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of the human eye

@ CrpssMark

Background: This literature review is part of a research study for aberration-correcting soft
contact lenses, where wavefront aberrometry was utilised.

Aim: This study was conducted as part of a postgraduate research degree by the first author
with particular relevance to spherical aberrations in relation to myopia and soft contact lenses,
both aberration control and non-control types.

Setting: This study reports on a literature review of higher order aberrations.

Methods: A comprehensive review of various databases was performed, including PubMed
and Google Scholar in terms of aberration control contact lenses and particular customised
contact lenses for compensation of spherical aberration in myopia, was performed.

Results: Wavefront sensing and Zernike polynomials are increasingly used in optometry and
ophthalmology to quantify the wavefronts for an optical system such as the eye, using either
lower order (LOA) or higher order aberrations (HOA). Although other mathematical methods
are available, zero, 1st and 2nd orders of the Zernike polynomial expansion are LOA. Defocus
(73) and astigmatism (Z;” and Z;) are 2nd-order modes that usually can be corrected by
clinicians using ordinary sphero-cylindrical compensations such as spectacle lenses. Until
recently, only LOA were easily correctable by clinicians in optometry and ophthalmology.
Higher order aberrations are those modes in the third radial order, n = 3 and higher, which in
the past were not correctable. However, HOA contribute to only about 7% of retinal image
quality and often go unnoticed by individuals, although in some instances, for example, with
keratoconus or after refractive surgery, such aberrations can become more problematic.
Today, new treatments are available via specially designed or customised (to an individual)
rigid or soft contact lenses that are claimed to reduce or eliminate HOA such as spherical
aberration (Z9).

Conclusion: Although such specially designed or customised contact lenses have some effect
on HOA, there are conflicting reports and so further investigation of this intriguing aspect
remains necessary.

Keywords: higher order aberrations; lower order aberrations; aberrometry; wavefront;
aberration control contact lenses.

Introduction

The optics of the human eye and the potential correction or compensation of its errors of
refraction have been studied for at least the past 700 years. Prior to modern-day refractive
surgery, the wavefront aberrations (WA) of the eye were sometimes considered as relatively
insignificant when thinking about the optics and image processing of the eye. The reason for this
is that some, particularly higher order, WA do not necessarily cause any noticeable degradation
in visual acuity (VA) below 20/20 vision, generally considered as the criterion standard for a
healthy eye. But with the development of laser and other refractive surgeries (including cataract-
related ones), significant amounts of higher order spherical aberrations (SA), coma and trefoil
were sometimes induced in treated eyes, thereby increasing the interest in higher order
monochromatic aberrations such as SA.'? Traditional laser refractive surgery left some patients
complaining of poor image quality owing to changes in ocular aberrations and sometimes SA of
the eye. Aberrometry is useful in post-operative evaluation of both lower (LOA) and higher
order aberrations (HOA) where asymmetry, decentration and irregularity of the corneal surface
can be well described by aberration terms or modes. Preoperatively, aberrometry is useful in
guiding wavefront error modification, especially in naturally aberrated eyes.* Modern
wavefront-guided refractive surgery is claimed to also reduce sphero-cylindrical errors
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without inducing excessive HOA, thus reducing patient
dissatisfaction or complaints.** The possible role of SA in
terms of myopia development, progression and prevention
has also become an interesting concern both clinically and in
research. Often with small pupil sizes such HOA went
unnoticed, but in low-lighting conditions or in patients
with moderate to severe myopia and/or larger pupils,
the induced aberrations sometimes caused discomfort
such as glare or intolerance to bright lights from oncoming
traffic.

In most young populations, provided samples are large
enough, HOA average out to almost zero (instances of
positive SA in a sense neutralises those for negative SA), with
minor mean amounts of positive SA (0.14 + 0.1 um) for a
6 mm pupil.*”#° The positive spin-off to this small amount
of SA is an increase in depth of field. In addition, in
young, healthy eyes, corneal aberrations are almost totally
compensated for by the internal aberrations of the eye.!0!1213
Instruments such as the KR-IW Wavefront Aberrometer
are available these days that will allow both corneal and
internal aberrations to be determined relatively easily
and effectively and these measurements can have clinical
and other diagnostic benefits. With age, fourth-order
aberrations in a population were shown to increase and
mostly be positive and notably different from zero.?!* But,
changes in other LOA and HOA in relation to ageing are also
important and can be affected by physiological processes
such as presbyopia or by disease such as diabetes.

Analysis of LOA and HOA are also important both for pre-
and post-refractive surgery to evaluate optical image quality
and determine baseline values for comparative purposes;
accordingly, aberrometry is commonly used today as an
important clinical tool in ophthalmology to assess the
outcomes of refractive surgery. But the methods are no less
important in optometric practice, especially in relation to
contact lens treatment for keratoconus or orthokeratology,
proper diagnosis of unexplained vision fluctuations or ocular
discomfort. Customised contact lenses (CL) and intra-ocular
lenses (IOL) have also been developed to remedy HOA and
their vision benefits are the more pronounced improvement
in contrast sensitivity when compared with more conventional
VA measures.”

Both LOA and HOA are utilised in the advancement of the
design of ophthalmic, contact and IOL as well as other lenses
such as those used in cameras." To use a spectacle lens to
reduce SA, the lens would have to have a specific pantoscopic
tilt, facial wrap and vertex distance, which is usually difficult
to achieve.'? Simple spherical refractive errors (related to the
LOA of defocus) have been corrected by spherical lenses
from as early as the 17th century. But in principle it should be
possible to correct HOA of an optical system by making
adjustments to the optical paths of rays entering all points in
the pupil. Cervino et al."? refer to Hershel as apparently the
first scientist to suggest that an eye that suffered from
aberrations could perhaps be corrected with a contact lens.

Page 2 of 8 . Original Research

http://www.avehjournal.org . Open Access

Hershel proposed that a lens could be fitted that would have
its posterior ‘surface next to the eye’ with a spherical front
surface to correct aberrations of the eye. It was Smirnov who
also realised that spectacle lenses do not move when the eye
moves, therefore proposing that CL could be the solution to
wave aberration compensation.'”? With the advancement and
increasing knowledge of CL in the 20th and 21st centuries, it
was discovered that rigid lenses could negate irregular
aberrations and small amounts of astigmatism of the anterior
cornea.! Contact lenses also have numerous advantages in
correcting HOA over refractive surgery, with the most
important probably being the fact that corneal surface CL are
a reversible or relatively easily modifiable option." In recent
times, rapid progress has been made in the investigation of
SA and other HOA and the possibility of complete rectification
of HOA.

Wavefront-guided ablations, aberration control contact
lenses (ACCL) and aberration control IOL have become
standard practice and WA can be measured, both before,
during and after refractive surgery to hopefully provide an
optimal outcome. They can also be used to optimise design
and fit of soft or rigid CL to reduce LOA as well as HOA.*¢

Factors affecting higher order
aberrations
This review will emphasise these factors:

e Anatomical factors
= Tear film

= Pupil
= Cornea and crystalline lens
" Retina

¢ Refractive error
e Accommodation
o Age

e ACCL

Anatomical factors

Anatomical factors that affect HOA include the tear film,
pupil, cornea, crystalline lens and retina. The role of the tear
layer is a very significant one as it is vital in guaranteeing the
excellent quality of the anterior corneal surface and eventually
that of the retinal image."” The tear film ensures a healthy and
smooth corneal surface, thus minimising light scatter from
the anterior corneal surface.’ When the tear film breaks up,
there is irregularity of the air-tear optical surface, resulting
in additional aberrations of the optical system.!® Larger and
fluctuating optical aberrations are more commonly seen in
dry eyes when compared with normal, healthy eyes and,
owing to this irregularity, causes a profound alteration and
often a decline in optical imaging quality.’®!* Any abnormality
in the tear film causes changes and overall, an increase in the
optical aberrations of the eye, while the insertion of artificial
tears causes a temporary change and decline in aberrations.'®
Stabilisation of the tear layer brings about regularity of the
tears, thereby reducing short-term variation of aberrations
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and distortions of retinal imaging. In several studies, tear
film characteristics have been shown to affect HOA¥?! and,
of course, also LOA.

Over the years, the possible relationships between pupil
diameter and HOA (and LOA) have been investigated
by several researchers. Pupil diameter is important in
determining the size or amount of the central and/or
peripheral blur in an out-of-focus image. In an eye that is
either compensated or requires no spectacle-compensating
lenses, VA is best with pupil diameters of 2 mm — 5 mm. For
pupils smaller than 2 mm, diffraction will cause a decrease in
retinal image quality and results in a decrease in light
transmission, which adversely affects retinal image quality.
However, smaller pupils result in an increase in depth of
focus, which improves image quality. For pupils larger than
5 mm, SA may reduce VA. Charman' stated that for smaller
pupils, diffraction was responsible for reduction in optical
performance. However, as the diameter of the pupil increases
above2.5mm, aberrations become responsible for degradation
of the retinal image. During low light levels, cone-dominated
vision is overtaken by rod-dominated vision. In such an
instance, the quality of the ocular image may still be good but
not better than a smaller pupil in light conditions.?

Therefore, with an increase in pupil diameter, LOA (but also
HOA) have greater consequences.? Patients with large pupils
in mesopic conditions may complain of glare, halos around
lights, night-driving problems and poor contrast sensitivity.
Zernike polynomial coefficients are dependent on pupil
diameter; therefore, larger pupils generally mean greater
magnitudes (moduli) for coefficients. Changes in wavefront
aberrations in the outer parts of the larger or dilated pupil
result in HOA, contributing to the total root mean square
(RMS) aberrations of the dilated pupil.! Aberrations thus can
be specified in terms of raw coefficients (having positive or
negative values) directly or using RMS or moduli (absolute
values) of coefficients, thus always positive in value. Paquin
et al** found most dilated myopic eyes presented with
positive SA and other studies support the absolute
relationship between pupil size and total RMS.*

Although both the cornea and crystalline lens affect HOA
(and LOA) of the eye, almost 90% of HOA are the result of
the cornea (or more truly tears) in normal eyes.” The anterior
corneal surface has a stronger central power than the
posterior corneal surface, approximately 48 dioptre (D)
versus —6 D, thus about 43 D in terms of thin lens theory. This,
together with the fact that it is easier to take measurements of
the anterior corneal surface, makes the anterior cornea the
focus of many studies. The crystalline lens contributes about
one-third of the total power of the eye (between 21 D and
30 D), depending on the accommodative state of the eye.
Studies of the human crystalline lens usually need to be
conducted in vitro, also making it a difficult structure to
study. The ocular lens also varies short-term during ocular
accommodation and long-term with age. This, together with
intra- and inter-subject variation and in vitro study, makes
data collection for the crystalline lens a challenge."”

Page 3 of 8 . Original Research

http://www.avehjournal.org . Open Access

The most powerful refractive component of the eye is the
front corneal surface and therefore a principal contributor
to the WA of the eye.? Mrochen et al.” suggest that 2nd-order
astigmatism and 3rd-order aberrations originate from the
cornea, while 4th- to 6th-orders mostly do not arise from
the anterior cornea. Complicating matters is that HOA on the
corneal front surface are shown to be compensated by the
internal structures in normal myopic eyes.?*

As mentioned earlier, data about LOA and HOA of the eye,
anterior cornea and internal optics of the eye are critical in
understanding the physiological optics and retinal imaging
of the eye.'” Of course, the cornea is not the only refractive
component of the eye, and therefore the total ocular
aberrations are not equal to the corneal aberrations alone.
Spherical aberration, for instance, is reliant on both the
corneal and crystalline lens curvatures and shapes for the
individual concerned.? Variability across individuals, even of
a similar age, between wave aberrations of the cornea and
crystalline lens is a common finding.*® Internal aberrometry
cannot be directly measured with an aberrometer and we
attain the aberration data of the internal optics by negating
the data obtained for the complete eye and that of the anterior
cornea: WA = WA, + WA

internal cornea’

The internal optics of the human eye would take into
consideration the posterior corneal surface and both surfaces
of the crystalline lens and the ocular media such as the
aqueous. The anterior and posterior corneal surfaces are
dissimilar in optical form. Therefore, to make sense of the WA
optics of the eye, we theoretically detach the posterior corneal
surface from the internal optics of the eye. The discrepancy
between the refractive index of the cornea and aqueous is
minimal; therefore, we deduce that the posterior cornea
contributes only a minor proportion of total aberrations of
the eye. Internal HOA are essentially produced then by
the front and back surfaces of the crystalline lens and its
gradient variation in refractive index."** In younger subjects,
the positive corneal aberration (for example, for SA) is
balanced out by the internal aberrations of the eye.’® As we
age, coma and SA are induced by changes in the cornea and
crystalline lens, causing a shift in the balance, resulting in an
increase in total ocular HOA

Although the shape of the corneal surface has the slightest
change with age and accommodation, the shape of the
crystalline lens deviates greatly with both accommodation
and ageing.® For specific aberrations such as spherical
aberration (SA), eventual retinal image quality does not
depend on the cornea or lens separately, but depends on the
combined effect of the two structures because SA induced by
the cornea can be reduced by that of the crystalline lens. In
young eyes, the lens and cornea have spherical aberration of
opposite signs, thereby reducing the total SA of the whole
system.! In a study by Wang et al.,*> which was conducted to
assess the aberrations of the cornea and complete eye, it was
concluded that in some eyes, the aberrations of the cornea
and lens were compensatory (subtractive), yet in other eyes
they were additive.
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Young crystalline lenses are normally transparent, but there
is a reduction in the transparency of the lens with age,
pathology, drugs and exposure to ultraviolet and infrared
light. Cataract formation will cause an increase in RMS HOA
of the eye.* Cataract is one of the main sources of scatter or
misdirected light within the eye and, for example, Hashemi
et al.® found that nuclear cataract caused an increase in RMS
HOA. Maeda* agreed that after the age of 50 years, ocular
aberrations become more prominent owing to an increase in
lenticular HOA.

Retinal functioning and health are important factors in image
reception and interpretation. If the optics of the eye are
essentially good but the retinal photoreceptors are not
functioning properly, or if the eye and photoreceptors are
working smoothly but there is damage to the post-retinal
neural pathway, there will be degradation in the retino-
cortical image quality. Image quality is dependent on the
optics of the eye, together with healthy functioning of the
photoreceptor and neural pathway as well as the ability of
the individual to express the perception.* Adding to the
complexity is the phenomenon such as the Stiles-Crawford
effect, stating that central light rays passing through the
ocular pupil and reaching the photoreceptors are most
effective compared with peripheral rays. The retinal image
and its interpretation are also influenced by neural factors
suchascone photoreceptor density, location of photoreceptors,
visual memory and blur interpretation. Retinal and/or
cortical factors could also limit VA* and aberrations of the
eye and cone directionality also influence image interpretation
or perception.® Initial stages of neural processes involved in
the formation of the retinal image, when taken into account,
are generally designed or organised in healthy organisms to
improve the ability to produce satisfactory or good image
quality.*

Refractive error

Refractive error is mostly caused by either the axial length of
the eye being too long or too short or the refractive
components of the eye being too strong or weak, causing
retinal blur. Genetic and environmental factors also play a
role in processes such as emmetropisation and in deviations
such as the development of myopia or astigmatism that
degrade retinal image quality.*® Some studies on animals
have shown that it is the sign of defocus (positive or negative),
myopic or hyperopic blur, that adapts eye growth.”*
According to Tian et al.,* myopic growth is triggered
by marked image degradation, while subtle degradation
has no effect. Humans have the ability of distinguishing
unconsciously between hyperopic and myopic defocus,
which increases as aberrations increases.*

The sign of defocus is instrumental in triggering
accommodation as well as regulating the growth of the eye
in emmetropisation.®® Thus, in the early stages of ocular
development, the growth of an eye is guided by the vision of
that eye and a blurred point spread function (PSF; basically
the distribution of light over the retinal fovea and surrounds)
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of a specific type can possibly encourage the development of
myopia.”” This process is currently under intense research
to try and facilitate new methods of reducing the increasing
scourge and prevalence of myopia on a worldwide basis. The
length of an eye is regulated by the focal length of its optics to
facilitate the image of the object to fall in focus on the retina.*
The Wallman hypothesis states that retinal activity and high
image-contrast restrains eye growth but low image-contrast
encourages growth. Emmetropisation in young children will
cause growth of the eye to continue until high-contrast
images stop it. Excessive accommodative lag and negative
SA during near tasks produce a low-contrast retinal image,
producing eye growth. Uncorrected myopia with positive SA
leads to further myopic advancement because the eye is
habitually overpowered. In the case of the eye having a
negative SA, hyperopic blur could also cause myopic
progression.® In a normal eye, positive SA prevents myopia
progression.” Differences in central versus peripheral blur of
retinal images are also believed to be a part of this adaptive
system of the human and animal kingdoms.

Myopes typically are considered to have higher RMS WA
than emmetropes,* but in contradiction to this, Hazel et al.*®
found that myopic eyes were not more aberrated than
emmetropic eyes. According to Atchison,* a change in
ocular refraction brings about a change in SA at a rate of
about 0.007 um per dioptre of myopia, and it is the anterior
cornea that makes the largest contribution to the HOA of the
eye in relation to the total HOA of the eye (SA being one of
the most important components of the HOA of the normal
eye). Anterior corneal aberration is higher than total ocular
aberration, changing more gradually with an increase in
myopia. As myopia increases, the vertex curvature of the
cornea increases but the cornea remains unchanged in
asphericity, suggesting that the elevated SA of the eye is
caused by an increase in axial length of the eye.*

Myopes have increased negative SA during near tasks,
causing a central hyperopic blur and a peripheral hyperopic
defocus compared with emmetropes and hyperopes. This
generates growth of the eye, resulting in myopia progression.*
Thus, the use of CL or other methods to correct retinal
hyperopic blur by reducing negative SA during near tasks
could potentially play a role in reducing myopia progression
in children. This could reduce the incidence and prevalence
of high myopia in adults, which is a major concern currently.
Slowing the progression of myopia is also vital as this can
positively influence reducing the prevalence of possible
complications (such as retinal tears, detachment and even
myopic maculopathy) with moderate to severe myopia
that might affect retinal image quality and life quality.
Besides the detrimental effect on individuals, some of these
complications can also have very significant societal and
economic disadvantages.

Thibos et al.* concluded the following: Even though myopia
is uncommon in young children, near work results in
accommodative lag, which — in combination with negative
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SA — causes eye growth. Furthermore, a high positive SA
in the unaccommodating eye of a child would serve as a
protector from myopic regression as too much accommodation
is required for reversal to negative SA. Outdoor daytime
activity for children will cause a reduction in pupil size
(from improved general lighting conditions), a reduction in
accommodation (during play rather than near-oriented
activities) and an increase in retinal contrast, which will
reduce eye growth. These researchers concluded that in our
modern world, children are mostly starting school or pre-
school at a younger age when they are more hyperopic,
forcing them to be indoors more of the time to accommodate
more, and they are often spending excessive hours viewing
electronic gadgets such as cell phones or tablets, thus doing a
much greater proportion of near-oriented activities than for
previous generations. Accommodative lag combined with
negative SA and possibly diminished natural light (with
mainly sedentary activities) indoors reduces image-contrast,
accommodative variability and encourages eye growth and
myopia progression.

The vital question here is: Does WA cause myopia or is WA
caused by myopia? The wavefront aberrations is an
underlying factor in the development of myopia. The genetic
nature of some types of myopia has always been known and
a common risk factor is having both parents with myopia.
Image degradation caused by irregularity of the cornea or
lens may be inherited, although the effect of near work
(environmental factor) and time and activities outdoors
should also be considered. Also, an accommodating eye
during near work has higher aberrations along with inferior
image quality, causing myopia progression. We cannot say
absolutely that WA is caused by myopia because most myopes
have the same averaged aberrations as applies to emmetropes,
but they do have more than for hyperopes.* But, because
HOA and SA specifically causes degradation of the retinal
image, it is said to be of importance in myopia advancement.*
There are very complicated interactions between LOA and
HOA and the operations or processes of the optical imaging
system of the eye that have only recently begun to be studied
in greater detail. Although some ideas are in place, there
remains a lot to be understood. For example, corneal primary
spherical aberration is positive for all refractive error groups
(that is, myopes, hyperopes and emmetropes).’* Carkeet
et al.®® and Paquin et al.** indicate that myopic eyes display
higher aberrations than hyperopic eyes. He et al.** agreed and
added that with an increase in refractive error, especially
more than 6 D, there was an increase in RMS WA.

In contrast to this, Philip et al.** found that low myopes and
emmetropes exhibited less total ocular HOA RMS, showed
less total HOA RMS 4th-order aberrations and less SA
than hyperopes (fifth and sixth-order aberrations were similar
in both groups). In the same study, it was found that
hyperopes exhibit lower negative SA with regard to internal
aberrations. These studies explained that the lower negative
lenticular SA in hyperopic eyes was due to lesser axial growth,
resulting in the curvature of both lens surfaces to have smaller
radii of curvatures. Philip et al."* concluded that hyperopic
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eyes have greater positive total SA than myopic or emmetropic
eyes. Hashemi et al.® found that hyperopes have the highest
levels of aberrations in an age group between 40 and 64 years,
during which there is a hyperopic shift owing to lens changes,
explaining the change in aberrations.

Ocular accommodation

If the eye has too much power, as in myopia, light rays
will focus in front of the retina and the image will suffer a
positive myopic blur. In hyperopia, rays would focus behind
the retina (in its absence) and the retina suffers a negative
hyperopic blur. A negative hyperopic blur results in an
increase in power of the crystalline lens and conversely,
a positive myopic blur will cause a drop in refractive
power. The signs of defocus, blur, chromatic aberrations and
proximity controls the accommodative mechanism of the
eye.*»*2 Binocularly amplitude of accommodation is assumed
to be greater than monocularly, owing to the support of
convergence.*

Stimulus to accommodation is either blur, chromatic aberration
or awareness of target proximity.* Visual sensing of the sign
of defocus is provided by SA, and accommodation of the eye
will reverse this sign.® It is inevitable that accommodation
will bring about a change in SA as there is a change in shape
and position of the crystalline lens.?

With increasing levels of accommodation, for example, with
reading, the HOA (and SA) of the eyes alters significantly.
Our eyes generally present with a positive SA when in a
relaxed accommodative state and exhibit stronger refracting
power for marginal rays than paraxial ones.®* As
accommodation increases, SA goes from a positive to negative
value, owing to lenticular changes.!?**# There are also
changes in 3rd-order aberrations* and SA and coma change
as an eye accommodates.® Wavefront aberrations vary from
an unaccommodated to an accommodated eye, and from
subject to subject. Ocular accommodation plays a significant
role in regulating WA within the eyes, thereby affecting the
optical image quality.**

The effect of ocular accommodation on 3rd- and 4th-order
aberrations differs from individual to individual.*® The eye’s
short-term WA instability is because of fluctuations in
accommodation or defocus. Dynamic variations in leads and
lags in accommodation make it difficult to correct aberrations
via simple approaches such as non-adapting spectacle or CL.
The accommodative ability, with change in pupil size, varying
thickness of tear film during blinking, diurnal changes in
structures such as the tears and cornea all make diffraction-
limited vision impossible. With changes in illumination comes
a change in pupil size, accommodation and movement of the
pupil centre by up to 0.4 mm.*¥

In the Zernike pyramid, the horizontal and vertical tilts
(the first two odd [n = 1] order aberrations) are compensated
for by eye rotation, making it tedious to gauge their role in
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accommodation. In Lopez-Gil et al.* and Chin et al.,* it was
concluded that odd-numbered, higher order aberration
terms such as coma and trefoil play a relatively small role in
accommodation control. Conversely, even-order terms like
astigmatism and SA perform a more important role in
accommodation control.

Increased and contrasting HOA have been seen in
accommodative spasms when compared to normal
accommodative processes, suggesting that wavefront analysis
may be used in the determination of accommodative
anomalies. In Ninomiya et al.,* eyes with accommodative
spasms were shown to have negative SA values and resolving
the spasm of accommodation with cycloplegic agents did not
substantially change the SA.

Age

With a change in age, there are numerous changes to the
crystalline lens of the eye, which include changes to the
outer curvatures; gradient refractive indices; and centre,
para-central and peripheral thicknesses of the lens with
the addition of lens fibres throughout life. An increase in the
thickness of lens fibres with age causes the aberrations of the
crystalline lens to increase as well.*!

There is a linear increase of HOA with age.* Age is also
associated with pupil centre shift as well as a reduction in
pupil size, which also influences most HOA coefficients.
The effect of age on aberration was also investigated in the
aforementioned study by Hartwig and Atchison,® where the
introduction of a near addition affected all third-order
aberrations, spherical aberration and secondary astigmatism.
In Radhakrishnan and Charman,” it was found in pre-
presbyopes that SA went from positive to negative with an
increase in accommodation, but in the early presbyopes SA
was the only HOA that became more positive during
accommodation, which was welcomed as it increased the
depth of focus and hence produced a better near-vision.
Wang and Koch® reported a significant increase in the
total HOA for third to sixth orders, including 4th-order SA
coefficients, while there was only a slight increase in coma
with an increase in age. Brunette et al.*> analysed the effect of
age on monochromatic aberration and found that RMS 3rd
to 7th orders decreased until adulthood and then increased
after the age of 40, suggesting that HOA may play a role
in emmetropisation and presbyopic-related changes in the
refractive state.

Total HOA also increase with the formation of cataract.’ In
Wang et al.,' the increase in 4th-order SA started only after
the age of 50 years. They suggested in their study that the
approach to treatment by the clinician should be varied as a
function of age. In patients much younger than 50 years,
refractive compensations should be based on current ocular
wavefront measurements, but for patients nearing 50 years, it
would be desirable to induce a more negative shift in SA to
compensate for the imminent ageing changes.
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Age-related miosis causes a decrease in SA of the eye*
with compensation of corneal aberrations by the internal
aberrations of the eye declining with age. As mentioned,
age-related retinal disease and cataract also increase ocular
aberrations.” Age-related neural changes, worsening of
visual performance and decline in contrast sensitivity are all
factors that cause an increase in SA.* In presbyopic patients,
refractive surgery should be carefully thought through, as
changes in aberrations in the eyes are still taking place.™

Aberration control contact lenses

The use of CL creates additional refractive surfaces (tears
both in front and behind the contact lens, that itself has two
surfaces) in front of the cornea, potentially increasing
reflections and light scattering, thereby reducing the contrast
of retinal images and subsequently visual performance.
Scattering can have similar effects as some aberrations in
terms of creating disturbances or distortions of visual
performance,” which are important considerations when
discussing the effects of CL on the eye and its aberrations.

The introduction of a contact lens to the eye can bring about
dynamic and complicated changes in the wavefronts of light
entering the eye, affecting LOA and possibly increasing or
decreasing HOA, owing to factors including lens centration,
movement, rotation and flexure and perhaps increasing the
SA of the eye.®*** Even small decentration movements of
soft CL produce HOA, which are significant and need to be
accounted for in the design of soft CL. %646 For example, to
correct SA, some manufacturers have incorporated aspheric
optics into the design of soft CL.°®* True customised
aberration-control CL are tailor-made, requiring specially
designed lenses for each eye, which can be expensive and not
readily available.®® Alternatively, lenses are mass-produced
with the identical generic SA correction for a population.®
Mass-produced aberration-control CL (ACCL) assume that
most subjects have a standard amount of aberration, which
is untrue.®

Atchison*! found that aspheric CLs eliminate myopic shift,
but spherical soft CLs produce myopic shift. Ocular
wavefront tomography (OWT) is a new technique used to
improve the design of CLs to optimise peripheral optical
quality of the eye and is expected to become important in the
future in this regard.®

The constituent material and the type of contact lens (that is,
whether rigid or soft) and its overall diameter in relation to
the corneal diameter are other factors that are important in
designing ACCL. Semi-sclerals and other CL that may be
larger than the corneal diameter may interact differently with
the eye with regard to its aberrations than, say, a rigid lens
that has a diameter that is smaller than the corneal diameter;
thus there are many factors that impact the ability of CL to
influence the aberrations of a specific eye.

The clinical relevance of aspheric over non-aspheric CL
remains controversial. Rather than trying to totally eliminate
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HOA, a more realistic goal may be to reduce aberrations only
in eyes where visual imaging is degraded below normal
levels. The best correction of HOA will not take us beyond the
levels of photopic acuity achieved by young, natural eyes.
There is a scope for the use of aberrometers to distinguish
those patients who have degraded visual performance by
high levels of aberrations, in order to assist them to improve
their vision. Although research is somewhat limited, there
seems to be a place for positive SA CL in the prevention of
myopia progression.

The first author’s dissertation involves a detailed study of
ACCL and their efforts on HOA, especially the 4th-order
RMS, including SA.

Ethical considerations

The ethical clearance to conduct this study was obtained
from the Faculty of Health Sciences Ethical Committee at
the University of Johannesburg (ethical clearance number:
REC-241112-035).

Conclusion

Understanding WA (including HOA and especially SA) are
important for many reasons, especially in dealing with
patients’” complaints and problems such as progressive
myopia. Although the best correction of HOA may not take
us beyond the levels of photopic acuity achieved by young,
natural eyes, there is scope for the use of aberrometers to
distinguish those patients who have degraded visual
performance by high or different levels of aberrations, in
order to assist them to improve their vision. Understanding
both LOA and HOA may also be used to prevent myopia
progression. The introduction of modern innovations in the
exciting field of adaptive optics (AO) has seen the use of HOA
involved in the composition of aberration control systems for
the study of microscopic structures including retinal
structures® and such developments may lead to adaptive
(rapidly variable) spectacles or CL that may be useful in
clinical situations such as myopia, presbyopia or keratoconus.
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