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Reimagining approaches to solving common contact lens

conundrums

INTRODUCTION

For those of us who have been in the contact lens field for
some time, there are several research themes that have
persisted over many years. We want our patients to have
contact lenses that are comfortable to wear, fit well and
allow them to see optimally throughout life and are safe
with minimal impact on normal ocular surface physiol-
ogy and a low rate of complications. It is a short list, but
these clinical themes drive research and, ultimately, trans-
lational advances in the field. This contact lens special
edition of Ophthalmic and Physiological Optics reimagines
these themes, examining the impact of contemporary and
emerging lens technology using modelling, imaging, bio-
informatics and artificial intelligence (Al) to address these
persistent questions.

The themes for this edition include mitigating contact
lens discomfort in wearers who had discontinued contact
lens wear due to poor comfort; lens fitting and patient
characteristics to optimise both comfort and contact lens
performance and the role of vision in contact lens discom-
fort, which segues into emerging vision correction ap-
proaches, including those incorporating wavefront-guided
designs and new technologies in their evaluation. The final
section revisits the oxygen performance of contact lenses,
including a review of the seminal contributions of George
K. Smelzer to our fundamental understanding of the phe-
nomenon and modelling of the oxygen performance of
contemporary scleral contact lenses, noting the resur-
gence in their use and opportunities for advanced optics
and therapeutic applications.

EXPLORING CONTACT LENS
DISCOMFORT

It has been well established for many years that discomfort
plays a key role in contact lens dropout: both in established
and new wearers. Recently, it has been estimated that as
many people are ceasing lens wear as are being fitted
per year in the UK. In fact, one in four new wearers will
discontinue lens wear within the first year.?? If this figure
could be reduced, it would provide a much-needed boost
to the global contact lens market and have all-round ben-
efits; our patients would be happier, practices would be
more successful and the increased revenue for contact lens

manufacturers would in turn lead to more investment into
new materials, designs and technologies.

The paper by Lievens et al.* highlights the importance
of giving those who have previously dropped out of con-
tact lens wear the opportunity to try a different lens be-
cause they are very likely to be successful. Unfortunately,
the reality is that the majority of these patients are not of-
fered an alternative lens or management strategy.’ Lievens
et al. re-fitted 60 pre-presbyopic subjects who had discon-
tinued soft lens wear within the previous 2 years due to dis-
comfort (or dryness) and followed them for 6 months. They
were all re-fitted with the same contemporary soft daily
disposable silicone hydrogel contact lens, and only a single
subject had discontinued lens wear by the final 6-month
time point. They measured comfort using a £50 visual an-
alogue scale and reported excellent comfort after 1 month
(median score of 44). A series of Likert questions showed
very high levels of satisfaction, which did not show signs of
decline between 1 and 6 months. This study corroborates
previous work, which has found that three in four people
can be successfully re-fitted when given the chance.>® Eye
care practitioners should be vigilant for growing dissatis-
faction and intervene as early as possible. In doing so, we
open up all the lifestyle benefits that contact lenses have
to offer.

Of course, discomfort is not the only reason for contact
lens discontinuation. Poor vision is often cited as the top
reason for dropping out of lenses in those who are new to
contact lens wear”? and in those wearing multifocal lens
designs.>® Richards et al.” conducted an investigation util-
ising robust regression modelling to analyse participant-
reported ratings of comfort, dryness and vision. Their
analyses were based on a comprehensive dataset aggre-
gated from 31 studies employing numerical scales ranging
from 0 to 100. They confirmed strong positive pairwise
associations between the ratings, the most pronounced
being between comfort and dryness, as well as between
ratings collected at the same time of day. The way in which
various participant and lens factors could affect these rat-
ings was also explored. Their modelling showed that the
average decrease in comfort, dryness and vision over 8h
would be 8.2, 15.4 and 3.6 units, respectively. By the end
of a typical lens wearing day, it is not difficult to see that
an average lens wearer will easily surpass the threshold for
what is considered to be a clinically significant change for
comfort.® Age was not predictive for any of the ratings, but
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comfort and dryness were lower in females than in males,
which is consistent with previous work.>' Lens factors
such as modulus, material and replacement frequency did
not impact comfort but did affect the other ratings. The
paper shows that even if a lens design were optimised for
one attribute, for example, vision, it could negatively im-
pact another factor.

Maldonado-Codina et al." undertook a prospective
study to identify participants who were either very com-
fortable (asymptomatic) or very uncomfortable (symptom-
atic) when fitted with a single daily disposable lens type
and investigated differences in five clinical parameters
over the course of a 14-h wearing day. There are very few
published investigations that provide clinical data over a
true, typical lens-wearing period like this. In order to sep-
arate the symptomatology of the two groups as much as
possible, they used a Contact Lens Dry Eye Questionnaire-8
(CLDEQ-8) score of <7 and =20 for the asymptomatic and
symptomatic subjects, respectively. Upper eyelid margin
staining and lower tear meniscus height were found to be
significantly different between the two groups after 14h.
Symptomatic subjects demonstrated greater upper eyelid
margin staining and decreased lower eyelid tear meniscus
height compared with asymptomatic subjects. Upper eye-
lid margin staining was the parameter with the strongest
relationship to comfort; higher scores were associated with
lower levels of lissamine green staining. These findings
support the hypotheses that contact lens surface lubrica-
tion and the resulting frictional forces involving the upper
eyelid margin may play an important role in the complex
mechanisms involved in contact lens discomfort.

The paper by Vaughan et al.'"? reminds us that a contact
lens disrupts the delicate structure of the tear film and,
in doing so, could lead to discomfort and reduced visual
quality. ‘Lubrication’ is once again indirectly an import-
ant theme here. Their work involving 14 habitual soft lens
wearers investigated how environmental stress (low hu-
midity) affected blink rate, ocular scatter and ocular sur-
face cooling in spectacles versus contact lenses. Contact
lens wear showed increased blink rate and ocular scatter
compared to spectacles in a comfortable humidity envi-
ronment, but the cooling rate of the ocular surface did not
differ significantly between the two. It is possible that this
increased blinking may contribute to discomfort since the
eyelids, especially the upper eyelid, are in effect forced to
travel even further over the lens surface. Exposure to low
humidity led to a significant increase in blink rate with both
refractive corrections, but ocular scatter and cooling rate
did not change significantly. The authors hypothesise that
the increased blink rate in contact lens wearers is a com-
pensatory mechanism designed to prevent degradation of
the tear film, which in turn helps to maintain optical qual-
ity and ocular surface cooling. Their work re-reinforces the
importance of the blink in managing tear film instability,
and perhaps explains why simplistic measures such as non-
invasive tear break-up time may not be ideal for investigat-
ing the tear film.

|.'|'|

The study by Garaszczuk et al.” focuses on another as-

pect of the tear film—osmolarity—which when elevated
has been associated with dry eye disease and contact lens
discomfort. They make the very good point that although
osmolarity is a valuable clinical metric, measurement in ev-
eryday clinical practice is not commonplace, most likely be-
cause of the expense. Their work investigates whether the
use of machine learning techniques can predict osmolarity
from other routine clinical parameters, thereby potentially
negating the need to measure it directly. The study found
that simple linear regression did not provide an accurate
prediction. Advanced regression models as well as tech-
niques for categorising individuals into groups (e.g., low,
medium and high osmolarity) were explored and showed
that machine learning could significantly aid in predicting
tear osmolarity with about 80% accuracy in some cases.
The key predictor variables included non-invasive break-up
time, tear meniscus height, ocular redness, meibomian
gland coverage and the Dry Eye Questionnaire-5 (DEQ-5).
The potential for Al and machine learning solutions in this
area is huge, and it may not be too long before we see the
evolution from research to clinical tool.

EVERYTHING OLD IS NEW AGAIN—
EVEN IN CONTACT LENS FITTING
CHARACTERISTICS

We are occasionally reminded that ‘everything old is new
again’. This quote has been attributed to Jonathan Swift
(1667-1745), known for his satirical writing on the social is-
sues of his time. This phrase has worked its way into the
contemporary lexicon to describe many things, including
science and medicine. Indeed, a search of this phrase in
PubMed® (pubmed.ncbi.nlm.nih.gov) yielded 153 citations.

In this issue, two studies exploring contact lens fitting
characteristics are presented. Both investigations build
upon a longstanding, fundamental metric of contact lens
fitting: lens centration. While Walther et al.'* present a
new perspective on measuring lens centration, Applegate
et al.”” explore the exacting requirements of lens centra-
tion for a specific clinical application. The contributions of
these works suggest that in science, as in society, one can
revisit and reinterpret the old to create something new.

In the first of these two studies, Walther et al. explored
the on-eye centration of modern spherical soft contact
lenses (SCLs) and examined centration relative to the pupil.
This is significant because lens centration is a parameter
that has traditionally been measured in the clinical setting
by evaluating the position of the contact lens edge relative
to the limbus or corneal centre.'®

To measure lens centration relative to the pupil, Walther
et al. acquired 60 images of 101 eyes and used custom
image analysis to identify the boundaries of the contact
lens, pupil and corneal limbus. Using these boundaries,
Walther et al. then calculated the horizontal and verti-
cal positions of the contact lens relative to the pupil and
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corneal limbus. The mean [95% confidence interval] decen-
tration, relative to the pupil centre, observed for SCLs was
—0.23mm temporal [-0.26, —0.20] and —0.08 mm inferior
[-0.12, —0.04], but the lenses were well-centred relative
to the corneal limbus. They concluded that modern SCLs
decentre in the same direction but with lesser magnitude
than older lens modalities.” The authors suggest that be-
cause the pupil is typically positioned nasally and superior,
defining lens centration relative to the pupil rather than
the corneal centre may optimise image quality and visual
performance.

In addition to measuring lens centration relative to the
pupil, Walther et al. also explored the impact of lens thick-
ness (as a proxy for lens power) and material on how lenses
decentred. The authors reported, contrary to previous
accounts, that centration did not vary with sphere power
or lens material. They suggest that ocular anatomy rather
than lens characteristics may be the primary determinant
of lens position on the eye.

The second study featured in this issue explores a spe-
cific application of lens centration relative to the pupil cen-
tre, with rigid lens correction for keratoconus. Specifically,
Applegate et al. used SyntEyes'®'? data—that is, a data-
set of synthetic (not clinically measured) but represen-
tative data—to gauge the acceptable alignment error of
wavefront-guided (WFG) rigid contact lens corrections
in normal and keratoconic eyes as measured by the vi-
sual Strehl ratio (VSX) for 20 normal and 20 keratoconic
SyntEyes. Using a novel approach, the authors used the
visual image quality (measured by VSX) of normal eyes to
serve as a reference for acceptable image quality in kera-
toconic eyes and ultimately to determine the acceptable
alignment error in WFG lenses for keratoconus.

The authors found acceptable tolerances for correc-
tion misalignment of keratoconic image quality, corrected
to that of average normal eyes, varied between 0.29 and
0.63mm for translation and +6.5° for rotation. Notably,
the tolerable misalignment decreased with the increasing
disease severity in keratoconus, as defined by the ante-
rior curvature (K__ ). They concluded, in agreement with
the literature, that scleral lenses provide the optimal plat-
form, given the stability of the lenses on the eye relative
to the pupil centre, as compared with corneal rigid gas-
permeable lenses.*

Discussing the implications of their findings,
Applegate et al. highlight the potential for WFG correc-
tions to provide ‘near-perfect’ visual image quality, as
measured by the VSX. However, the authors temper this
bold statement by outlining the (still distant) technolog-
ical advancements that would be required to translate
this work from research to clinical practice effectively.
The required innovations include the fabrication of clini-
cally efficient aberrometers, continued improvements in
scleral WFG lens designs and the development of precise
lathing techniques essential to the manufacture of WFG
lens designs. They acknowledge that there is still much
work to be done.

Both Walther et al. and Applegate et al. make important
contributions to current clinical care. For example, Walther
et al. cite specific contemporary examples for which lens
centration of SCLs is crucial, including multifocal and dual-
focus lens designs commonly utilised for the management
of presbyopia or myopia control. Similarly, Applegate et al.
describe how WFG lenses can potentially correct both the
lower-order aberrations of sphere and cylinder and higher-
order aberrations to optimise rigid gas-permeable scleral
contact lens correction. Moreover, the work of Applegate
et al. reminds us that WFG contact lenses potentially
provide a custom, rather than population-based, vision
correction, paralleling other healthcare trends towards
personalised care.’ While not specifically stated, the au-
thors' comments on lens centration relative to the pupil
could also be applied to orthokeratology fitting, where
lens centration is also critical.

Both works advance current knowledge by presenting a
strong argument for assessing the contact lens centration
relative to the pupil rather than the traditional manner of
lens assessment. Additionally, returning to the older con-
cept of lens centration helps us appreciate the progress in
the contact lens industry: innovations in lens design, the
resurgence and enhancement of scleral lens modality, new
methods to construct datasets such as SyntEyes and the
potential of WFG lenses to correct refractive error and mit-
igate the visual impact of keratoconic eye disease. In other
words, these works illustrate that there is still much to
‘make new’ when studying concepts as fundamental and
seemingly straightforward as lens centration.

EMERGING VISION CORRECTION
AND TECHNIQUES—ESTABLISHED
LENS DESIGNS ANALYSED USING
NOVEL TECHNIQUES

Three papers focus on novel assessment of emerging
lens designs. These designs are in no way novel: scleral
lenses were the original lens design invented by Leonardo
DaVinci in the early 16th century and were first manufac-
tured in Europe in the late 1800s; in the 1960s, George
Jessen (co-founder of Wesley-Jessen Corporation) and the
grandfather of orthokeratology (orthoK) first described
‘orthofocus’ with polymethyl methacrylate (PMMA) lenses;
and improving vision and preventing dropout of multifo-
cal soft contact lens wearers has been the bane of contact
lens practitioners and researchers worldwide.?' However,
the applications of these lens designs have been reim-
agined in different populations: scleral lenses are part of
the Tear Film and Ocular Surface Society (TFOS) DEWS 11
step-based management protocol for dry eyes®%; orthoK
are among the most effective refractive myopia control
method for children®® while multifocal contact lenses, still
chasing the increasing presbyopic market, are also used in
myopia control.** Along with these different populations,
we are also seeing the benefits of an ophthalmic imaging
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revolution. Spurred on by posterior ocular imaging, ante-
rior eye imaging techniques are on the rise. These not only
include new instrumentation but also algorithms to ana-
lyse big datasets and Al.

These imaging advances are well demonstrated by
Martinez-Plaza et al.*® who investigated peripheral and
scleral shape changes using the Eye Surface Profiler (ESP,
eagle t-eye.com) in myopic orthoK wearers. By analysing
ESP standard scans and using an algorithm based on raw
data from the ESP, they showed changes in the central
and mid-peripheral cornea over 3 months of orthoK wear,
but no changes in the sclera or peripheral cornea. As the
authors rightly pointed out, this was only over a 3-month
test period, and longer term changes should be assessed.
It is also important to note that this study was conducted
on adults >18years of age, and longer-term assessment of
children <18years of age, that is, the population most fre-
quently being prescribed these lenses and whose cornea
and sclera are likely to be less rigid,26 should be assessed.

This study is noteworthy for another reason, namely that
it is in alignment with the expansion of open source bioin-
formatic techniques and an increase in the publication of
protocols that is set to accelerate discovery and reproduc-
ibility, which will be important in the age of Al. The authors
point out the application of their methods for other optical
interventions, and of course scleral lenses come to mind,
which unlike orthoK lenses do indeed bear on the sclera.

In Fogt et al.,”’ the age-old question of scleral lens fog-
ging is investigated. With the increase in scleral lens pre-
scribing in recent years,”® a prospective observational
multisite study with sufficient power to analyse the contrib-
uting factors was performed. Confirming the multifactorial
nature of this phenomenon, the authors attribute 27% of
the variance to lens and solution factors but could not iso-
late any one factor in particular. They also administered the
Ocular Surface Disease Index (OSDI) survey to participants,
finding that those with midday fogging had a mean score of
44 (classified as severe dry eye) compared to 10 (normal) in
those without fogging. As they rightly mention, the greater
fitting of scleral lenses for dry eye might have played into
this finding, highlighting the difficulty of teasing out cause
and effect. This study demonstrates nicely the interactions
between the device (scleral lens), the environment (ocular
surface) and person factors (symptoms).

While the OSDI is a well-utilised and useful instrument,
other techniques of patient-related outcomes could also
be used such as item banking.? In this process, data were
collected via focus groups and then distilled into a bank
of questions tested with a larger cohort. The increase in
scleral lens wearers opens up these other avenues of re-
porting outcomes.

Carrying on the theme of person-based effects, Smith
et al.** consider the individual gaze preferences of presby-
opic lens wearers. They tested a range of refractive options,
including spherical distance, intermediate and near contact
lenses, multifocal contact lenses and multifocal spectacles,
with a novel panel of tasks, including hazard perception.

The testing kit included a head-mounted video eye tracker
(Pupil Core, pupil-labs.com) to record eye movements
during reading, visual search and hazard perception. The
forward-facing camera on the device was also used to
quantify head movement. Smith et al. found that the type
of refractive option affected reading speed, although read-
ing accuracy and visual search time were not affected. As
well as investigating person behaviours, they state that
peripheral optical designs for myopia management might
also benefit by gaze behaviour metrics.

These latter three papers demonstrate a myriad of ad-
vances in novel investigation techniques, theory, analysis
and application of contact lens corrections. Thinking back
to the 1960s, the contact lens field has expanded expo-
nentially in scope. These advances will hopefully result in
an increased uptake of contact lenses as both a refractive
solution and a therapeutic device.

OXYGEN PERFORMANCE

In this special issue, Vincent and George®' detail the me-
ticulous experiments that Professor George Smelser
(1908-1973) directed to elucidate the atmospheric oxy-
gen requirements of the cornea through the use of scle-
ral lenses. So relevant today to our understanding of
atmospheric oxygen and corneal homeostasis, Smelser, an
anatomist, used human and animal studies to explore this
hypothesis. It underlies the importance of interdisciplinary
research, clinicians broadening their scope and engaging
with other scientists to test their hypotheses.

While many authors®? have furthered our understand-
ing of oxygen to epithelial cell homeostasis in patient and
animal studies, and Papas® eloquently showed the oxygen
requirements for limbal hyperaemia, there has been con-
jecture as to the minimum oxygen transmissibility of mod-
ern soft contact lenses to limit corneal swelling. Of note,
Thomson et al.>** modelled the person and environment
variability that should be taken into account. This indicates
that the minimum oxygen transmissibility might vary de-
pending on the situation.

In the 2000s, there was great hope that eliminating
atmospheric oxygen impedance might remove the in-
creased risk of microbial keratitis associated with extended
(overnight) contact lens wear. This was disproved by large-
scale epidemiology studies by Stapleton et al.** However,
there is a tendency for less severe keratitis in high oxygen
transmissibility compared with low transmissibility ex-
tended wear lenses.>® Other theories from Smelser's era,
which include stagnation of fluid reservoir and build-up of
metabolites, are being investigated today, thus emphasis-
ing the ongoing lessons that the forebearers pay forward.
Added to the patterns of collaboration, we have much to
thank them for.

In the second paper, Igbal et al.>” showcase the capability
of both modern-day instrumentation and theoretical mod-
elling to analyse the profile of corneal oedema with scleral

|‘37

85U80]7 SUOWILLOD 3ARER.D 8|qedl|dde aus Aq peusenob aJe saone VO ‘@sn Jo sajnJ Joj AreiqiT8uljuO 8|1/ UO (SUORIPUOD-pUe-SWLRY/LIO" A3 1M AeJq 1 BUI UO//SARY) SUORIPUOD PuUe SWB | 81 88S *[1Z0z/70/92] Uo AriqiTauluo A8|iMm ‘BIssyoue N JO A1IseAIUN Y L Aq 0ZEET 0do/TTTT OT/I0p/L00 A8 |IM Areiq Buljuo//SdNY WoI) pepeo|umod ‘0 ‘€TETST


http://t-eye.com
http://pupil-labs.com

GUEST EDITORIAL

THE COLLEGE OF 5
OPTOMETRISTS

OPO s

lenses. This is the first study to compare central and periph-
eral (adjacent to the limbus) corneal oedema with short-term
scleral lens wear and to a theoretical model. In the study of
participants with healthy eyes, they varied the central fluid
reservoir thicknesses by manipulating the sagittal heights.

Igbal et al.*” found that the peripheral and central
corneal oedema induced by short-term scleral lens wear
was greater for higher central fluid reservoir thicknesses
than for lower thicknesses. This is in agreement with
previous observations®® that central corneal responses
affect the peripheral cornea. Although not statistically
significant, Igbal et al.>’ reported an increase in periph-
eral swelling compared to central changes. Interestingly,
when they modelled the response based on the theory
of Kim et al.,*® they found the response correlated with a
model that did not include peripheral limbal metabolic
support.

There have been reports of limbal stem cell deficiency
in contact lens wearers,*® whose mechanisms are unclear.
Using these techniques may help us understand whether
peripheral corneal oedema can contribute to such ad-
verse events, as well as other changes that can be miti-
gated by lens and material design. Not only are we now
collaborating with laboratory-based scientists, we also
have data scientists as part of research teams to tackle
these questions.

In summary, we are truly ‘back to the future’ with ex-
amining persistent themes in the contact lens arena, but
this special edition illustrates how new technologies, ap-
proaches and designs to optimise vision and optical per-
formance, comfort and ocular physiology have moved
us forward. This helps reflect on the progress within the
industry and reimagine how we can use innovative tools
to continue advancing the field, translate the technical ad-
vantages to wearers and move towards personalisation or
customisation of fitting approaches, lens designs and indi-
vidual solutions for our contact lens patients.

AUTHOR CONTRIBUTIONS

Carole Maldonado-Codina: Conceptualization
(equal). Nicole Carnt: Conceptualization (equal). Heidi
Wagner: Conceptualization (equal). Fiona Stapleton:
Conceptualization (equal).

FUNDING INFORMATION
There is no funding to declare.

CONFLICT OF INTEREST STATEMENT

The authors have no known competing financial interests
or personal relationships that could have appeared to in-
fluence the work reported in this editorial.

Carole Maldonado-Codina'
Nicole Carnt?

Heidi Wagner®

Fiona Stapleton?

'Eurolens Research, Division of Pharmacy and
Optometry, Faculty of Biology, Medicine and Health,
The University of Manchester, Manchester, UK

2School of Optometry & Vision Science, UNSW Sydney,
Sydney, New South Wales, Australia

3Southern California College of Optometry, Marshall B.
Ketchum University, Fullerton, California, USA

Correspondence

Carole Maldonado-Codina, Eurolens Research,
Division of Pharmacy and Optometry, Faculty of
Biology, Medicine and Health, The University of
Manchester, Manchester, UK.

Email: carole.m-codina@manchester.ac.uk

ORCID

Carole Maldonado-Codina
org/0000-0002-4101-376X
Nicole Carnt ‘= https://orcid.org/0000-0002-5376-0885
Heidi Wagner (© https://orcid.org/0000-0002-5992-9979
Fiona Stapleton = https://orcid.org/0000-0002-7203-5443

https://orcid.

REFERENCES

1. VeysJ,Sulley A. Pay attention to retention. Optician. 2017;253:26-30.

2. Sulley A, Young G, Hunt C, McCready S, Targett MT, Craven R.
Retention rates in new contact lens wearers. Eye Contact Lens.
2018;44(Suppl 1):5273-5282.

3. Sulley A, Young G, Hunt C. Factors in the success of new contact lens
wearers. Cont Lens Anterior Eye. 2017;40:15-24.

4. Lievens C, Pucker AD, Rayborn E, Kannarr S, Bickle K, Hogan C, et al.
Refitting contact lens dropouts into a modern daily disposable contact
lens. Ophthalmic Physiol Opt. 2024. https://doi.org/10.1111/0p0.13299

5. Pucker AD, Tichenor AA. A review of contact lens dropout. Clin
Optom. 2020;12:85-94.

6. Young G, Veys J, Pritchard N, Coleman S. A multi-centre study of
lapsed contactlens wearers. Ophthalmic Physiol Opt.2002;22:516-27.

7. Richards J, Rickert M, Carr K, Meyer D, Kollbaum P. The association
between participant-reported ratings of comfort, dryness and vi-
sion quality in soft contact lens wearers. Ophthalmic Physiol Opt.
2024. https://doi.org/10.1111/0p0.13292

8. Papas EB, Keay L, Golebiowski B. Estimating a just-noticeable differ-
ence for ocular comfort in contact lens wearers. Invest Ophthalmol
Vis Sci. 2011;52:4390-4.

9. Koh S, Chalmers R, Yamasaki K, Kawasaki R, Nishida K. Factors in-
fluencing the 8-item contact lens dry eye questionnaire score and
comparison of translations in Japanese soft contact lens wearers.
Cont Lens Anterior Eye. 2022;45:101519. https://doi.org/10.1016/j.clae.
2021.101519

10. ChalmersR, Hickson-CurranS, Keay L, Gleason W, Albright R. Gender
differences in habitual contact lens wear and care patterns from a
large contact lens registry. Cont Lens Anterior Eye. 2013;36(Suppl
2):e7. https://doi.org/10.1016/j.clae.2013.08.030

11.  Maldonado-Codina C, Navascues-Cornago M, Smith SL, Read ML,
Lakkis C, Morgan PB. End-of-day assessment of asymptomatic
versus highly symptomatic soft contact lens wearers. Ophthalmic
Physiol Opt. 2024. https://doi.org/10.1111/0p0.13305

12. Vaughan M, Garcia-Porta N, Tabernero J, Gantes-Nufez J, Artal P,
Pardhan S. Ocular effects of exposure to low-humidity environ-
ment with contact lens wear: a pilot study. Ophthalmic Physiol Opt.
2024. https://doi.org/10.1111/0p0.13308

13. Garaszczuk IK, Romanos-lbanez M, Consejo A. Machine learning-
based prediction of tear osmolarity for contact lens practice.
Ophthalmic Physiol Opt. 2024. https://doi.org/10.1111/0p0.13302

85U80]7 SUOWILLOD 3ARER.D 8|qedl|dde aus Aq peusenob aJe saone VO ‘@sn Jo sajnJ Joj AreiqiT8uljuO 8|1/ UO (SUORIPUOD-pUe-SWLRY/LIO" A3 1M AeJq 1 BUI UO//SARY) SUORIPUOD PuUe SWB | 81 88S *[1Z0z/70/92] Uo AriqiTauluo A8|iMm ‘BIssyoue N JO A1IseAIUN Y L Aq 0ZEET 0do/TTTT OT/I0p/L00 A8 |IM Areiq Buljuo//SdNY WoI) pepeo|umod ‘0 ‘€TETST


mailto:carole.m-codina@manchester.ac.uk
https://orcid.org/0000-0002-4101-376X
https://orcid.org/0000-0002-5376-0885
https://orcid.org/0000-0002-5992-9979
https://orcid.org/0000-0002-7203-5443
mailto:carole.m-codina@manchester.ac.uk
https://orcid.org/0000-0002-4101-376X
https://orcid.org/0000-0002-4101-376X
https://orcid.org/0000-0002-4101-376X
https://orcid.org/0000-0002-5376-0885
https://orcid.org/0000-0002-5376-0885
https://orcid.org/0000-0002-5992-9979
https://orcid.org/0000-0002-5992-9979
https://orcid.org/0000-0002-7203-5443
https://orcid.org/0000-0002-7203-5443
https://doi.org/10.1111/opo.13299
https://doi.org/10.1111/opo.13292
https://doi.org/10.1016/j.clae.2021.101519
https://doi.org/10.1016/j.clae.2021.101519
https://doi.org/10.1016/j.clae.2013.08.030
https://doi.org/10.1111/opo.13305
https://doi.org/10.1111/opo.13308
https://doi.org/10.1111/opo.13302

“TOPO

18.

20.
21.
22.
23.
24,

25.

26.

THE COLLEGE OF
OPTOMETRISTS

GUEST EDITORIAL

Walther G, Meyer D, Richards J, Rickert M, Kollbaum P. On-eye cen-
tration of soft contact lenses. Ophthalmic Physiol Opt. 2024. https://
doi.org/10.1111/0p0.13278

Applegate RA, Hastings GD, Jiménez-Garcia M, Francis S, Koppen C,
Rozema JJ. Allowable movement of wavefront-guided contact lens
corrections in normal and keratoconic eyes. Ophthalmic Physiol Opt.
2024. https://doi.org/10.1111/0p0.13286

Tranoudis |, Efron N.In-eye performance of soft contact lenses made
from different materials. Cont Lens Anterior Eye. 2004;27:133-48.
Erickson P, Robboy M. Performance characteristics of a hydro-
philic concentric bifocal contact lens. Am J Optom Physiol Opt.
1985;62:702-8.

Rozema JJ, Rodriguez P, Navarro R, Tassignon MJ. SyntEyes: a higher-
order statistical eye model for healthy eyes. Invest Ophthalmol Vis
Sci. 2016;57:683-91.

Rozema JJ, Rodriguez P, Ruiz Hidalgo I, Navarro R, Tassignon MJ,
Koppen C. SyntEyes KTC: higher order statistical eye model for de-
veloping keratoconus. Ophthalmic Physiol Opt. 2017;37:358-65.

Ho D, Quake SR, McCabe ERB, Chng WJ, Chow EK, Ding X, et al.
Enabling technologies for personalized and precision medicine.
Trends Biotechnol. 2020;38:497-518.

Alvarez-Peregrina C, Sanchez-Tena MA, Martin M, Villa-Collar C,
Povedano-Montero FJ. Multifocal contact lenses: a bibliometric
study. J Optom. 2022;15:53-9.

Jones L, Downie LE, Korb D, Benitez-Del-Castillo JM, Dana R, Deng
SX, et al. TFOS DEWS Il management and therapy report. Ocul Surf.
2017;15:575-628.

Lawrenson JG, Shah R, Huntjens B, Downie LE, Virgili G, Dhakal R,
et al. Interventions for myopia control in children: a living system-
atic review and network meta-analysis. Cochrane Database Syst
Rev. 2023;2:CD014758. https://doi.org/10.1002/14651858.CD014758.
pub2

Remon L, Pérez-Merino P, Macedo-de-Araujo RJ, Amorim-de-Sousa
Al, Gonzalez-Méijome JM. Bifocal and multifocal contact lenses for
presbyopia and myopia control. J Ophthalmol. 2020;2020:8067657.
https://doi.org/10.1155/2020/8067657

Martinez- Plaza E, Lopez- de la Rosa A, Molina-Martin A, Pifiero DP.
Orthokeratology effect on the corneoscleral profile: beyond the
bull's eye. Ophthalmic Physiol Opt. 2024. https://doi.org/10.1111/opo.
13279

Sharifipour F, Panahi-Bazaz M, Bidar R, Idani A, Cheraghian B.
Age-related variations in corneal biomechanical properties. J Curr
Ophthalmol. 2016;28:117-22.

AUTHOR BIOGRAPHIES

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fogt JS, Nau C, Harthan J, Shorter E, Nau A, Patton K, et al. Lens and
solution properties in patients with and without midday fogging.
Ophthalmic Physiol Opt. 2024. https://doi.org/10.1111/0p0.13293
Jacobs DS. Scleral lenses: current practice and future directions. Eye
Contact Lens. 2023;49:45. https://doi.org/10.1097/ICL.0000000000
000973

Kandel H, Khadka J, Fenwick EK, Shrestha MK, Sharma S, Sharma B,
et al. Constructing item banks for measuring quality of life in refrac-
tive error. Optom Vis Sci. 2018;95:575-87.

Smith SL, Maldonado-Codina C, Morgan PB, Read ML. Gaze and
behavioural metrics in the refractive correction of presbyopia.
Ophthalmic Physiol Opt. 2024. https://doi.org/10.1111/0p0.13310
Vincent SJ, George K. Smelser (1908-1973): atmospheric oxygen
and the corneal response to contact lens wear. Ophthalmic Physiol
Opt. 2023. https://doi.org/10.1111/0p0.3265

Morgan PB, Murphy PJ, Gifford KL, Gifford P, Golebiowski B, Johnson
L, et al. BCLA CLEAR - effect of contact lens materials and designs
on the anatomy and physiology of the eye. Cont Lens Anterior Eye.
2021;44:192-219.

Papas EB. The role of hypoxia in the limbal vascular response to soft
contact lens wear. Eye Contact Lens. 2003;29(1 Suppl):S72-S74; dis-
cussion S83-4, 5192-4.

Thomson R, Mobeen R, Ho A, Fonn D, Sweeney DF. Lifetime corneal
edema load model. Transl Vis Sci Technol. 2021;10:34. https://doi.org/
10.1167/tvst.10.2.34

Stapleton F, Bakkar M, Carnt N, Chalmers R, Vijay AK, Marasini S,
et al. CLEAR - contact lens complications. Cont Lens Anterior Eye.
2021;44:330-67.

Efron N, Morgan PB, Hill EA, Raynor MK, Tullo AB. Incidence and
morbidity of hospital-presenting corneal infiltrative events associ-
ated with contact lens wear. Clin Exp Optom. 2005;88:232-9.

Igbal A, Fisher D, Alonso-Caneiro D, Collins MJ, Vincent SJ. Central
and peripheral scleral lens-induced corneal oedema. Ophthalmic
Physiol Opt. 2023. https://doi.org/10.1111/0p0.13221

Tan B, Zhou Y, Yuen TL, Lin K, Michaud L, Lin MC. Effects of scleral-
lens tear clearance on corneal edema and post-lens tear dynamics:
a pilot study. Optom Vis Sci. 2018;95:481-90.

Kim YH, Lin MC, Radke CJ. Limbal metabolic support reduces
peripheral corneal edema with contact-lens Wear. Transl Vis Sci
Technol. 2020;9:44. https://doi.org/10.1167/tvst.9.7.44

Chan CC, Holland EJ. Severe limbal stem cell deficiency from contact
lens wear: patient clinical features. Am J Ophthalmol. 2013;155:544~
9.e2.

Carole Maldonado-Codina is a senior lecturer at the University of Manchester in the UK and
associate director of the Eurolens Research group at the same institution. Carole worked in
private practice before gaining an MSc in 1997 and then a PhD in 2001. She is a Fellow of the
American Academy of Optometry and British Contact Lens Association (BCLA), a member of
the British and Irish University and College Contact Lens Educators (BUCCLE) and International
Association of Contact Lens Educators (IACLE), a council member of the International Society
for Contact Lens Research and an external examiner for the College of Optometrists. She
is a past recipient of the IACLE Contact Lens Educator of the Year and the BCLA Irving Fatt
Memorial Award. She has authored over 60 publications in the area of contact lenses and the

anterior eye.

85U80]7 SUOWILLOD 3ARER.D 8|qedl|dde aus Aq peusenob aJe saone VO ‘@sn Jo sajnJ Joj AreiqiT8uljuO 8|1/ UO (SUORIPUOD-pUe-SWLRY/LIO" A3 1M AeJq 1 BUI UO//SARY) SUORIPUOD PuUe SWB | 81 88S *[1Z0z/70/92] Uo AriqiTauluo A8|iMm ‘BIssyoue N JO A1IseAIUN Y L Aq 0ZEET 0do/TTTT OT/I0p/L00 A8 |IM Areiq Buljuo//SdNY WoI) pepeo|umod ‘0 ‘€TETST


https://doi.org/10.1111/opo.13278
https://doi.org/10.1111/opo.13278
https://doi.org/10.1111/opo.13286
https://doi.org/10.1002/14651858.CD014758.pub2
https://doi.org/10.1002/14651858.CD014758.pub2
https://doi.org/10.1155/2020/8067657
https://doi.org/10.1111/opo.13279
https://doi.org/10.1111/opo.13279
https://doi.org/10.1111/opo.13293
https://doi.org/10.1097/ICL.0000000000000973
https://doi.org/10.1097/ICL.0000000000000973
https://doi.org/10.1111/opo.13310
https://doi.org/10.1111/opo.3265
https://doi.org/10.1167/tvst.10.2.34
https://doi.org/10.1167/tvst.10.2.34
https://doi.org/10.1111/opo.13221
https://doi.org/10.1167/tvst.9.7.44

GUEST EDITORIAL

/4§ THE COLLEGE OF 7
OPTOMETRISTS

Nicole Carnt is a scientia associate professor at The School of Optometry and Vision Science,
UNSW, Sydney, Australia. She graduated from optometry at the University of New South Wales
(UNSW) in 1989 and worked in private practice for 10years in Australia and the UK before tak-
ing a position with the Brien Holden Vision Institute at UNSW in 1999. She completed a PhD
on Genetics and Epidemiology of Contact Lens-Related Infection and Inflammation in 2008-
2012 and has been the recipient of many research awards, including two American Academy of
Optometry Ezell Fellowships. She was awarded a prestigious Australian Government NHMRC
Research Fellowship in 2012 and spent the first 2.5years at Moorfields Eye Hospital, London.
Currently, she leads a multi-disciplined team investigating genomic, environmental and be-
havioural risk factors for keratitis. She is chair of the Australian Standards Committee on Contact
Lenses and an ISO Contact Lens Working Group panellist. Nicole also holds honorary research
positions at University College London (UCL) and The Westmead Institute for Medical Research,
University of Sydney, and teaches ocular disease in the UNSW Clinical Optometry Masters course.
Nicole is passionate about patient engagement in research, healthy contact lens wear, women
in STEMM and mentoring in research and optometry.

Heidi Wagner received her Doctor of Optometry degree from The Ohio State University and her
Master of Public Health degree from the University of Massachusetts at Amherst. She is a profes-
sor at the Southern California College of Optometry at Marshall B. Ketchum University. Her clin-
ical and research interests include the management of keratoconus and other corneal ectasias
and the exploration of risk factors associated with adverse contact lens events in children and
young adults. Dr. Wagner is a clinical diplomate in the Cornea, Contact Lenses and Refractive
Technologies Section of the American Academy of Optometry, as well as a Distinguished
Practitioner and Fellow in the National Academies of Practice.

Fiona Stapleton is a UK-trained optometrist with expertise in basic and translational research
in the fields of contact lens-related disease, corneal infection and dry eye. Her research aims
to improve understanding of their epidemiology, pathophysiology and management. She
moved to Australia after completing her PhD at Moorfields Eye Hospital and City University,
a post-doctoral fellowship at University College London (UCL) and a lecturer role at City
University. She is a scientia professor at UNSW Sydney in the School of Optometry and Vision
Science, formerly Head of School from 2007 to 2019, and has been part of the Editorial Board
of Ophthalmic and Physiological Optics since 2016. She was awarded the Life Fellowship of the
British College of Optometrists in 2019.

85U80]7 SUOWILLOD 3ARER.D 8|qedl|dde aus Aq peusenob aJe saone VO ‘@sn Jo sajnJ Joj AreiqiT8uljuO 8|1/ UO (SUORIPUOD-pUe-SWLRY/LIO" A3 1M AeJq 1 BUI UO//SARY) SUORIPUOD PuUe SWB | 81 88S *[1Z0z/70/92] Uo AriqiTauluo A8|iMm ‘BIssyoue N JO A1IseAIUN Y L Aq 0ZEET 0do/TTTT OT/I0p/L00 A8 |IM Areiq Buljuo//SdNY WoI) pepeo|umod ‘0 ‘€TETST



	Reimagining approaches to solving common contact lens conundrums
	INTRODUCTION
	EXPLORING CONTACT LENS DISCOMFORT
	EVERYTHING OLD IS NEW AGAIN—EVEN IN CONTACT LENS FITTING CHARACTERISTICS
	EMERGING VISION CORRECTION AND TECHNIQUES—ESTABLISHED LENS DESIGNS ANALYSED USING NOVEL TECHNIQUES
	OXYGEN PERFORMANCE
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


