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What does optics teach us about myopia?

Brian Vohnsen
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Dedicated in memory of Prof John Sheridan

A proud County Mayo man, a passionate advocate of optics, and most of all a warm-hearted, caring and kind person
with students, colleagues, family, and friends. Such was Prof. Sean (John) Sheridan, an amazing colleague and friend
with whom I shared many memorable moments in University College Dublin (UCD) over the past 15 years. Although
we were in different departments, he in Engineering and I in Physics, we were always closely connected in our research
and teaching. He always went the extra mile to help students, take part in outreach, to meet up to discuss science and for
a friendly chat and a healthy laugher. Eight years before me, in 2000, Sean had arrived to UCD from Dublin Institute of
Technology (now Technological University Dublin), with a very strong optics background having worked with scientists
such as Colin Sheppard and William Rhodes. Sean was keen on applying optics to real-world problems and with an
entrepreneurial spirit he explored commercial opportunities. A decade ago, he became interested in the optics of the eye,
and more particular the optics of the animal eye, when he got involved with horse breading and a spin-out company
Equilume on the development of a blue-light mask that alters the breeding season for horses. He also co-developed a
highly sensitive device to measure ocular movement as indicator of brainstem activity. He was familiar with my own
work on vision and photoreceptors, and some of our last communications were on the topic of myopia. We had agreed
to meet up with the CTO of Equilume, Dr Barbara Murphy, to discuss related matters in November 2022. This was
just after I had returned from a conference trip to Recife, Brazil, and he had recovered from a recent and successful
eye-squint surgery. Sedn also had high myopia and aimed for cataract surgery by the end of the year with the hope of
improving his eyesight. Sadly, just one-week later Sean passed away unexpectedly before we got the chance to meet
again. In this contribution, I will review some of my optics background, and activities, that I shared with Sean, and
discuss in some depth what optics may teach us about myopia. © Anita Publications. All rights reserved.
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1 Introduction

I first met Prof Sean (John) Sheridan in 2006 when he was an invited speaker at the Reunion
Nacional de Optica in Alicante, Spain, a meeting that was organized by Prof Inmaculada Pascual Villalobos
(one of the Editors of this special issue of the Asian Journal of Physics) and colleagues. At that time, I was
Ramon y Cajal researcher in Murcia, Spain, in the group of Prof Pablo Artal. Little did I know that less than 2
years later, Sean and I would become colleagues at University College Dublin when I was appointed Science
Foundation Ireland Stokes lecturer in 2008. In my studies at Aalborg University, Denmark, I had been attracted
to optics early on and completed M Sc in Optical Engineering in 1994. Much like Sean, I was fascinated by
holography and had done a semester project on off-axis Leith-Upatnieks holograms with reconstruction of
both the virtual and real images. This was followed by my thesis on computer-generated holography, under
the guidance of Jens Christian Christensen, creating masks transferred with UV lithography to photoresist,
to fabricate kinoforms that could transform an annular mode Nd:YAG laser beam into a top-hat profile by

Corresponding author
e mail: brian.vohnsen@ucd.ie (Brian Vohnsen)



218 Brian Vohnsen

means of Gerchberg—Saxton optimization. Afterwards, I was offered an exciting Ph D opportunity under
the guidance of Prof Sergey Bozhevolnyi on Phase conjugation of optical near-fields and evanescent-wave
holography with four-wave mixing using a photorefractive Fe:LiNbOj; crystal [1,2]. This was exciting times
for me with many new opportunities. Yet, 4 years after the Ph D, in 2001, I chose to leave my position as
Assistant Professor to try new adventures when accepting a Marie-Curie postdoctoral opportunity in Murcia
to learn about visual and adaptive optics. While there, it was a natural step to start lecturing holography
and doing practicals with students on computer-generated Fourier holography, transmission and reflection
holograms, topics that even impact on my lecturers today in Nano-Optics and Bio-Photonics.

Shortly after my arrival to Ireland, Sean and I, along with colleagues Prof Chris Dainty from
NUI Galway, Dr Brian Hennelly and Dr Thomas Naughton both in NUI Maynooth, organized a series of
“Optoinformatics” summer workshops on the NUI Maynooth campus. These exposed our students to invited
expert lecturers and filled a gap between the larger bi-annular Photonics Ireland conference. Sean was mostly
involved in the first of these due to health issues. Nevertheless, he never missed the opportunity to brighten
my day such as when he called me “Gaucho Vohnsen” in his 2011 Christmas Greeting once he learned that
I was visiting my wife’s family in Argentina. Again in 2022/23 I visited the family in Villa de Mayo which,
as pointed out by Sean’s wife Jutta, would have delighted Sean with an Argentinian “Mayo”. In November
2022, I visited Sean’s home turf Castlebar in West Ireland (see Fig 1) for the first time to receive an Athena-
Swan award, on behalf of the UCD School of Physics, an event that I would have loved to be able to share
with you Chief.

Fig 1. A visit to Castlebar, Sean’s hometown, in County Mayo and the Atlantic Technological University on
November 8" 2022 where I received the Athena-Swan gender-equality award on behalf of UCD Physics.

Outreach and education of the younger generation was always very central to Seén, as it is to me.
Sean took on a lead role with a special 2015 event, the UNESCO International Year of Light, where he cast
light onto the Dublin Spire in the middle of O’Connell Street. He had been central for the early establishment
of the SPIE and OSA (now Optica) Student Chapters in UCD. In 2018, I took on the role as lead advisor
for the Optica Student Chapter, whereas he continued as advisor for the SPIE Student Chapter, a role now
passed on to his former student Dr John Healy. We maintain close contact between the optics students in
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UCD Engineering and Physics through the Student Chapters with events such as “An Optics Afternoon”
as seen in Fig 2. Our Student Chapter worked hard to organize IONS Ireland 2021 alongside the Tyndall &
University College Cork Optica Chapter. We have been very popular at the annual UCD Summer Festival
with interactive optics demonstrations about the eye and vision as well as optical illusions. Sean acted as
intern examiner for a couple of my Ph D students, and I recently assisted as intern examiner for his last
graduate student Dr Min Wan. At present, I am supervising two bright Optical Engineering students, Ms
Shalini Pillay and Mr Piotr Zielinski, that started the Optical Engineering M Sc programme with Sean in
September 2022 and are now completing their studies with me as principal supervisor on exciting projects
related to visual optics and fringe-projection profilometry, respectively.
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Fig 2. Our first “Optics Afternoon” on June 12 2019 with speakers and guests in front of the Molloy Collection in
UCD Physics. Prof Sean (John) Sheridan is third from the left next is Prof Vasudevan Lakshminarayanan (University
of Waterloo), and behind them Dr Alexander Goncharov (NUI Galway). Our former students Dr Alessandra
Carmichael-Martins 2022 Optica Ambassador (now Bloomington University), Dr Salihah Qaysi (now Jazan
University), Dr Min Wan, and Dr Najnin Sharmin (now Intel) hold onto the banner with 2019 Optica Ambassador
Maria Vinas Pefia (CSIC, Madrid) between them. Third from the right is Prof Ian Flitcroft along with TU Dublin
colleagues Dr Dervil Cody, Dr Kevin Murphy, and Dr Mark Coughlan. The following “Optics Afternoon” took place
online during the Covid-19 pandemic on December 10™ 2021.

In this contribution, I will discuss the topic of myopia and how it may relate to fundamental optical
principles. Myopia is a topic that was not only of great personal interest to Sean but also of high global
importance as we are witnessing increased prevalence of the condition with potential impact on not only
people’s life’s but also on society at large due to increased ocular complications and health costs [3.4].

2 What is myopia?

Myopia has been known for centuries [5]. It is seen as excessive optical power of the eye that
brings imaging light to a focus in front of the retina. Thus, a myopic person with —3 diopters has a preferred
uncorrected viewing distance of 33 cm, with —6 diopters this is just 17 cm, and so forth. For the most, it
can easily be corrected optically with negative spectacle lenses, contact lenses, or refractive surgery. Yet,
with high myopia beyond —6 dioptres the risk of retinal detachment and other ocular complications increase
significantly. This is the prime reason why major efforts are currently underway to limit its onset and slow
its progression. Infants are born hyperopic but normal eye growth, the emmetropization process, happens
at a pace so that in the ideal case children become emmetropic within the first few years of life as shown
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schematically in Fig 3. The onset of myopia happens mostly in the school years, at approximately 10 years of
age, where an excessive axial lengthening of the eye by just 1 mm results in approximately —3 diopters [6].
Thus, light is gradually focused in front of the retina favouring near work but blurring far vision. Myopes
develop axial lengths beyond the desired emmetropic 23 to 24 mm axial length. While this happens, both rod
and cone photoreceptors changes and the foveal pit formation completes [7]. In the myopic eye photoreceptors
adapt to the changes in axial length and remain approximately pointed towards the middle of the pupil [8,9].

(a) (b)

»

Axial length~16 mm Axial length ~24 mm (if emmetropic)
Foveal cone density: 30,000 cones/mm? >160,000 cones/mm?
Foveal OS length: 25pum 40-50 um
Cone diameter: 7.5 um 2um 2um
A A A Time
Birth Child (4 years) Adult (> 13 years)

Fig 3. Schematic of temporal changes to the human eye from (a) birth towards the (b) ideal case of an
emmetropic adult. The eye grows and elongates, while the retina continues to develop with higher density of
longer and denser foveal cones and outer segments (OS). Likewise, in the peripheral and retina, cones and
rods undergo density and shape changes from early childhood into the school years while axial elongation
slows down in late adolescence.
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Fig 4. Temporal accommodative response of the young adult eye with a 4.5 mm pupil (red line) when
subject to random step defocus changes (black) induced by a pupil-conjugated tuneable lens acting

as stimulus. Some oscillations are present, but defocus blur is nearly fully compensated by the eye.
These subconscious changes to accommodation happen typically within ~200 ms.

Animal studies show that the axial length in the developing eye can be altered with occluders and
lenses [10,11] but is dampened in bright light [10]. In humans, myopia prevalence is increasing globally,
albeit the statistics are skewed by parts of Asia where >90% of the population is currently myopic [4,12]. If,
and how, the eye determines the sign of defocus is not fully understood, but it is believed to relate to similar
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mechanisms as those that drive accommodation as shown in Fig 4 [13]. There is a difference in light across
the photoreceptors for light focused in front of or beyond the retina [14] and visual pigments near the outer
segment entrance are newer than those near the tip of the outer segments, which could plausibly break the
symmetry to defocus.

3 What causes myopia?

The factors causing myopia onset and progression are numerous with both genetic and environmental
contributions. A high number of chromosome loci have been identified that are associated with heritability
of myopia and largest for those where both parents are myopic [15,16]. Yet, the genetic understanding of
myopia is still incomplete. In terms of environmental factors impacting on myopia, excessive near work
and lack of time outdoors have been identified as the main causes [3,17]. Excessive near work perturbs
emmetropization by favouring near vision whereas limited time outdoors impacts on viewing distances, light
exposure, and pupil size. Light exposure releases dopamine in the retina that helps the neural pathways to
adapt to daylight conditions [18]. Being outdoors means larger viewing distances with less dioptric demands
[3]. A small outdoor pupil in daylight increases depth of focus, reduces aberrations, and improves the
matching of the angular vergence of light to the acceptance angle of the photoreceptors [19]. A poor optical
match of the anterior eye to that of the retina could be involved in erroneous emmetropization [19,20]. The
angular vergence of light set by the eye pupil will determine whether light can leak or produce crosstalk as it
propagates across the outer segments of the photoreceptors as shown in Fig 5. If the pupil is kept smaller than
3 mm, leakage and crosstalk will effectively be supressed. This remains true both for cones and rods, thereby
also supporting the role of the peripheral retina in relation to myopia control and progression beyond the
neural factors and aberrations [21]. Being outdoors in daylight not only restricts the pupil size, but also affects
the observed spectrum of light and spatial frequencies experienced by the eyes [22]. Beyond the optics of the
retina, there are variations in the choroidal thickness (normal thickness is around 250 - 350 um) and severe
choroidal thinning (tens of pm) happens in cases of high myopia related to biomechanical stretching [23].
Yet, this is likely a secondary effect, possibly useful as a biomarker, rather than the driving factor for myopia
onset. It means that the retinal screen is moved further from the pupil which may limit the angular capture
range of the photoreceptors [19]. Finally, there are diurnal and seasonal changes in intraocular pressure, axial
length, and choroidal thickness that all impact on the light capture of the eye and retina. Interestingly, there
have been reports that show high myopia in arctic regions where lack of daylight throughout the winter is
evident [24].
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Fig 5. Geometrical wavevector requirement to avoid leakage and crosstalk for light propagating
across the outer segments. A smaller pupil ensures that light traverses the retina along the axis of
each photoreceptor rod and cone, without potential leakage or crosstalk, and therefore maximizes
light capture.
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4 How may we combat myopia?

Ideally, we avoid myopia onset altogether but, when this is no longer possible, how do we best
implement control to reduce undesired axial elongation of the eye? Low-concentration atropine has been used
for more than a century to reduce myopia progression [25,26]. This, and other similar drugs, lead to pupil
mydriasis with the pupil being approximately 1 mm larger, thereby increasing light into the eye [27] but also
altering the retinal muscarinic signalling pathways. How it impacts on the photoreceptors is still not known
(would outer segments become shorter as suggested by Fig 5, if the pupil is larger?) but an increase in the
electroretinography (ERG) a-wave has been reported for the cones [28]. Clearly, the field could benefit from
acquiring more clinical data on photoreceptor packing, outer segment length and density in both emmetropic
and myopic children and teenagers.

An alternative to atropine, is the use of orthokeratology that flattens the cornea to reduce the ocular
power in myopia management [29]. Purposefully, focusing light in front of the peripheral retina is another
common method to limit excessive eye growth [30]. Using the natural dispersion of the eye, it has been
proposed to make use of UV or blue light to slow myopia progression [31]. Yet, the use of UV light, is
highly problematic due to its potential impact on the crystalline lens. At the other end of the spectrum, bright
red-light therapy has recently been introduced as a possible approach for myopia control [32]. Whether its
effectiveness is due to the brightness of the light and dopamine release, or the constriction of the pupil is still
unclear. Lately, several new contact lenses and spectacle glasses are being introduced for myopia management.
In general, these either involve multifocal lenses, or they make use of a neutral central zone surrounded by
an annular treatment zone with either smaller lenslets [33] or diffusers [34] that aim to alter the distribution
of light in the peripheral retina and reduce the contrast. Finally, another idea is to alter the spectrum of light
experienced by the eye, and though this limit undesired axial elongation [35]. All the present-day solutions
to bring myopia progression to a halt, are for the most only partially successful. Understanding how light
propagates as a wave, but is detected as a photon, is what underpins my own understanding of the retina and
the photoreceptors. Ultimately, multidisciplinary skills are vital should we be able to fully solve the myopia
puzzle.

Whether it was the use of blue or red light, dopamine, pupil and photoreceptors, novel lenses, or
another fundamental idea that Sean had wanted to discuss with me in relation to myopia and his involvement
with the company Equilume remains unknown [36]. Yet, I am sure that our discussion would have sparked
new ideas as had happened in our earlier joint study on the detection of ocular drift, saccades, and tremor [37].
Here, we had discussed the feasibility for remote non-contact sensing of these and recent VR developments
may make that feasible.

5 Conclusions

Understanding and treating myopia is a hot research topic where I only wish that Sean and I could
have joined forces to find new solutions. The best moments were often those we shared with our students
when promoting science or the unplanned chat over a coffee or tea. I have enjoyed every moment shared
with Prof Sean (John) Sheridan who not only was an outstanding colleague, but also a great friend. He left
behind an impressive legacy in the optical sciences and in his kind and warm personality that lives on with
his students and family. I look forward to sharing many more happy moments and memories with them as we
will continue to carry forward the light and warmth of heart that shone so strong in Sedn. Honoured be his
memory.
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