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Abstract
Aberrometry is a branch of optical metrology and more specifically of astronomy. This branch is
applied to the science of vision. It allows dramatic improvements in human vision research, such as
refining the visual capabilities of healthy and diseased subjects beyond physiological limits.
Aberrometry relies on the ocular wave front collection with the help of an aberrometer, which allows
establishing the precise and quantitative record of the various optical aberrations of the human eye,
whether low or high degree.
In this work, we draw our approach to apply these concepts to refractive surgery and adaptation in
order to relate the changes in Higher-Order Aberrations (HOAs) following wavefront-guided
femtosecond laser-assisted (WFG FS-LASIK), and to explore the correlations between preoperative
spherical equivalence (SE) and mechanisms of HOAs affecting the visual quality.
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1. Introduction

The eye corresponds to an optical system with some optical elements to focus rays
of light onto the retina to make up an image. Imperfections present in the eye
constituent materials may deviate light rays from the intended path, aka optical or
Wavefront Aberrations (WASs). Since WAs complicate light focusing by the retina,
they cause defects in the perceived image that have, as end results, blurred pictures
and declined visual exactitude. There are two types of WAs:

a) Lower order aberrations (LOAS): They are another way to refer to refractive
errors: myopia, hyperopia in addition to astigmatism. AIll of these
pathologies can be corrected by glasses, contact lenses or Laser (refractive
surgery). LOAs are modeled by second-order Zernike polynomials that
characterize the common aberrations’ defocus, e.g., hyperopia, myopia, and
astigmatism. LOAs account for nearly 85 % [15] of all eye aberrations.

b) Higher order aberrations (HOAS): They consist of optical imperfections that
cannot be fixed by any trustworthy equipment or technology. Practically
everybody has at least some degree of HOAs that can be diagnosed and
measured now through technological advances like the wavefront
aberrometer. HOASs correspond to aberrations whose Zernike polynomials
have expressions higher than second-order terms as is the case with the
third-order Zernike terms that appear in coma and trefoil. Fourth-order
Zernike terms correspond to spherical aberrations, and so on. HOAs account
for 15 % of all WAs.
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This work is concerned with HOAs that were first measured in humans by Smirnov
in 1961 using a psychophysical method that predicted HOA compensation by
customized lenses [1]. An improved technique was developed by Howland [2] that
measured WAs of the human eye objectively, using a Hartmann—Shack sensor in
1994 [3]. After some HOAs had been efficiently alleviated with adaptive optics,
which improved the optical quality of healthy eyes [4], the ability to provide
supernormal vision and high-resolution retinal imaging [5] attracted a great deal of
attention.

For conventional refractive surgery, the high degree optical aberration rate
increased, essentially for the coma-type and spherical aberrations. Wavefront-
guided refractive surgery is a personalized treatment that makes drastic changes and
reductions of pre-existing HOAs, and prevents additional HOAs. It is a reliable
technique, which is becoming within reach of mainstream treatment. Wavefront
guided refractive surgery has recently been introduced in Algeria, and it is
something the visual health care professionals are yet to embark upon beaucause no
studies have been performed. It is the main reason for our investigation, as well as
evaluating the impact of this kind of surgery on visual performances of Algerian
myopic eyes.

The Hartmann-Shack aberrometer is used to determine the individual Zernike
coefficients from third-up to sixth-order and the root mean square of total higher-
order aberrations, and to determine the suitable pupil diameter for the surgery. In
addition, it allows the collection of the pre and postoperative HOAs after six
months. In this study, we evaluate and compare the changes in the HOAs
subsequent wavefront-guided laser-assisted femtosecond, and investigate the
correlations between preoperative spherical equivalence and components of the
HOAs affecting visual quality.

A retrospective study was performed on patients suffering from myopia referred to
Tlemecen Clinic Northern Algeria, a Hartmann-Shack aberrometer was used to
determine the individual Zernike coefficients from the third- to the sixth order, as
well as the mean square of the total aberrations of the higher order, and anticipate
the appropriate pupil diameter for surgery. On the other hand, the aberrometer
makes it possible to collect HOA before and after surgery, i.e. after six months. In
this study, we evaluated and compared changes in HOA after femtosecond laser-
guided front and laser-guided assistance, and examined the correlations between
preoperative spherical equivalence and HOA components affecting visual quality.
To do that, we have divided this paper as follows: in section two, we present our
proposed methods. In section three, we present the aberrations’ Zernike
polynomials representation. In section four, a brief description of aberrometry in
vision science. In section five, we present the potential outcomes of our proposed
method. Finally, we conclude the paper.

2. The proposed method

Currently, our retrospective study is made on a database composed of twenty myopic eyes
examined by means of the aberrometry measurements at Lazouni Clinic, a private clinic in
Tlemcen, western Algeria.
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Nine myopic eyes from five patients were enrolled in the study retrospectively after having
undergone WFG FS-LASIK.
» Uncorrected distance visual acuity (UDVA)
» Corrected distance visual acuity (CDVA)
» Refractive error
» Individual Zernike coefficients of 3rd- to 6th-order HOAs were measured before
and 3 months after the surgeries and were compared using the Mann-Whitney test
or Student’s t-test.

3. Modeling of the aberrations Zernike polynomials
representation

The WA analyses aim at evaluating the optical eye quality by measuring the shape
of WAs. For this, aberrometer equipment or a wavefront sensor can determine the
different corneal wavefront aberrations. There exists three different categories of
aberrometers:

(1) The outgoing wavefront aberrometer such as the Hartmann—Shack
sensor [6];

(i)  The ingoing retinal imaging aberrometer such as the cross-cylinder
aberrometer [7], Tscherning aberrometer [8] and the sequential retinal
ray tracing method

(ili)  The ingoing feedback aberrometer employed in the spatially resolved
refractometer [9] and the optical path difference scheme [10]

The wavefront shape can be analyzed using an expansion of it into sets of Zernike
polynomials (ZPs). The ZPs are a combination of independent trigonometric
functions that can be combined to describe WAs appropriately because of their
orthogonality. Fig. 1 depicts Zernike polynomials ranging from the first to sixth

orders.
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Figure.1. Graphical representation of the six orders Zernike polynomials [8].

4. Application in vision science
4.1. Wavefront-guided refractive surgery

The Aberrometry examination is essential before a refractive surgery (PRK or
LASIK).
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This examination provides the eye aberrations of the patient in order to construct a
personalised treatment using the excimer laser for custom-made ablation [17].

The signs of progress in wavefront analyses allow the growth detection of the eye
HOAs with subsequent conventional photorefractive keratectomy (PRK) [10, 11].

Thus, customized ablation to correct irregular astigmatism or to lessen the
surgically generated irregular astigmatism might resolve some of the problems
induced by the conventional keratorefractive methods. Still, there exist several
factors to be solved to augment the effects of wavefront-guided refractive surgery,
such as wavefront registration errors between states at measurement and treatment,
unpredictable corneal shape alterations due to cicatrization and/or biomechanics,
HOA fluctuations, beam profile variations, and so on.

4. 2. Contact lens

Aberrometry during the time a subject wears contact lenses and spectacles can
introduce differences in the HOAs.

Different studies in the state of the art have revealed lower HOAs with RGP lenses
than with soft contact lenses or spectacles [12].

There was an increase in the total number of HOAs during the period of wearing
soft contact lenses for myopia problems compared with those without contact lenses
[13].

The techniques used to manufacture the contact lenses [14] can impact the
differences found in the HOAs

5. Tne obtained results: Application to the
Algerian cornea

The advantages of laser refractive operation with the flying spot excimer laser
system have been acknowledged and the smoother surface is one of the
paramount influences on the visual aftermath. Due to the small ablation area, the
energy power is additionally uniform, with less shock wave, and can be effortlessly
controlled. After the laser procedure, there is practically no corneal surface step.
The smoother surface allows faster visual recovery, with better UCVA and gains
Best-Corrected Distance Visual Acuity (BCDVA), which is a parameter used in
cataract surgery.

Wavefront-guided LASIK, which was established to rectify HOAs, has been
reported as being better than standard LASIK and one of the finest corneal
refractive surgery technologies. Nevertheless, the postoperative regression or
overcorrection risks have been reported to grow in human subjects with elevated
myopia or astigmatism.

Wavefront-guided LASIK has been accomplished by the excimer laser system to
apply a flying spot with a Gaussian profile and active eye tracker. The iris pattern
image taken preoperatively with the wavefront aberrometer was the input to the
ablation using iris-recognition software. All patients were seated, with the quantity
of cyclorotation adjusted immediately before the laser ablation. A standard profile
(non-wavefront) ablation corrected the sphere and refractive cylinder to achieve
emmetropia.
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Aberrometric measurements have been performed on patients that underwent
refractive surgery in the Lazouni private clinic, Tlemcen. Changes in HOAs from
pre and postoperative conditions in six clinical cases pointed towards the reduction
in HOAs, but the rate and the specificity of the Algerian cornea could not be
determined for these preliminary results because the number of patients is limited.
For Keratoconus, which is an eye disorder that progressively thins the cornea,
further

Studies are planned at the Ibn EL Haythem Centrer for contact Lens Adaptation,
Algiers, to analyze the changes in the rate of the HOAs on patients with
Keratoconus before and after wearing rigid contact lenses, and to compare the
finding with previous studies previous studies.

The authors need to develop databases with multimodal images for future
experiments as conceived in other medical areas [21, 22, and 23]. As more
experiments are conducted with these eye images, better simulations and analyses
will be done. These databases will also help when it comes to more advanced
diagnoses using Content-Based Image Retrieval (CBIR), and better eye 3D models
can be developed with the help of super-resolution [18, 19, 20, and 23].

6. Conclusions

Aberrometry is an optical metrology branch and it can be applied to
ophthalmology. It allows dramatic ameliorations in human vision, e.g., refining the
visual abilities of human subjects beyond physiological bounds. It permits
observing with very high resolution the photoreceptors in retinal imageries for
earlier diagnosis of some retinal pathologies as well as the scrutiny and assessment
of better functioning treatments. They rely on the ophthalmic wavefront gathering
with an aberrometer that permits forming the precise quantitative record of the
various human eye aberrations for LOA and HOA. This work proposes an approach
to apply these models to refractive surgery and contact lenses adaptation for the
case of HOAs following WFG FS-LASIK, and to analyze the correlations
concerning preoperative SE and the mechanisms of HOAs affecting visual quality.
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