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aser-assisted in situ keratomileusis, better
known as LASIK, is a surgical procedure for reducing refractive error in the eye. In this procedure, a device called a microkeratome is used to shave
a thin, hinged flap in the cornea. The flap is folded
back to expose the internal tissue of the cornea. Pulses
from an excimer laser operating at a wavelength of
193 nm are then delivered to this tissue to modify its
shape. This wavelength is used because it ablates tissue
without extensive collateral damage and because it has
low mutagenicity.
Upon repositioning the flap, the sculpted pattern is
transferred to the front surface of the cornea. To correct for near-sightedness, or myopia, the radius of curvature of the anterior cornea is made longer, thus reducing the overall power of the eye. Conversely, to correct for far-sightedness, or hyperopia, the radius of the
cornea is made shorter to increase the power of the
cornea and eye. To correct for astigmatism, a toric pattern is ablated into the cornea.

L

LASIK was first made available to the general population in the United States in 1996, a year in which
roughly 15,000 procedures were performed. Over the
past 12 months, approximately 1.5 million LASIK procedures have been performed in the U.S. Since approximately 140 million adults in this country suffer from
refractive error, the demand for refractive surgeries
such as LASIK over the next twenty years will be staggering. Because of the increasing demand for this procedure, as well as competition among manufacturers
of excimer laser systems for refractive surgery, the
technology and techniques for the LASIK procedure
have evolved quickly and may offer dramatic enhancements to the visual performance of those people undergoing the procedure. This article summarizes the
optical technology involved in the original LASIK procedures, looks at the evolution to the current generation of refractive surgery, and speculates on some additional modalities that may replace or compliment
LASIK in the future.
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spherical aberration. The positive spherical aberration is then partially compensated by the negative spherical aberration inherent to the crystalline lens of the eye.
Following refractive surgery based on
paraxial assumptions, the cornea typically
takes on an oblate ellipsoidal shape. The
resulting change in the asphericity of the
cornea causes a dramatic increase—on the
order of two to ten times natural levels—
in the spherical aberration of the eye. Increased spherical aberration does not necessarily affect visual performance under room or
daylight conditions because of the restricted size
of the pupil. However, as
the pupil dilates in a darkened environment, visual
effects such as glare and
haloes can be seen.

Customized LASIK
similarly measures the
subtle features of an
individual’s optical
error and can deliver a
tailored treatment to
his or her eye.

wave front causes the spacing between the
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uniform. An aberrated wave front causes
nonuniform spacing between the various
focal spots. Knowledge of the distortion in
the pattern of focal spots allows the aberrated wave front to be reconstructed. With
the aberrations in hand, an ablation pattern to compensate for the aberrations of
the eye can be developed.
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resolution level to the theoretical limit of
on the mask. In the presence of aberraabout 20/8 and improve low-contrast vi- which evolved out of the astronomy com- tions, the grid pattern becomes distorted.
sion as well. While extensive marketing has munity and was first developed to meas- Measurement of the grid pattern is actouted the possibility of super-vision with ure aberrations caused by atmospheric complished via a modified fundus camera
these new technologies, the true benefit of turbulence. In the application of the that photographs the grid pattern on the
these techniques will be to reliably provide Shack-Hartmann technique to the eye, a retina. The distortions in the retina grid
high quality, low aberration vision after dim laser beam enters the eye and is fo- give the transverse ray errors for each penLASIK surgery. Future treatments will cused to a point on the retina. Because of cil that entered the eye, and ultimately, the
avoid potentially introducing increased scattering, the point of light acts as a sec- wave-front aberrations can be reconspherical aberration, as happens with the ondary source and emanates spherical structed from these ray errors. As with the
current surgery. This possibility should wave fronts that will pass back out of the Shack-Hartmann technique, a correction
dramatically increase the number of pa- eye. As these wave fronts travel through for these aberrations can be calculated.
tients achieving uncorrected vision of the optical elements of the eye, they beBy combining scanning laser technolo20/20 following surgery and markedly re- come aberrated. The wave front exiting gy, reliable eye tracking and wave-front
duce incidents of night vision problems.
the eye is passed through an array of small, sensing, customized LASIK treatments can
regularly spaced lenslets that effectively be performed. Fitting shoes can be used as
Shack-Hartmann sensor
sample the wave front at different points. an analogy that illustrates current LASIK
There are a variety of wave-front sensing At the back focal plane of each lenslet, the techniques and emerging customized
technologies, two of which are linked to lateral position of the focal spot depends LASIK. Shoes come in a set of standard
refractive surgery lasers. The first is the on the average slope of the wave front cap- sizes and widths and the wearer must find
Shack-Hartmann wave-front sensor, tured by the lenslet. A perfectly planar the size that best fits his or her foot. Simi-
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larly, current LASIK technology allows for
fixed and discrete levels of correction of
spherical and cylindrical errors and does
not allow for the correction of any irregular errors. In the shoe analogy, by forming
a mold of the foot, a shoe that is perfectly
tailored to the foot in terms of length,
width, and type of arch could be made.
Customized LASIK similarly measures the
subtle features of an individual’s optical
error and can deliver a tailored treatment
to his or her eye. The goal of refractive surgery is to provide the patient with the best
possible postoperative vision under all
lighting conditions. Customized
LASIK strives to reach this goal.

In the future, it is conceivable that wave-front
sensing and advanced
manufacturing
techniques will be
used to design custom
phakic IOLs that
correct for aberration
in the eye as well.

Custom contact lenses
The LASIK procedure is not the
only technology that offers the potential to provide superior human
vision. Custom contact lenses may
prove to be a viable alternative or
compliment to custom LASIK. Advances in lathing technology, molding technology, and the use of laser
ablation may allow for customized
contact lenses to be manufactured
in a cost-effective manner. As with
customized LASIK, the wave-front
aberrations of an individual’s eye
would be measured and used to determine
an ideal correction. However, with custom
contact lenses, instead of permanently imparting the correction into the cornea, the
correction is designed into a contact lens.
The advantage of this technique is that no
permanent changes are made to the
cornea, so the custom correction is reversible and can easily be modified in the
future. Contact lenses have the disadvantage that they tend to move around on the
cornea, causing less than perfect correction when they are not properly oriented.
Contact lenses also require regular care,
removal and insertion. Most likely, different segments of the population will
choose between a permanent surgical
change and a reversible, contact-lensbased approach. The choice will be made
on the basis of the individual’s lifestyle and
comfort level.

Phakic intraocular lense
Another emerging technology that may
have dramatic effects on the correction of
visual problems in the future is the phakic
intraocular lense (IOL), typically used as a
replacement for cataractous crystalline

Figure 4. Customized techniques for correcting wave-front aberrations in the eye
may lead to dramatic improvements in visual
acuity and low-contrast vision. Emerging
technologies will provide patients with the
best possible vision following the procedure.

lenses. Cataract surgery is the most widely
performed operation in the U.S. When
opacities form in the natural human crystalline lens, the lens is removed and replaced with an artificial lens. Recently, implantation of artificial lenses in patients
with clear crystalline lenses has been examined as a means of correcting refractive
error. In this procedure, the crystalline
lens is left intact, and a phakic IOL is implanted into the anterior chamber of the
eye. Today, phakic IOLs that correct for
spherical and cylindrical error are being
examined in clinical trials; in the future, it
is conceivable that wave-front sensing and
advanced manufacturing techniques will
be used to design custom phakic IOLs that
correct for aberration in the eye as well.
With proper implantation of these lenses,
many of the benefits of the custom LASIK

procedure are achieved in that there is a
stable correction, without the requirements of regular lens maintenance associated with custom contact lenses. Furthermore, the procedure is reversible in that
the phakic IOL can be explanted if there
are changes in refraction or improper
placement. Finally, custom phakic IOLs
open the refractive correction market to a
much broader range of practitioners since
the procedure uses a skill set similar to that
of cataract surgery but without requiring
an initial investment in an expensive excimer laser.
Writable phakic IOLs are under
development for the correction of
refractive errors in the eye. These
lenses are phakic implants as described above, but in this case, customization takes place after the lens
is implanted in the eye. With the
lens placed within the anterior
chamber, wave-front sensing is
used to measure the residual aberrations inherent to the patient’s eye.
An ultraviolet (UV) laser is then
used to write to the surface of the
phakic lens through the patient’s
cornea. The effect of the UV light is
to locally change the material properties, and thus the refractive effects, of the phakic IOL. Once the
phakic IOL has the desired characteristics,
it can be fixed. The result is a customized
implant that corrects for aberrations in the
eye.
The preceding technologies illustrate
the future of refractive surgery. The goal
of these procedures is to provide superior
optical correction of errors found in the
eye. The common thread throughout
each modality is the use of customization.
Wave-front sensing is a critical technology
that allows for the exact description of the
optical properties of the eye to be described. Each technology takes advantage
of this information to provide a customized correction tailored to the specific
subtleties in refraction that characterize
each patient. Patients will no longer need
to be lumped into discrete levels of spherical and cylindrical correction and those
patients with more complex optical irregularities will now be fully correctable. In
other words, the old adage “if the shoe fits,
wear it” will no longer apply.
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