
intrastromally created lenticel.

FIG. 12 is a schematic representation of the corneal surface with the corrected curvature.

DETAILED DESCRIPTION OF THE INVENTION

[0016] As used herein in the specification, "a" or "an" may mean one or more. As used herein
in the claim(s), when used in conjunction with the word "comprising”, the words "a" or "an" may
mean one or more than one.

[0017] As used herein "another” or "other" may mean at least a second or more of the same or
different claim element or components thereof. Similarly, the word "or" is intended to include
"and" unless the context clearly indicates otherwise. "Comprise" means "include."
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[0018] As used herein, the term "about" refers to a numeric value, including, for example,
whole numbers, fractions, and percentages, whether or not explicitly indicated. The term
"about" generally refers to a range of numerical values (e.g., +/- 5-10% of the recited value)
that one of ordinary skill in the art would consider equivalent to the recited value (e.g., having
the same function or result). In some instances, the term "about" may include numerical values
that are rounded to the nearest significant figure.

[0019] As used herein, the term "lenticel" refers to the area on a cornea formed when
correcting surface cuts and standard surface cuts are made on the anterior corneal surface of
an eye. Removing the so formed lenticel creates a desired curvature of the cornea that
corrects a defect in eyesight.

[0020] As used herein, the term "subject" refers to a recipient of the methods to correct a
defect in vision via the systems described herein. Preferably, the subject is a human.

[0021] In one embodiment of the present invention, there is provided a system for smoothing
an irregular corneal surface of an eye to correct vision in a subject, comprising a laser unit
comprising a pulsed laser emitter; a laser control unit in electronic communication with the
laser unit; a corneal contacting unit in electronic communication with the laser control unit
positionable proximate to a corneal surface; a gel solidifying unit configured to initiate a
polymerization or a thermo-reversible solidification of a gel composition; and an electronic
device comprising a processor and a memory tangibly storing an algorithm comprising
processor-executable instructions to operate the units.

[0022] In this embodiment the laser emitter may be configured to pulse laser radiation within a
femtosecond range with a frequency of about 10 Hz to about 500 kHz. Also, the laser control
unit may be configured to control a duration, positioning and intensity of the emitted pulsed
laser radiation. In addition the algorithm may comprise processor-executable instructions to
identify a curvature to achieve a desired final corneal curvature.

[0023] Also in this embodiment an example of a polymerizable gel may be polyurethane
methacrylate (PUMA). In another example the polymerizable gel comprises a polyester and a
catalyst Methyl Ethyl Ketone Peroxide (MEKP). In yet another example, the polymerizable gel
may be a hydrogel. In addition in this embodiment, a thermo-reversible gel composition may
comprise a soluble collagen solution. Examples of the collagen are a porcine collagen, a
bovine collagen or a combination thereof.

[0024] In one aspect of this embodiment the corneal contacting unit may comprise a first
contact element having a concave contacting surface removably contactable with an anterior
corneal surface with the gel composition applied thereon; a second contact element having a
concave or flat contacting surface removably contactable with an anterior corneal surface
without the solidified gel applied thereon; and a vacuum applicator disposed on the second
contact element configured to produce a curvature of the anterior corneal surface
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corresponding to a curvature of the concave contacting surface. In this aspect, when a mean
corneal index is about 1.4 Diopters, a difference of a corneal refractive index between the
cornea and a solidified gel composition is less than about 0.5 Diopter.

[0025] In another aspect the gel solidifying unit may comprise an ultraviolet light emitter
configured for triggering a polymerization of a polymerizable gel composition; a cooling unit
configured for solidifying a thermos-reversible gel composition by cooling or a combination
thereof; a liquid emitter configured to apply a catalyst on a solidified polymerized resin; or a
combination thereof. Further to this aspect, the gel solidifying unit may comprise an applicator
configured to apply the gel composition between the anterior corneal surface and the
contacting surface of the corneal contacting unit.

[0026] In another embodiment of the present disclosure there is provided a method for
smoothing an irregular surface of a cornea in an eye prior to an ophthalmological surgical
procedure, comprising the steps of applying a polymerizable or thermo-reversible gel to an
anterior corneal surface of the eye; molding the gel over the anterior corneal surface; and
solidifying the gel via the gel solidifying unit comprising the system as described supra as a
layer covering the anterior corneal surface, thereby smoothing irregularities present in the
anterior corneal surface.

[0027] In one aspect of this embodiment the applying step may comprise delivering via an
applicator a minimum amount of the gel onto the corneal surface.

[0028] In another aspect the molding step may comprise selecting a first contact element
having a concave surface curvature corresponding to a curvature effective to correct a defect
in eyesight; and positioning the contact element on the cornea such that the gel interfaces with
the concave surface of the contact element and the anterior corneal surface of the eye.

[0029] In yet another aspect the solidifying step may comprise irradiating the polymerizable gel
layer with ultraviolet radiation. Alternatively, the solidifying step may comprise cooling the
thermo-reversible gel layer. In another alternative, the solidifying step may comprise chemically
fixing the gel composition by applying a chemical fixation agent.

[0030] In yet another embodiment of the present disclosure there is provided a method for
performing a surgical procedure to correct a defect in eyesight of a subject, comprising the
steps of forming a solidified gel layer of a minimum thickness over an anterior corneal surface
of an eye via the system as described supra; lasering a first correcting surface cut on the
cornea through the solidified gel layer; removing the solidified gel layer; contacting the anterior
corneal surface of the eye with a second contact element; applying a vacuum to form a second
curvature defined by the contacting surface of the second contact element to the anterior
surface of the cornea; lasering a second surface cut when the vacuum is applied, where the
second surface cut intersects the first correcting surface cut such that a lenticel is formed on
the cornea; and removing the lenticel from the cornea to form a corrected corneal curvature
thereby correcting the defect in eyesight of the subject.



DK/EP 3512475 T3

[0031] In an aspect of this embodiment the step of forming a solidified gel layer may comprise
delivering via an applicator a minimum amount of a polymerizable gel, a polymerized resin or a
thermo-reversible gel onto the corneal surface; positioning a first contact element on the
cornea such that the gel interfaces with a concave contacting surface of the first contact
element and the anterior corneal surface of the eye; and irradiating the polymerizable gel layer
with ultraviolet radiation or cooling the thermo-reversible gel or chemically modifying the
polymerized resin, thereby solidifying the gel. In this aspect the prior to the positioning step, the
method may comprise applying an algorithm to identify a first curvature corresponding to the
first surface cut and a second curvature corresponding to the second surface cut; selecting a
first contact element having a contacting surface curvature corresponding to the first curvature;
and selecting a second contact element having a contacting surface curvature corresponding
to the second curvature. Further to these aspects, the method may comprise applying the
algorithm to configure a laser to cut the cornea to produce a first cut surface with a curvature
corresponding to the first curvature of the selected first contact element, and a second cut
surface with a curvature corresponding to the second curvature of the selected second contact
element.

[0032] In another aspect of this embodiment, the lasering steps may comprise selecting a
duration, positioning and intensity of laser radiation; and pulsing the laser radiation within a
femtosecond range with a frequency of about 10 Hz to about 500 kHz to produce the first and
second cut surfaces.

[0033] Provided herein are systems and methods for smoothing an irregular anterior surface
of a cornea during an ophthalmological surgical procedure, for example, a femto refractive
surgery. Surface smoothing is done by applying a biocompatible composition, such as a
polymerizable or thermo-reversible gel or collagen composition, as a layer over the anterior
corneal surface of the eye. A vacuum applied to the composition forms a layer of a minimum
thickness between the corneal surface and the applanation component of a contact element,
such as a concave contacting surface, of the surgical system disposed over the corneal
surface. Upon solidification the layer fills any surface irregularities present on the corneal
surface and provides a smooth interface. The composition is applied by any suitable means
known in the art, for example, but not limited to, a syringe-like applicator.

[0034] The biocompatible composition may comprise, but is not limited to, a polymerizable gel,
such as polyurethane methacrylate. Alternatively, the biocompatible composition may be a
thermally modified gel or thermo-reversible collagen composition. The thermally modified gel
may comprise a chemically modified soluble collagen solution and a polymerization agent.
Examples of a thermo-reversible collagen composition include, but are not limited to, soluble
porcine collagen, bovine collagen or other type of collagen or a combination thereof.
Solidification of the composition is initiated by the application of ultraviolet light or cooling as is
known in the art. Further the biocompatible composition may comprise a resin polymerized by
a catalyst. An example of a polymerized resin is a polyester polymerized by Methyl Ethyl
Ketone Peroxide (MEKP).
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[0035] The system described herein comprises a plurality of units in electronic communication
that are configured to produce the smoothing layer and to generate one or more surface cuts
in the stroma of the cornea. For example, the system may generally comprise a laser unit with
a pulsed laser emitter and a laser control unit. The laser is configured to emit pulsed laser
radiation and is controlled by the control unit to generate one or more correcting surface cuts
on the corneal stroma to produce a smoothed corneal surface with a final curvature selected to
correct one or more defects in a subject's eyesight. In a non-limiting example, the laser
radiation may be pulsed with a femtosecond range with a frequency of about 10 Hz to about
500 kHz. The control unit controls at least the duration, positioning and intensity of the emitted
pulsed laser radiation.

[0036] The corneal contacting unit applanates the solidified layer and/or the anterior corneal
surface via the application of a vacuum prior to generating the correcting surface cuts thereon.
The contact element comprising the unit provides, with the corneal surface, a boundary for the
solidified gel or collagen interface. The contacting element may have a concave or a flat
contacting surface. The system also comprises a gel solidifying unit with which the
biocompatible composition is applied and solidified as described herein. For example, the
solidifying unit may comprise an ultraviolet light emitter and/or a cooling unit to effect
polymerization or solidification.

[0037] Generally, the system comprises an electronic device, such as a computer or smart
device as are known in the art, having a memory, a processor and at least one network
connection, on which to tangibly store one or more algorithms. The algorithm(s) comprise
processor-executable instructions that function to or are configured to operate the units
comprising the system. Particularly, the algorithm executes to identify a curvature to achieve a
final corrected corneal curvature and/or to configure a laser to cut the cornea to produce the
first and second cut surfaces with a curvature corresponding to the curvature of the selected
contact element.

[0038] Also provided are methods of using the described system. For example the system is
useful for smoothing an irregular surface of a cornea in an eye prior to an ophthalmological
surgical procedure, such as a femto refractive surgery. Moreover, the system provided herein
may be used to perform a surgical procedure to correct a defect in eyesight of a subject. As
described herein, after producing the solidified smoothing layer over the anterior corneal
surface, a final desired curvature may be determined and the correcting surface cuts planned
to effect a correction in eyesight. The skilled person well knows that the selection of
applanation curvatures and final corrective curvatures depend on the particular subject and
their specific defects in vision.

[0039] As described below, the present disclosure provides a number of advantages and uses,
however such advantages and uses are not limited by such description. Embodiments of the
present invention are better illustrated with reference to the Figure(s), however, such reference
is not meant to limit the present invention in any fashion. The embodiments and variations
described in detail herein are to be interpreted by the appended claims, which define the scope
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of the claimed invention.

[0040] FIG. 1 depicts a general system without a gel layer or interface disposed between the
contact element, such as a flap contact glass 1a of the system and the anterior corneal surface
4. In the surgical system the laser unit and the control unit (not shown) are configured to cut a
flap using the flap contact glass 1a. The standard setting is defined here for the flap contact
glass 1a which comprises an inner, concavely curved contact surface or flap contact surface
2a that faces or is disposed proximately to the cornea 3. The standard setting for the control
unit is adapted to the flap contact glass 1a and to the curvature imposed upon the anterior
corneal surface 4 by the flap contact surface 2a, such that the standard surface cut 5 (the
dashed line in FIG. 2) can be generated.

[0041] With continued reference to FIG. 1, FIG. 2 illustrates the standard surface cut 5
generated during a cutting operation once the anterior corneal surface 4 has the standard
curvature predetermined by the flap contact surface 2a of the flap contact glass 1a. The
standard surface cut 5 is generated such the distance from the cut surface to the anterior
corneal surface 4 is constant. In order to create the desired cut, an opening cut 6 extending
substantially perpendicular from the anterior corneal surface is made. In FIG. 2, the profile of
the anterior corneal surface 4 is depicted with a natural curvature without the irregularities,
such as a recess, that occur in an actual cornea. Thus, the standard surface cut § generated
relative to the corneal surface 4, known as a reference surface, is depicted with the same
curvature. The standard surface cut 5§ described in FIG. 2 is not representative of a desired
correcting surface cut to correct defective eyesight (ametropia), but serves to characterize the
standard setting for the control unit.

[0042] FIG. 3 illustrates how a small quantity of a suitable gel 7 is applied to the cornea. A
syringe-like or other type of gel applicator 8 enables a user to control the amount and
placement of the composition onto the anterior corneal surface.

[0043] FIG. 4 shows that the flap contact glass, known as the first contact element 1a, is
positioned over and in contact with the applied gel 7. The contact surface 2a works as a
molding surface to mold the applied gel over and into the irregularities on the anterior corneal
surface.

[0044] FIG. 5 illustrates how the flap contact surface 2a creates a new surface over the
anterior corneal surface with a minimal quantity of gel 7 filing the space between the corneal
surface and the molding surface of the first contact element 1a. The gel 7 imposes an actual
curvature upon the cornea 3, which is modified as compared to the standard curvature. For
this purpose preoperative corneal topography or keratometry data can be utilized to
predetermine the given corneal surface curvature for the correction of the irregularities
including the ammetropia. In general, methods similar to these used for contact lens fitting can
be used for flap contact glass selection. For vision correcting, the use of a flap contact glass, or
first contact element 1a, that optimally fits the to be treated cornea 3 is imperative. The flap
contact glass 1a may be selected from a series of pre-existent flap contact glasses.
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[0045] With continued reference to FIG. 5, FIG. 6 illustrates the polymerization of a
polymerizable gel to form the gel layer 7 as a layer of minimum thickness over the irregular
corneal surface after positioning of the flap contact glass. The delivery of ultraviolet (UV)
radiation initiates polymerization of the gel. The polymerized gel layer or interface smooths out
the corneal irregularities.

[0046] FIGS. 7A-7B depict the first correcting surface cut 9 illustrated by a dotted line. In FIG.
7A a first contacting element 1a has a concave flap contacting surface 2a that is in contact with
the polymerized gel layer 7. In FIG. 7B a first contacting element 1b has a flat flap contacting
surface 2b in contact with the polymerized gel layer (FIG. 7B). The first correcting cut 9
through the polymerized gel layer is generated by pulses in a femtosecond range of laser
radiation via the laser and laser control units (not shown) using the standard setting as known
in the art.

[0047] FIG. 8 depicts first correcting cut surface 9 after the femtosecond laser cut is completed
after the first contact element 1a (see FIG. 7A) and the remaining polymerized gel layer are
removed from the cornea.

[0048] FIG. 9 illustrates how the second flap contact glass, know as the second contact
element 1c, is positioned on the first correcting cut surface 9 of the cornea 3 after the first
correcting cut is made. Vacuum, which is applied on the second contact element, is used to fit
the first correcting cut surface on the cornea to contact the concave surface or concave
molding surface 2¢ without the gel.

[0049] FIGS. 10A-10B depict a second cut or standard cut 10, shown by a dashed line that is
generated via laser radiation as described. FIG. 10A shows a second contact element 1¢ with
a concave molding surface 2c¢ disposed over the cornea 3 with the polymerized gel layer
removed. FIG. 10B shows a second contact element 1d with a flat molding surface 2d
disposed to flatten and mold to the cornea without the gel (FIG. 10B). The second standard cut
10 and the first correcting surface cut 9 together produce a lenticel 11 (see FIG. 11).

[0050] FIG. 11 illustrates that after the second flap contact glass 1c¢ is removed from the
cornea both the correcting cut surface 9 and the second standard cut 10 confine the desired
lenticel 11. For correction of defective eyesight, a corneal lenticel 11 has to be separated from
the cornea 3, such that the thus-modified curvature of the anterior corneal surface results in
the desired correction of defective eyesight.

[0051] FIG. 12 depicts the anterior corneal surface 12 after the lenticel is removed from a
small incision. After removal the second standard cut surface 10 comes to rest on the first
correcting cut surface 9 and forms the anterior corneal surface 12 with the desired curvature
so that the correction of defective eyesight is achieved. The profile of the distance between the
correcting cut surface and the anterior corneal surface or the reference surface varies patient
by patient.
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[0052] The present invention is well adapted to attain the ends and advantages mentioned as
well as those that are inherent therein. The particular embodiments disclosed above are
illustrative only, as the present invention may be modified and practiced in different but
equivalent manners apparent to those skilled in the field having the benefit of the teachings
herein. Furthermore, no limitations are intended to the details of construction or design herein
shown, other than as described in the claims below. It is therefore evident that the particular
illustrative embodiments disclosed above may be altered or modified and all such variations
are considered within the scope of the present invention.
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Patentkrav

1. System til glatning af en uregelmeessig hornhindeoverflade i et gje, hvilket system omfatter:

10

15

20

25

30

en laserenhed omfattende en impulslaseremitter;
en laserstyreenhed i elektronisk kommunikation med laserenheden;

en hornhindekontaktenhed i elektronisk kommunikation med laserstyreenheden,
der kan positioneres nagr en hornhindeoverflade (4) og omfatter et ferste
kontaktelement (1a) med en farste konkav kontaktflade (2a), der aftageligt kan
bringes i kontakt med en forreste hornhindeoverflade med en gelsammensaetning
pafert derpa, et andet kontaktelement (1c) med en anden konkav kontaktflade (2c),
der aftageligt kan bringes i kontakt med den forreste hornhindeoverflade uden den
sterknede gel pafert derpa, og en vakuumapplikator, der er anbragt pa det andet
kontaktelement og er konfigureret til at frembringe en krumning af den forreste

hornhindeoverflade (4) svarende til en krumning af den anden kontaktflade (2¢);

en gelstarkningsenhed, der er konfigureret til at initiere en polymerisation eller en

termoreversibel starkning af en gelsammenseetning (7); og

en elektronisk anordning omfattende en processor og en hukommelse, der konkret
lagrer en algoritme omfattende processoreksekverbare instrukser om at drive

enhederne;
hvor

den fgrste konkave kontaktflade (2a) har en fgrste krumning, og den anden konkave
kontaktflade (2¢) har en anden krumning, der hver for sig er konfigureret pa en
sadan made, at et feorste korrektionsoverfladesnit (9) og et andet
korrektionsoverfladesnit (10) pa den uregelmaessige hornhindeoverflade skaerer

hinanden, sa der dannes en lenticel; og

hvor hornhindekontaktenheden yderligere omfatter et farste kontaktelement (1b)
med en flad kontaktflade (2b), der aftageligt kan bringes i kontakt med den forreste
hornhindeoverflade med gelsammenseetningen pafert derpa, og et andet
kontaktelement (1d) med en flad kontaktflade (2d), der aftageligt kan bringes i

kontakt med den forreste hornhindeoverflade uden den sterknede gel pafert derpa.

2. System ifglge krav 1, hvor laseremitteren er konfigureret til at pulsere laserstraling inden for et

femtosekundomrade med en frekvens pa ca. 10 Hz til ca. 500 kHz.
1
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System ifglge krav 1, hvor laserstyreenheden er konfigureret til at styre en varighed,

positionering og intensitet af den emitterede pulserede laserstraling.

System ifslge krav 1, hvor en difference i et hornhindebrydningsindeks mellem hornhinden og
en sterknet gelsammensaetning, nar et gennemsnitligt hornhindeindeks er ca. 1,4 dioptri, er

mindre end ca. 0,5 dioptri.

System ifslge krav 1, hvor gelsterkningsenheden omfatter:

en emitter af ultraviolet lys, der er konfigureret til at udlgse en polymerisation af en

polymeriserbar gelsammenseetning,

en keleenhed, der er konfigureret til at fa en termoreversibel gelsammenseetning til

at sterkne ved hjeelp af ksling;

en vasskeemitter, der er konfigureret til at anvende en katalysator pa en sterknet

polymeriseret resin;

eller en kombination deraf.

System ifglge krav 5, hvor gelst@rkningsenheden yderligere omfatter en applikator (8), der er
konfigureret til at pafere gelsammensastningen mellem den forreste hornhindeoverflade og

hornhindekontaktenhedens kontaktflade.

System ifslge krav 1, hvor den polymeriserbare gel omfatter polyurethanmetharylat (PUMA).

System ifalge krav 1, hvor den polymeriserbare gel omfatter en polyester og en katalyserende
methylethylketon-peroxid (MEKP).

System ifslge krav 1, hvor den polymeriserbare gel er en hydrogel.
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10. System ifslge krav 1, hvor den termoreversible gelsammensaetning omfatter en opl@selig

kollagenoplasning.

11. System ifslge krav 1, hvor kollagenen er svinekollagen, kveegkollagen eller en kombination
5 deraf.

12. System ifglge krav 1, hvor algoritmen omfatter processoreksekverbare instrukser til

identifikation af en krumning for at opna en endelig korrigeret hornhindekrumning.
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