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Animal Models

 Macaque and marmoset monkeys,
tree shrews, guinea pigs, mice,
chickens, fish, and squid

 Emmetropization
* Form deprivation myopia

* Lens-induced myopia and hyperopia
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undestanding of the rol
and the developn

The results of many studies in a variety of species have
visual experience and the mechanis
ent of myopia. This paper surveys amd reviews the major contrbutions
that experimentsl studies using animal models have made o our thinking about

significantly advanced our
s of postnatal eve growth,
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anmampizEton and development of myopia. These stiadies cstablizhed important
oncepls infming our knowledge of the visual regulation of eye growth and mefractw
development and have transformed treamment strategies for myopia, Sevenl major findings
have come from studies of experimental animal models. These include the eye's ability w
detect the sign of retimal defocus and undergo compensatory growth, the locsl retiral
oomral of eye growth, regulatory changes in choroidal thickness, and the identification of
omponens in the biochemistry of eye growth leading to the chamoerization of sigral
cascades regubiting eve growth and refractive state. Several of these indings provided the
prools of conoepis that fom the scientific basis of new and dfective clinical treatments for
omtrolling myopia progression in humans.  Experimental amimal modds comtinee w0
provide new insights into the cellular and molecular mechanisms of eve growth comtral,
induding the identification of potential new tagets for drug development and future
teatments needed 1o stem the increasing prevalence of myopia and the visionthretening

oo mditions associated with this disease,

Keywaonds myopia, emmets pization, animal models, visual regulation, eye growth

1. INTRODUCTION

mmeropization refers o the devdopmental process Ut
E matches the eye's optical power o its axial length 2ot
the umsccommadaed eye is focused a distance, Investigations
using aninml modds lave informed our undestanding of the
roke of vision in postmal eye growth, the mechamisns and
operating clamctedstcs of emmetropization, and the develop-
ment of refractive eros (myopia, where the eye i Uypically 1o
loarag For its opical power; and hyperopia, where the eye i oo
sl for its optical power). Ammal models have established the
existence of visual megulation of eye growth and rdractive
devdopment as well a5 loml retiml oomrol of eye growth,
They have ilso revealed biochemical signaling ciscades Ut
transduce visual stimuli rdated W the sign of delcus inlo
oellubar and biochemical clanges in the ratina, which, in turn,
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signal changes in the retiml pigmem epithelium (RPE),
choroid, and eventually sclera, leading 1o alterad eye growth
and clamges in refadive swe. These studiess provide a
Framewodk Ko the development of optical and phamaonlogic
treatments that can be used w effectively reduce the
prevalence and progression of myopia, which has become a
major public health concern.”

In this paper, the indings of investigations using & peri
mental animal models to study emmeropiztion and myopa
developmenl are reviowad . The oontrbutions that sudies with
experimental animal modds have made w underdanding the
mechmnisms of enmetropizsion, the devdopment of myopi,
and new reaments o meduce myopi progression an
summarisesd. Current maodels of eye growth contml, areas of
investigation and majoer findings, and frameworks for the

M31
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The results of many stodies in a varety of species have significantly advanced our
undemstanding of the role of visuml experienoe and the mechanisms of postnatal eve growth,

amd the development of myopia. This paper surveys and reviews the major contributions
that experimentsl soodics wing animal models have made o our thinking abowt
cmmEmpizEton and development of myopi. These studies established important
anncepts infming our knowledge of the visul regunbition of eye growth and sefractive
development and have wrangdormed treatment strategies for myopia. Several major Andings
tave come from studies of experimental animal models. These include the eye's ability w
deteat the sign of eetinal defocus and undergo compenssory gowth, the local metinal
anmtrol of eye growth, regulatory changes in chomidal thickness, and the identification of
mponents in the biochemistry of eye growth leading to the clama erization of sigral
cascades regubiting eve growth and mefractive state. Several of these indings provided the
proafs of conoepis tat fom the scientific basis of new and dfective clinical teatmenis for
oontrolling myopia progression in humans, Experimental anmimal modds comtinue o
provide new insights invo the cellular and molecular mechanisms of eye growth contral,
induding the identification of potential new tamgets for drog development and fture
teatmenis needed Lo stem the increasing prevalence of myopia and the visionthretening
comditions associated with this disease,
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and clanges in refadive sate. These sudiss provide a
framewark for the development of optical and phamaoologic
treatments tmt can be wsed W effectively reduce the
prevalence and progression of myopia, which has become a
major public health concern.”

In this paper, the Gndings of investigalions using o peri
mental animal models o study emmeropizton and myopia
development are reviewad . The contrbutions tat gudies with
experimental animal modds lave made w undergtanding the
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Emmetropization in Human Infants

Axial Growth and Changes in Lenticular and Corneal
Power during Emmetropization in Infants

Donald O. Mutti," G. Lynn Mitchell,' Lisa A. Jones,'

Wendy K. Lin,* Melvin I. .-'I-mescih‘mg{er,-‘

Purpose. To evaluate the contribution made by the ocular
components (o the emmetropization of spherical equivalent
refractive error in human infants between 3 and 9 months of
age.

Memnons. Ke
formed on 22

sphakometry in two merid

nd vitreous ¢l

, lens th 3 -
n ultrasonography over

ber depth were measured by
the closed eyelid.

ResuLts. Both the mean and SD for spherical equivalent refrac-
tive error decreased between 3 and 9 months of age (+2.16 =
L350 D at 3 months; +1.36 % 1.06 D at 9 months; P < 0.0001,
for the change in both mean and 513). Ave r:zg,,n ocular compo-
nent change was charcterized by i I length,
thinning, and flatte: creases in lens
equivalent refra 0 lens and comeal
refractive error was associated in a nonlinear
manner with the change in refractive error (R* = 0.41; P <
0.0001) and with axial growth (B = 0082 P = UO(J!}"J)
Reduction in hyperopia correlated signi v
in axial length (R‘ = 0.16; P < 0.0001), by not with chs
in comeal and lenticular power. Dec in lenticula
corneal power were associated with axial elongation (R* =
0,40, B2 = 0,12, respectively; both P < 0.0001).
Concrosions, Modulation in the amount of axial growth in
relation ln itial refractive error appeared to be the most
influcnti tor in emmetropization of spherical equivalent
refractive error. The associations between al refractive
i ive error
netropization. The
cornea and crystalline lens lost substantial amounts of dioptric
power in this phase of growth, but neither appeared 1o play a
significant role in emmetropi (Invest Of I Vis
Scf. 2005:46:3074 - 30800 DOL10.1167/iovs. 04-1040
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Nina E. Friedman,” Sara L. Frane’

and Karla Zadnik'

effactive error represenl mismatch between the eve's
focal length and its a length. Infant eyes undergo a
process of emmetropization whereby both the average amount
and the varance in the d ution of refractive errors are
reduced. The precise mechanisms coordinating the optical and
structural development of the eye are not completely under-
stood. Results of animal experime) ~um.c-:l hat this process
is guided by fc ck from visual mut * The current model
of human emmetropization from al studics is hyper-
opic defocus caused by an infant’s hyperopic refractive error
modulates the growth of the eye to reduce refractive error
Also poorly understood is the role played in emmetropiza-
e ocular ¢ s, such as the comea or crystal-
- The k model of emmetropization holds
that defocus modul e axial growth of the eye 1o reduce
refractive error. Visual guidance of ocular growth m
=" mechanism. In contr
it o

fore be termed an
nd lens could be important ©
if the eye grew at a cerain random rate, but ¢
power of the comea and crystalline lens occu
proportion to the initial refra error. The cry:
of power during

he cornea

TAf the

growth,

Infants with little
hyperopia could move more slowly toward emmetropia if
lenticular or comeal power decreased by a large number of
diopters per millimeter of axial growth. Emmetropization
could therefore result from the loss of anterior segment power
at different rates, depending on initial refractive error. Varia-
tion in the contribution of the equatorial gradient index profile
to power changes during '

refractive error might therefore be termed “pa
visual guidance of axial growth would not be nec
particular type of passive emmetropization would be distinet
from a previously described  pass mechanism for em-
metropization due to sc he decrease in rel fl"l\ll\( error
as a proportion of the de g power of the eye.

The purpose of the Berkeley Infant Biometry Study (BIBS)
is to document the development of the major op ocular
components during emmetropization. The purpose of this
repor is to examine how the major ocular components—
namely, axial length, corncal power, and crystalline lens
power—change 1o produce emmetropia and whether that
PROCCSS OpCT: SIVE process
Support for m would come from ¢
dence of emmetropizs hrough lulation of 3
growth, analogous to that scen in animal experimentation,
whereas a passive chanism would be inferred from em-
metropization occurring primarily through modulation of
corneal and lenticular power.

Investigative Ophthalmalogy & Visual Science, September 2005, Vol. 46, No. 9
Copyright © Association for Research in Vision and Ophihalmology
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that experimentsl studies using animal models have made o our thinking about
anmampizEton and development of myopia. These stiadies cstablizhed important
oncepls infming our knowledge of the visual regulation of eye growth and mefractw
development and have transformed treamment strategies for myopia, Sevenl major findings
have come from studies of experimental animal models. These include the eye's ability w
detect the sign of retimal defocus and undergo compensatory growth, the locsl retiral
oomral of eye growth, regulatory changes in choroidal thickness, and the identification of
omponens in the biochemistry of eye growth leading to the chamoerization of sigral
cascades regubiting eve growth and refractive state. Several of these indings provided the
prools of conoepis that fom the scientific basis of new and dfective clinical treatments for
omtrolling myopia progression in humans.  Experimental amimal modds comtinee w0
provide new insights into the cellular and molecular mechanisms of eve growth comtral,
induding the identification of potential new tagets for drug development and future
teatments needed 1o stem the increasing prevalence of myopia and the visionthretening

oo mditions associated with this disease,
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Cogyeight 201 The Ambors
o arvoq nmals o | 1584 15525783

signal changes in the retiml pigmem epithelium (RPE),
choroid, and eventually sclera, leading 1o alterad eye growth
and clamges in refadive swe. These studiess provide a
Framewodk Ko the development of optical and phamaonlogic
treatments that can be used w effectively reduce the
prevalence and progression of myopia, which has become a
major public health concern.”

In this paper, the indings of investigations using & peri
mental animal models to study emmeropiztion and myopa
developmenl are reviowad . The oontrbutions that sudies with
experimental animal modds have made w underdanding the
mechmnisms of enmetropizsion, the devdopment of myopi,
and new reaments o meduce myopi progression an
summarisesd. Current maodels of eye growth contml, areas of
investigation and majoer findings, and frameworks for the
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induding the identification of potential new tagets for drug development and future
teatments needed 1o stem the increasing prevalence of myopia and the visionthretening

oo mditions associated with this disease,

Keywaonds myopia, emmets pization, animal models, visual regulation, eye growth

1. INTRODUCTION

mmeropization refers o the devdopmental process Ut
E matches the eye's optical power o its axial length 2ot
the umsccommadaed eye is focused a distance, Investigations
using aninml modds lave informed our undestanding of the
roke of vision in postmal eye growth, the mechamisns and
operating clamctedstcs of emmetropization, and the develop-
ment of refractive eros (myopia, where the eye i Uypically 1o
loarag For its opical power; and hyperopia, where the eye i oo
sl for its optical power). Ammal models have established the
existence of visual megulation of eye growth and rdractive
devdopment as well a5 loml retiml oomrol of eye growth,
They have ilso revealed biochemical signaling ciscades Ut
transduce visual stimuli rdated W the sign of delcus inlo
oellubar and biochemical clanges in the ratina, which, in turn,

Cogyeight 201 The Ambors
o arvoq nmals o | 1584 15525783

signal changes in the retiml pigmem epithelium (RPE),
choroid, and eventually sclera, leading 1o alterad eye growth
and clamges in refadive swe. These studiess provide a
Framewodk Ko the development of optical and phamaonlogic
treatments that can be used w effectively reduce the
prevalence and progression of myopia, which has become a
major public health concern.”

In this paper, the indings of investigations using & peri
mental animal models to study emmeropiztion and myopa
developmenl are reviowad . The oontrbutions that sudies with
experimental animal modds have made w underdanding the
mechmnisms of enmetropizsion, the devdopment of myopi,
and new reaments o meduce myopi progression an
summarisesd. Current maodels of eye growth contml, areas of
investigation and majoer findings, and frameworks for the
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1. Peripheral hyperopia imposed in
both eyes of 8 infant monkeys by
-3 D spectacle lenses with
6 mm circular apertures

 Unrestricted field of view = 10 deg

2. Ablated central 10 deg of retina of
one eye of 6 infant monkeys

 Peripheral hyperopia imposed
by full aperture —3 D lenses
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Relative peripheral hyperopic defocus alters central refractive development

in infant monkeys

Earl L. Smith I1***, Li-Fang Hung®*, Juan Huang*"

*Collsge of Optometry, University of Houwsthon, Housion, T LSA
B Vision (R, Syaney, Ausinalia

ARTICLE INFO ABSTRACT

Article history: Unederstanding the role of peripheral defocus on central refractive development is critical because refrac-

Reczived 22 February 2009
Recived in rovised form 17 July 2008

tive errors can vary significantly with eccentricity and peri pheral refractions have been implicated in the
genesis of central refractive armoms in hismans. TWo rearig strategies were used to detemiine whether

peripheral hyperopla alters central refractive development in rhesus monkeys. In intact eyes, lens-

induced relative peripheral hyperopla produced central axial myopia Moreover, eliminating the fovea

Keywards: by laser photoablation did not prevent compensating myopic changes in response to optically imposed

Miyopia

Hyperapia
Peripherd refraction
Refractive ermar
Emmetropization

hyperopia These results show that peripheral refractive emors can have a substantial impact on central
refractive development in primates.

& 2009 Bsevier Ltd. All rights resemved.

1. Introduction

Visual feedback assodated with the eye's effective mfractive
state regulates emmetropization (Morton, 1999; Smith, 1998;
Wallman & Winawer, 2004). In many spedes, inchuding primates,
the effects of vision on refractive development appear to be medi-
ated primarily by local retinal mechanisms that integrate visual
signals in a spatially restricted manner and that exert their influ-
ence selectively on the subjacent sdera (Diether & Schaeffel,
1997; Hodos & Kuenzel, 1984; Siegwart & Norton, 1993;
Smith et al, 2009; Wallman, Gottlieh, Rajaram, & Fugate-Wentzek,
1987). Although it has generally been assumed that visual signals
from the fovea or central retina dominate refractive development
in primates (Stone & Flitcm ft, 2004 ), several lines of evidence indi-
cate that peripheml visual signals can have a substantial effect on
axial growth and central refractive development.

Clinical o bservations provide support for the idea that wisual sig-
nals from the peripheral retina can have a significant impact on
emmetropization at the fovea and possibly the genesis of common
refractive errors. For example, patients who have natural or treat-
ment-induced peripheral retinal abnormalities frequently exhibit
larger than normal ranges of central refactive errors and, on aver-
age, larger central refractive errors (Connolly etal 2002 ; Knight-Ma-
nan & 'Keefe, 1996; MNathan, Kiely, Crewther, & Crewther, 1985;
Nissenkorn, Yassur, Mashkowski, Sherf, & Ben-Sira, 1983; Sieving

* Carrespanding authar. Add ress: Uriversity of Houstan, Gallege of Optametry,
505) Armistead B, Houstan, TX 772042020, USA_ Fax: +1 713 743 2053,
E-mail address: esmith@uh.edu (EL Smith).

D042 G389 - see front matter © 2009 Eevier Ltd. All rights reserved.
iz 10110716 . wi srees 200E.07.011

& Fishman, 1978). It is possible that these central refractive errors
come about because the treatment and for disease processes inber-
fere with the mechanis ms res ponsible for emmetropization In this
respect, children who have conditions or diseases that primarily af-
fectthe peripheral retina usually exhibit larger central refractive er-
rors than children with eye diseases that primarily affect central
vision{Mathan etal., 1985).

The most direct evidence that peripheral vision can influence
central refmctive development come from animal experiments in
which the visual signals from the fowea were eliminated or from
experiments in which peripheral vision was seectively manipu-
lated. For example, laser photoablation of the fowea in infant mon-
key s does not{ 1) interfere with emmetropization in animals reared
with unmestricted vision, (2) prevent form-deprivation from pro-
ducing central axial myopia, or (3] alter the recovery from experi-
mentally induced refractive emors (Smith, Kee, Ramamirtham,
Qiao-Grider, & Hung, 2005; Smith et al, 2007). These results dem-
onstrate that visual signals from the fovea are not essential for
many vision-dependent changes in refractive development and
that visual signals from the periphery, in isolation, can be used to
determine the direction of axial growth required to eliminate cen-
tral refractive errors and to determine when ocular growth has
eliminated that refractive error, ie. when emmetropia has been
established Moreover, when experimental manipulations impose
conflicting visual signals between the central and peripheral retina,
peripherl vision can dominate overall ocular growth, For example,
chicks and monkeys that were reared with diffuser lenses that
selectively deprived the perpheral retina of form wision, but al-
lowed unrestricted central vision, ty pically developed ceniral axial
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Clinical Trials

Retardation of Myopia in Orthokeratology (ROMIO) Study:

Supports Use of Peripheral Positive Defocus

Overnight Orthokeratology

A 2-Year Randomized Clinical Trial

Fauline Cho and Sin-Wan Cheung

Axial length (mm)
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Distance-Center Multifocal Contact Lenses

JAMA | Original Investigation

Effect of High Add Power, Medium Add Power, or Single-Vision

Contact Lenses on Myopia Progression in Children
The BLINK Randomized Clinical Trial

Jeffrey J. Walline, OD, PhD; Maria K. Walker, OD, PhD; Denald O. Mutti, OD, PhD; Lisa A. Jones-Jordan, PhD;
Loraine T. Sinnott, PhD; Amber Gaume Giannoni, OD; Katherine M. Bickle, OD, MS; Krystal L. Schulle, OD:;
Alex Nixon, OD, MS; Gilbert E. Pierce, OD, PhD; David A. Berntsen, OD, PhD; for the BLINK Study Group

E’ High add power contact lens , 2o :
Peripheral light rays focus further
in front of the peripheral retina




Refractive Development with Dual-Focus Lenses

Macaques reared with binocular dual-focus
spectacles

Lenses had central 2-mm clear zones and

concentric annular zones with alternating powers:

« +3and 0 D (+3 D/0) or
« -3and 0D (-3 D/O

Relative widths of powered and plano zones
varied from 50:50 to 18:82

Comparison data from monkeys reared with
binocular full-field single-vision lenses
F+3 D, FF -3 D, n =10) and 35 controls

Investigative Ophthalmolegy & Visual Science
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Purross. We investigated how the relative surface area devoted to the more positive-powered
component in dual-focus lenses influences ypization in rhesus

Mgemnons. From 3 to 21 weeks of age, macaques were reared with binocular dualfocus
spectacles. The treatment lenses had central 2mm zones of zero-power and concentric
annular zones that had alternating powers of cither +3.0 diopters (D) and 0 D (+3 D/pL) or
—3.0 D and 0 D (—3 D/pL). The relative widths of the powered and plano zones varied from
50:50 to 18:82 between treatment groups. Refractive status, corneal curvature, and
dimensions were assessed biweekly throughout the lens-rearing period. Comparison data
‘were obtained from monkeys reared with binocular fulfield single-vision lenses (FF+3D, n =
6; FF—3D, = 10) and from 35 normal controls.

Resuirs. The median refractive errors for all of the +3 D/pL lens groups were similar to that
for the FF+3D group (+4.63 D versus +4.31 D to +5.25 D; P = 0.18-0.96), but significantly
more hyperopic than that for controls (+2.44 D; P = 0.0002-0.003). In the —3 D/pL
monkeys, refractive development was domimated by the zero-powered portions of the
treatment lenses; the —3 D/pL animals (+2.94 D to +3.13 D) were more hyperopic than the
FF—3D monkeys (—0.78 I; P = 0.004-0.006), but similar to controls (+2.44 D; P = 0.14-

Conawsions. The results demonstrate that even when the more positive-powered zones make
up only onefifth of a duakfocus lens’ surface area, refractive development is still dominated by
relative myopic defocus. Overall, the results emphasize that myopic defocus distributed
across the visual field evokes strong signals to slow eye growth in primates.

Keywords: emmetropization, hyperopia, myopia, Fresnel lens, refractive error, eye growth
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East Asia'" and i
is rapidly increasing
countries.”# Moreove:

has reached epidemic proportions in many parts of
appears that the prevalence of myopia
the United States® and other non-Asian
in recent decades, the onset of myopia

ment strategies to reduce the burden of myopia. Specifically, in
a wide variety of animal spedies it has been demonstrated that
ocular growth and refractive development are regulated by
visual feedback associated with the eye’s effective refractive

has shified to younger ages,'® which has ultimately led to an
increased prevalence of high degrees of myopia.l!! This
increase in highly myopic eyes, which has been dramatic in
many countries, is a significant economic burden'*"'* and
a major public health concern because of the associated sight-
threatening conditions of myopic macular degeneration, retinal
detachment, cataract, and glaucoma.'® Unfortunately, it has
been estimated that the retinal complications due to myopia
will increase dramatically over the next few decades as the
prevalence and degree of myopia continues to increase and as
the population around the world ages®2' In this respect,
treatment strategies that could effectively reduce myopia
progression and/or delay the onset of myopia could have
substantial therapeutic benefit.? 24

Fortunately, research conducted on kboratory animals has
provided the sdentific foundation for potential optical treat-

lovs.arvojournals.ong | ISSN: 1552-5783

This work is licensed under a Creatis

Commons AttributionNonG

state, in essence optical defocus.?®32 Most imporanty,
optically imposed myopic defocus has been shown to
consistently slow oculir growth and produce hyperopic shifts
during emmetropization in young animals. >3 This pattern of
results indicates that optical correction strategies that produce
myopic defocus in children shoukd be effective in reducing
progression. In this respect, recent clinical trials have
shown that a varicty of lens designs that correct distance vision
while simultancously impuosing relative myopic defocus over a
large part of the retina® can produce clinically meaningful
reductions in myopia progression in children %6-41

In particular, traditional multifocal spectacles’ % and
aspheric spectacle lenses that were designed to produce
relative myopic defocus primarily in the periphery have been
shown to reduce myopia progression in children, with Franklin-
style bifocals, which typically impose myopic defocus over a
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Refractive Development with Dual-Focus Lenses

» Refractive errors for +3 D/0 group B
similar to FF +3 D group 6
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Refractive Development with Dual-Focus Lenses

» Refractive errors for +3 D/0 group B
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Refractive Development with Dual-Focus Lenses
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« Refractive errors for —3 D/0 group,
similar to controls

Ametropia (D)

B ST N N NV
ﬁﬂ!!n - Eﬁ*ln - .::}Q':']Q Q{flu“
A A

Area Devoted to Powered Component



Refractive Development with Dual-Focus Lenses

6 )
a)
Y
Q.
S 2
_ @
 Refractive errors for —3 D/0 group, E: )
similar to controls
. ) : : .
» But less myopic than FF —3D group A© a0 O © a0
’\ﬁﬂ!!a Eﬁ*ln .::}Q':']Q @ffln

Area Devoted to Powered Component



Refractive Development with Dual-Focus Lenses
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Refractive Development with Dual-Focus Lenses

* |n monkey eyes,
refractive development driven
by more positive area of lens
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Supports Use of Dual-Focus with Plus Power

A 3-Year Randomized Clinical Trial of MiSight Lenses for

Myopia Control

Paul Chamberlain, B5c,'* Sofia C. Peixnto-de-Matos, M3z, Nicola 5. Logan, PhD,? Cheryl Ngn, MEBS, MMed,*

Debeorah Jones, BSe, FARD,® and Gragme Young, PhD, FARDS

0.00
-0.25
c
@ -0.50
g
o
=
= .0.75
°
@
wn
1]
@ -1.00
o
£

-1.25

-1.50

—O— Control

—e— MiSight

12 24 36
Follow-up (months)

SER change from baseline, D

JAMA Ophthalmology | Original Investigation

Spectacle Lenses With Aspherical Lenslets for Myopia Control
vs Single-Vision Spectacle Lenses
A Randomized Clinical Trial

Jinhua Bao, PhD; Yingying Huang, MD; Xue Li, PhD; Adeline Yang, MSc; Fengchao Zhou, BSc; Jungian Wu, BSc;
Chu Wang, BSc; Yuhao Li, BSc; Ee Woon Lim, BSc; Daniel P. Spiegel, PhD; Bjorn Drobe, PhD; Hao Chen, MD, OD

U_
-0.4+
-0.84
-1.2 1
-1.6+
0 6 12 18 24
Time, mo



Zadnik and Mutti

 Critical review of how animal myopia data relate
to human condition

« Concerns about application of animal models of
myopia to etiology of human juvenile onset
myopia including:

1. No deprivation of form vision in environment of
school-aged child as severe as that required to
iInduce myopia in animals

2. Sensitive period for deprivation myopia in
animals appears to be too early to account for
human juvenile onset myopia

3. Studies in chicken using spectacle lenses to
create dioptric blur involve choroidal thickness
modulation that has no human analog

1995

@ Pergamon

0042-6989(94)00234-7

Vision Bes, Vol, 15, No. 9, pp. 1283~ 1288, 1995
Copyright [ 1995 Elsevier Science Lid
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How Applicable are Animal Myopia Models
to Human Juvenile Onset Myopia?

KARLA ZADNIK,* DONALD O. MUTTI*
Recefved I February 1994, in revised form 27 April 1994

1 igations into the pl

of eye growth and refractive error development have significantly

Exptndcd our knowledge of nnunal models of myopia in the last 15 yr. The applicability of this

sasyer d, but hopefully this

will be useful in learning more about

human myopia. This paper presents a critical review of the animal myopia literature as those data
relate to the human condition. Differences between the chicken, tree shrew, nd primate ulm-l models
of myopia are outlined, and the various used to i ive error
development and ocular growth in the chicken are compared. Specific argmenm against the
application of animal models of myopia to the elinlog'_r of human juvenile onset myopia include the
following: (1) there is no deprivation of form vision in the environment of the school-aged child as
severe as that required to induce myopia in animals; (2) the itive period for deprivation myopia
in animals appears to be too early to account for human juvenile onset myopia; and (3} studies in the
chicken using spectacle lenses to create dioptric blur involve a choroidal thickness modulation that
has no human analog. Ultimately, the results of investigations into the cellular and biochemical

maodulation of eye growth in animals may be the most relevant to human myopia.

Myopia Deprivation Animal myopia Emmetropization Juvenile onset myopia Heredity

Environment

Various aspects of human myopia have been studied
for at least 80yr (Steiger, 1913; Working Group on
Myopia Prevalence and Progression, 1989). That re-
search has produced evidence for a genetic-based etiol-
ogy of myopia as well as for an environmental-based
theory of myopia centered on accommodation and near
work (McBrien & Barnes, 1989). It is as yet unknown
what relative roles these “nature™ and “nurture” com-
ponents play in the onset and progression of human
myopia, and there are many limitations in attempting to
discern their relative roles through epidemiologic and
clinical research, The fortuitous discovery that abnormal
axial length elongation occurs in certain animal species
during visual deprivation is largely responsible for the
resurgence of research interest in myopia as experimen-
tal manipulation became possible in the study of the
etiology of myopia (Wallman, Turkel & Trachiman,
1978; Wiesel & Raviola, 1977). The three species most
often studied are: (1) the chicken, with visual deprivation
resulting in marked elongation of the globe (Wallman
& Adams, 1987), even when applied regionally
(Wallman, Gottlieb, Rajaram & Fugate-Wentzek, 1987),
(2) the tree shrew, with visual deprivation resulting
in marked globe elongation and resultant myopia
(McKanna & Casagrande, 1978; Marsh-Tootle &

*School of Optometry, University of California at Berkeley, Berkeley.
CA 94720, U5A.

Morton, 1989), and (3) non-human primates, with dis-
ruption of normal visual input resulting in moderate
axial growth and moderate myopia in some studies
(Raviola & Wiesel, 1985; Tigges, Tigges, Fernandes,
Eggers & Gammon, 1990); Wiesel & Raviola, 1977,
1979).

Troilo and Wallman (1991) have recently drawn
parallels between three lines of evidence from animal
experimentation, relating the plasticity of refraction and
the infl of the i in animals to an
environmental etiology for human myopia: (1) refraction
can be tuned to partially compensate for the defocus
induced by spectacle lenses (Irving, Sivak & Callender,
1992; Schaeffel, Glasser & Howland, 1988; Schaeffel &
Howland, 1991; Schaeffel, Troilo, Wallman & Howland,
1990; Wallman, Xu, Wildsoet, Krebs, Gottlieh, Marran
& Nickla, 1992); (2) a physically near environment
produces myopia and is presumed to be analogous
to prolonged near work in humans (Miles & Wallman,
1990; Young, 1961); and (3) form deprivation pro-
duces myopia both in animal species (McKanna &
Casagrande, 1978; Raviola & Wiesel, 1985; Wallman
et al., 1978) and in humans (Gee & Tabbara, 1988;
Miller-Meeks, Bennett & Keech 1989; Rabin, Van
Sluyters & Malach, 1981; Robb, 1977; von Noorden &
Lewis, 1987).

Given the vast array of information on experimental
myopia available from the animal models, especially the
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exp-nded our knowledge of animal models of myopia in the last 15 yr. The applicability of this
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human myopia. This paper presents a critical review of the animal myopia literature as those data
relate to the human condition. Differences between the chicken, tree shrew, nd primate ulmal models
of myopia are outlined, and the various used to i g ive error
development and ocular growth in the chicken are compared. Specific arguments against the
application of animal models of myopia to the elinloﬂ of human juvenile onset myopia include the
following: (1) there is no deprivation of form vision in the environment of the school-aged child as
severe as that required to induce myopia in Is; (2) the sensitive period for deprivation myopia
in animals appears to be too early to account for human juvenile onset myopia; and (3} studies in the
chicken using spectacle lenses to create dioptric blur involve a choroidal thickness modulation that
has no human analog. Ultimately, the results of investigations into the cellular and biochemical

modulation of eye growth in animals may be the most relevant to human myopia.

Myopia Deprivation Animal myopia Emmetropization Juvenile onset myopia Heredity

Environment

Various aspects of human myopia have been studied
for at least 80 yr (Steiger, 1913; Working Group on
Myopia Prevalence and Progression, 1989). That re-
search has produced evidence for a genetic-based etiol-
ogy of myopia as well as for an environmental-based
theory of myopia centered on accommodation and near
work (McBrien & Barnes, 1989). It is as yet unknown
what relative roles these “nature™ and “nurture” com-
ponents play in the onset and prugression of human
myopia, and there are many limitations in atlemplmg 1o

Morton, 1989), and (3) non-human primates, with dis-
ruption of normal visual input resulting in moderate
axial growth and moderate myopia in some studies
(Raviola & Wiesel, 1985; Tigges, Tigges, Fernandes,
Eggers & Gammon, 199%0; Wiesel & Raviola, 1977,
1979).

Troilo and Wallman (1991) have recently drawn
parallels between three lines of evidence from animal
experimentation, relating the plasticity of refraction and
the infl of the i in animals to an

discern their relative roles through epid 1 and
clinical research, The fortuitous discovery that abnormal
axial length elongation occurs in certain animal species
during visual deprivation is largely responsible for the
resurgence of research interest in myopia as experimen-
tal manipulation became possible in the study of the
etiology of myopia (Wallman, Turkel & Trachiman,
1978; Wiesel & Raviola, 1977). The three species most
often studied are: (1) the chicken, with visual deprivation
resulting in marked elongation of the globe (Wallman
& Adams, 1987), even when applied regionally
(Wallman, Gottlieb, Rajaram & Fugate-Wentzek, 1987),
(2) the tree shrew, with visual deprivation resulting
in marked globe elongation and resultant myopia
(McKanna & Casagrande, 1978; Marsh-Tootle &
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envir | etiology for human myopia: (1) refraction
can be tuned to partially compensate for the defocus
induced by spectacle lenses (Irving, Sivak & Callender,
1992; Schaeffel, Glasser & Howland, 1988; Schaeffel &
Howland, 1991; Schaeffel, Troilo, Wallman & Howland,
1990; Wallman, Xu, Wildsoet, Krebs, Gottlieh, Marran
& Nickla, 1992); (2) a physically near environment
produces myopia and is presumed to be analogous
to prolonged near work in humans (Miles & Wallman,
1990; Young, 1961); and (3) form deprivation pro-
duces myopia both in animal species (McKanna &
Casagrande, 1978; Raviola & Wiesel, 1985; Wallman
et al., 1978) and in humans (Gee & Tabbara, 1988;
Miller-Meeks, Bennett & Keech 1989; Rabin, Van
Sluyters & Malach, 1981; Robb, 1977, von Noorden &
Lewis, 1987).

Given the vast array of information on experimental
myopia available from the animal models, especially the
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Emmetropization: a vision-dependent phenomenon

Emmetropization: a vision-dependent phe-
nomenon. JErFF RaBiN, RicHarp C. Van

« Retrospective analysis of refractive

error among humans subjected to SLovTeRs, axp Rart Matack.
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* Revealed significant degree of
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Emmetropization and Retinal Disease

* Retrospective data on 256 children from
low vision clinic

« Control data from 1,023 normally-sighted
children

* Low vision children grouped according
to disease classification and onset
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Disease-Associated Visual Image Degradation
and Spherical Refractive Errors in Children
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ABSTRACT

Retrospective clinical data from 496 eyes of
256 children attending a low vision clinic were
analyzed to determine the relation between
disease states which involve visual image
degradation and refractive error. Refractive
data from 1023 normal vision children were
used as a control. The low vision children were
grouped according to their disease classifi-
cation and the acknowledged age-of-onset of
their visual disability. It was found that there
was an overall inability to emmetropize and a
trend towards myopia. It was also observed
that the diseases which led to myopia were
associated with a peripheral or peripheral plus
central impairment of vision and that those
conditions in which foveal vision was primarily
impaired sk d a mild hyp opic trend.
Eyes in which the visual impairment was not
congenital but occurred before the age of 3
years tended to develop hypermetropia. The
deviation from emmetropia decreased with in-
creasing age-of-onset of the visual impair-
ment, as did the variation about the mean
refraction. The plastic period for emmetropi-
zation is estimated to end at 8 to 9 years of
age.

Key Words: image degradation, low vision,
age-of-onset of di ization,
myopia, hypermetropia
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Ocular diseases which cause severe visual loss
in early infancy have been noted to be associated
with high refractive errors, and in particular,
myopia. There have been numerous reports with
respect to lid hemangioma,' retinitis pigmen-
tosa,”” ptosis,* retinopathy of prematurit -
aract,™"optic atrophy,” macular dystrophy,” rup-
ture of Descemet’s membrane,” and neonatal lid
closure® In addition, casual reference to the
oceurrence of myopia in association with some
of the rarer forms of ocular disease afflicting
infants has frequently been made in case re-
ports.

In the present study, using retrospective hu-
man data retrieved from records of patients
attending a children’s low vision clinic, the dif-
ferences between specific classes of disease and
the refractive states are explored and these are
related to the age-of-onset of visual deprivation.

METHODS

A retrospective study was made of refractive
errors of 433 children between the ages of 1 and
16 vears who attended a multidisciplinary low
vision clinic in Melbourne, Australia.

For various reasons not all eyes of the 433 low
vision children were included in the analysis of
data, in some cases refraction results were in-
complete or unclear. The eyes of children with
cataract (207), subluxated lens (19), or corneal
opacification (3) were excluded from the sample
as refraction in these cases was considered to be
too unreliable. Additionally, eyes were excluded
if there had been any surgery or laser or radia-
tion therapy because of the possible effects upon
refractive error. Lastly, refraction details were
also unavailable for 65 eyes, thus reducing the
number of children for whom reliable refractive
data could be obtained to 256 with a total of 496
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Emmetropization and Retinal Disease

* Qverall inability to emmetropize
and trend towards myopia

* Peripheral retinal diseases associated
with more myopia

« If fovea primarily impaired, hyperopic trend

30 A

20 A

10-4

MACULOPATHIES (n=80 eyes)

R |

0]

30 4

20 4

10 4

0

T ol

RETINOPATHIES (n= 25 eyes)

an [l mdl [

L m -

20

10 A

0

OPTIC NERVE HYPOPLASIA
(n=20 eyes)

F\

= B

-20

iTiilnlls

10



Percentage of Eyes (%)

Form Deprivation Myopia

A. Form-Deprived Chicks B. Form-Deprived Monkeys
60 + L &0
I —O— Normal Eyes
50 A - 50 1| —@— Deprived Eyes
40 - - 40 -
L 30 -
| 2[} "
£
- L g —O—
40 30 20 10 0 10 15 10 5 0 5 10

Ametropia (D) Ametropia (D)



Percentage of Eyes (%)

Form

A. Form-Deprived Chicks

60 -
a0 A

40 -

40 30 20 -0
Ametropia (D)

Deprivation Myopia

60 -

a0 A

40 -

30 -+

20 -

pid g

0 J
-15

B. Form-Deprived Monkeys

—C— Normal Eves
—&— Deprived Eyes

10 5 0 5
Ametropia (D)

10

C. Form-Deprived Humans

60 -
50 -
40 1
20 -
20

10 A

-10

-0 0
Ametropia (D)

10



How Applicable are Animal Myopia Models”?

2. Sensitive period for deprivation myopia in
animals appears to be too early to account for
human juvenile onset myopia

Virion Res. Vol, 35, No. 9, pp. | 2831288, 1995
‘Copyright 1995 Elsevier Science Lid
Pringed in Great Britain. All rights reserved
D042-658995 §9.50 + 0,00
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How Applicable are Animal Myopia Models
to Human Juvenile Onset Myopia?

KARLA ZADNIK,* DONALD O. MUTTI*
Recefved I February 1994, in revised form 27 April 1994

0042-6989(94)00234-7

1 igations into the of eye growth and refractive error development have significantly
exp-nded our knowledge of animal models of myopia in the last 15 yr. The applicability of this

i isnsyer but hopefully this mllbemﬁlllnlenmngmore:bnur
human myopia. This paper presents a critical review of the animal myopia literature as those data
relate to the human condition. Differences between the chicken, tree shrew, nd primate ulmal models
of myopia are outlined, and the various used to i g ive error
development and ocular growth in the chicken are compared. Specific arguments against the
application of animal models of myopia to the elinloﬂ of human juvenile onset myopia include the
following: (1) there is no deprivation of form vision in the environment of the school-aged child as
severe as that required to induce myopia in animals; (2) the sensitive period for deprivation myopia
in animals appears to be too early to account for human juvenile onset myopia; and (3} studies in the
chicken using spectacle lenses to create dioptric blur involve a choroidal thickness modulation that
has no human analog. Ultimately, the results of investigations into the cellular and biochemical

modulation of eye growth in animals may be the most relevant to human myopia.

Myopia Deprivation Animal myopia Emmetropization Juvenile onset myopia Heredity

Environment

Various aspects of human myopia have been studied
for at least 80 yr (Steiger, 1913; Working Group on
Myopia Prevalence and Progression, 1989). That re-
search has produced evidence for a genetic-based etiol-
ogy of myopia as well as for an environmental-based
theory of myopia centered on accommodation and near
work (McBrien & Barnes, 1989). It is as yet unknown
what relative roles these “nature™ and “nurture” com-
ponents play in the onset and prugression of human
myopia, and there are many limitations in atlemplmg 1o

Morton, 1989), and (3) non-human primates, with dis-
ruption of normal visual input resulting in moderate
axial growth and moderate myopia in some studies
(Raviola & Wiesel, 1985; Tigges, Tigges, Fernandes,
Eggers & Gammon, 199%0; Wiesel & Raviola, 1977,
1979).

Troilo and Wallman (1991) have recently drawn
parallels between three lines of evidence from animal
experimentation, relating the plasticity of refraction and
the infl of the i in animals to an

discern their relative roles through epid 1 and
clinical research, The fortuitous discovery that abnormal
axial length elongation occurs in certain animal species
during visual deprivation is largely responsible for the
resurgence of research interest in myopia as experimen-
tal manipulation became possible in the study of the
etiology of myopia (Wallman, Turkel & Trachiman,
1978; Wiesel & Raviola, 1977). The three species most
often studied are: (1) the chicken, with visual deprivation
resulting in marked elongation of the globe (Wallman
& Adams, 1987), even when applied regionally
(Wallman, Gottlieb, Rajaram & Fugate-Wentzek, 1987),
(2) the tree shrew, with visual deprivation resulting
in marked globe elongation and resultant myopia
(McKanna & Casagrande, 1978; Marsh-Tootle &

*School of Optometry, University of California at Berkeley, Berkeley.
CA 94720, U5A.

envir | etiology for human myopia: (1) refraction
can be tuned to partially compensate for the defocus
induced by spectacle lenses (Irving, Sivak & Callender,
1992; Schaeffel, Glasser & Howland, 1988; Schaeffel &
Howland, 1991; Schaeffel, Troilo, Wallman & Howland,
1990; Wallman, Xu, Wildsoet, Krebs, Gottlieh, Marran
& Nickla, 1992); (2) a physically near environment
produces myopia and is presumed to be analogous
to prolonged near work in humans (Miles & Wallman,
1990; Young, 1961); and (3) form deprivation pro-
duces myopia both in animal species (McKanna &
Casagrande, 1978; Raviola & Wiesel, 1985; Wallman
et al., 1978) and in humans (Gee & Tabbara, 1988;
Miller-Meeks, Bennett & Keech 1989; Rabin, Van
Sluyters & Malach, 1981; Robb, 1977, von Noorden &
Lewis, 1987).

Given the vast array of information on experimental
myopia available from the animal models, especially the

1283



Lens-Induced Myopia and Hyperopia
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Lens-Induced Myopia and Hyperopia
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Monocular Overplus Spectacles

11-year-old myopic children, —1.00 to —3.00 D
Dominant eye corrected for distance

Fellow eyes were uncorrected or
undercorrected by 2 D

Interocular difference in myopia progression
= 0.36 D/year

Interocular difference in axial elongation
= 0.13 mm/year

After refitting with conventional spectacles,
anisometropia at baseline levels within 18 months

Sustained myopic defocus slows axial elongation

1186

EXTENDED REPORT

Monovision slows ]uveni|e myopia progression uni|cﬂero”y

J R Phillips

Br J Ophihalmd 200689 1196-1200. dai: 1001136/ b0 2004.064212

Aine To evaluate the coceplability, effectivity, and side eflects of o manovition spedade cormection
designed o reduce accommodation and myopia progression in schoclchildren,

Methods Dominant eyes of 11 year old children with myspia (—1.00 18 ~3.00D mean spherical
equivalent] were comeded for distance; Rllow eyes wene uncomeded or comected 1o keep the refrodive
imbalance £2.00D. Myopia progression was kllowed with cycdoplegic oulorefrocdfion and A-scan
ulrasenegraply measures of vitreo s chamber depth (VCD) for vp 1o 30 months. Dynamic retinoscopy
wos wed lo auen aceammodation while rending

Results Al children oommodmsi o read wnh. rhedmnr::e mrrecled 1dom|mM| ey, Thn the near
comeded eye exper ic def tall levels - inthe near
corected eyes wen. significantly dewer than in mdman.aeamreaed e i fm&r eq.e differance=0.34 D/
year (75% C: 0.54 % 0.19, p=0.0015, n=13]; diference in VCD eongafion=0.13 mm/year (95% CI:
0.18 10 0.08, p=0.0003, n=113). After refitfing with conventional speciacles, the resubont aniscmetropia
retumed o basdine levels aler 9-18 mantha,

Condusions Moncvision is not eflective in reducing occommodation in juvenile myopio. However,
myopia progression was significantly reduced in the near coarmeded eye, suggeting that susiained myopic
deboeus slows axial elongafion of the human eye.

metinal defocus (plane of foous located behind the

mtina) develop axial myopla! * In line with these
animal studies it has been suggested® that focusing ermrs
associated with prolonged accommaodation in particular lag
of accommodation (plane of foous behind the retina), might
explain the link between prolonged near work and the
development of axial myopla in humans. Atempts to reduce
accommsdat ve lag by prescribing progressive additon knses
(PALs) to children in order to reduce myopla progression
have had Hmited success™* Although PALs may shw
progression somewhat, the effect is insufficdent to control
myopla progression in the dinieal situatdon*™ Whether
results from animal medels are directly applicsble to
naturaly cocuring myopla in humans i questonable” A
study of undercorrection of myopla® found that myopla
progressed significantly more rapidly in children who were
undencorrected compared to those wearing a full comection,
implying that myopic defoos in humans increases the rate of
myopla progression. However, in animals myoplc defoous
slows elongation of the eye and causes hyperopla.'® Animal
studies also predict that overcarrecton of myopia might
accelerate myopla progresson in children. However, attempts
10 Mmanage exotropla,” or to slow myopla progresion with
overcarrection,' do not appear o increase myopla progres-
shon.

Alternative theories™ linking near work and myopia
development have proposed that intrascular forces assoclated
with sustained accommdation might lead 1o eye enlarge-
ment, perhaps by “stretching” the sclera. The human eye
dongates slightly during accommodation,' ™ suggesting that
profonged accommodation might lead to & permanent
increase in eye length and myopis. On this bask, reducdng
accommesdat ve effort might act 1o reduce myopla progres-
shon.

A prescription that is widely wsed to provide a near
addition for prestyople contact lens wearers & monovision, in
which ene eye is comrected for distance vision while the other

! nimalk raised wearing lenses which inpose hyperopic

wwew Bioghthalnd e

is corrected for near vision. In principle, a monovision
correction prescribed to childen with myopla could reduce
accommodative effort during near work and potentally slow
myopla progression. Although some aspects of visual func-
tion may be campromised with monovision.” * most
preshyople monovision wearers percelve a cear image of
the world at disance and at near and are unaware of the
ankometropic blur. ™

The aims of this smdy were to determine whet her children
could successfully wear a monovision spectacle correction
and whether it would reduce accommeedative effort at near. A
further aim was to inwestgate possible side effects of
manovision wear, particulady whether it might induce some
ankometropla over time Monovision was prescribed as
spectacles rather than contact kenses because the procedun:
was aimed at 11 year old children for whom spectacles ane
mire universally applicable.

METHODS

Farticipants were 18 children (11 female, seven male, mean
age 11.6 years) witha varety of ethnicorgins | 10 cast Asian,
the remainder included white, south Asian (Indian), and
Maorl/Pasifica ). Inchusion criteria were (1) 10-13 years of age,
(i1) no previous spectacle or contact lens wear, (ii) both eyes
having subjectively determined best sphere mefractions
between = 100 D to —3.00 D with agigmatism < =100 DC
and initial anisometopla < 100 D, (iv) bath eyes cormectable
to 66 Snellen acuity, and (v) no hinecular vision abnormality
or ecular pathelogy. Stercopsis was assessed wsing the wirt
crcles of the Sterentest (Steren Optical Ine. Chicago, IL
UsA). Eye dominance was determined wsing a simple
sighting test.'=

Ablreviaions: ACD, arderior chomber degsh; AXL, axidl lengdh,

lons thickness; PALs, progressie addiion lenses; REWL, resticied
masiemum bbelhood; SR, spherical equivolent rerackion; VB, viireous
chamber dagth



Binocular Overminus Spectacles

To evaluate effectiveness of overminus
spectacles to improve distance
intermittent exotropia (IXT) control

386 children with IXT, aged 3 to 10 years
(mean = 6.3 years), +1.00 to -6.00 D

Randomly assigned to

e —2.50 D for 12 months, then -1.25 D
for 3 months or

* Regular spectacle use

JAMA Ophihalmology | Original Investigation

QOverminus Lens Therapy for Children 3 to 10 Years of Age

With Intermittent Exotropia
A Randomized Clinical Trial

AngelaM. Chen, 00, MS: 5 Ayse Erzurum. MO- Danidie | Chandier. MSPH: Amra Hardnoc. MPH:
E. Michalc Malla. Scht: &mi R Bratt MD: Domny W. Sub. MD: Mariyn Wricalla, 00 John W. Ericison, 00:

Azron M. MBor MD: Justin 0. Marsh, MD: Marg | Bodack, 00 Stacy B Martinson. O0: Jonna . Titeltaum, O0:
Michaal E. Gray. MD: Hanran L. Hofort OC: Linglun Kong, MIO: Raymaonad T Kraker. MSPH: Batram Rahman. MD:

Birva K. Shah, (30 Jonahan M. Holmes., BM, BOh Susan A. Coer, 0D, WS-
Tor ha Packalric Eye Disazss Investigator Group

IMPORTAMCE Thisis the first nge-scale mndomized dinical trial evaluating the effectiveness
and safety of overminus spectade thespy for reatment of imtermitbent ssatropia (0T

DEIECTIVE To evakuabe the effectiveness of overminus spectades boimpnove distance [XT
cortral.

DESIGN, SETTING, AND PARTICIPANTS This mandemized dinical trial conducted at 55 dinical
sites betwesn January 2017 and lareary 2019 associated with the Pediatric Eye Discase
Investigatar Group enrolied 385 chiden aged 3 b0 10 years with [XT. 2 mean distance control
score of Jorworse, and a refractive srmor betvesen 100 and -£.00 dicpters (0. Data anakysis
was peformed from February to December 2020,

INTERVEMTIONS Participants were mndomiy assigned to cverminus spectade therapy
§-2.50 ID'fior 12 months, then —1.25 [ fior 3 months, followed by noncverminus spectades for
I morthe] o tomonovermines spectace use.

MAIN DUTCDMES AND MEASURES Primary and secondany outcomes were the mean distance:
[T comtrol scores of particdipants examined after 12 monthe of treatment (primany cutoome)
and at 18 marthe (3 monthe after treatment ended) ascesoed by anexamines maded o
reatment group. Change in refractive esmor from baseline io/12 months was compared
betwesn grougs. Analyses were performed wsing the intemtion-to-treat. popedation.
RESULTS The mean (50} age of 196 participants randomized toovermines thesapy and

B0 participants mndormized to nonoverminus tretment was 63 (2.1) years, and 276 (59%)
were fermale. Mean distance control at 12 months was better in participants treated with
cwerminus spectades than with nonavermines spectades (LB vs 2.8 points: adisted
difference, -0.8; 95% 1, 1040 —0.5; P < D0TL A 1B months, there was litte orno
difference in mean distance control betwesn cvsminus and nonovesminus groups (24 v
27 paints: adfjusted difference, ~0.2%; 95% C1, 0.5 to 0.04: P - 08). Myopicshift from
bassline to. 12 morths was greates in the overmins thar the nonovermines group (-042 D
s —0.04 [t adpuested diffesence, -0.37 D 55% 0L 040 to-0.2610: P < 00T, with 33 of

T8 children (17} in the owerminus group vs 2 of 165 (196) inthe nonovermines group
herving;a s#uft higher than 1.00 DL

COMCLUSHINS AND RELEVANCE Children 3 o 10 years of age had improved distance
exotropia control when Esessed wearing overmines spectachs after 12 montis of overminus
tregtment; however, this treatment was Esocisted with increzsed mycpic shift. The
beneficial effect of overminus lens therapy on distanos exotropia control was not mainkained
after trestment was tapersd off for 3 monthes and children were examined 3 monthes biter

TRiAL REGETRATION ChnicalTriaks gow ldentifier: NCTO2ED7350
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Binocular Overminus Spectacles

 Distance IXT control at 12 months was
better with overminus spectacles

At 18 months, little or no difference

JAMA Ophithalmology | Original investigation

QOverminus Lens Therapy for Children 3 to 10 Years of Age
With Intermittent Exotropia

A Randomized Clinical Trial
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score of Jorworse, and a refractive srmor betvesen 100 and -£.00 dicpters (0. Data anakysis
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I morthe] o tomonovermines spectace use.
MAIN DUTCOMES AND MEASURES Primary and secondany outcomes were the mean distance
[T comtrol scores of particdipants examined after 12 monthe of treatment (primany cutoome)
and at 18 marthe (3 monthe after treatment ended) ascesoed by anexamines maded o
reatment group. Change in refractive esmor from baseline io/12 months was compared
betwesn grougs. Analyses were performed wsing the intemtion-to-treat. popedation.
RESULTS The mean (50} age of 196 participants randomized toovermines thesapy and
B0 participants mndormized to nonoverminus tretment was 63 (2.1) years, and 276 (59%)
were fermale. Mean distance control at 12 months was better in participants treated with
cwerminus spectades than with nonavermines spectades (LB vs 2.8 points: adisted
difference, -0.8; 95% 1, 1040 —0.5; P < D0TL A 1B months, there was litte orno
difference in mean distance control betwesn cvsminus and nonovesminus groups (24 v
27 paints: adfjusted difference, ~0.2%; 95% C1, 0.5 to 0.04: P - 08). Myopicshift from
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T8 children (17} in the owerminus group vs 2 of 165 (196) inthe nonovermines group
herving;a s#uft higher than 1.00 DL
COMCLUSHINS AND RELEVANCE Children 3 o 10 years of age had improved distance
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Binocular Overminus Spectacles

* Myopic shift greater in overminus than

nonoverminus group:
-0.42D vs -0.04 D

« 33 of 189 children (17%) in overminus
group vs 2 of 169 (1%) in nonoverminus
group had myopic shift > 1.00 D

JAMA Ophithalmology | Original investigation

QOverminus Lens Therapy for Children 3 to 10 Years of Age

With Intermittent Exotropia

A Randomized Clinical Trial
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IMPORTAMCE Thisis the first nge-scale mndomized dinical trial evaluating the effectiveness
and safety of overminus spectade thespy for reatment of imtermitbent ssatropia (0T

DEIECTIVE To evakuabe the effectiveness of overminus spectades boimpnove distance [XT
cortral.

DESIGN, SETTING, AND PARTICIPANTS This mandemized dinical trial conducted at 55 dinical
sites betwesn January 2017 and lareary 2019 associated with the Pediatric Eye Discase
Investigatar Group enrolied 385 chiden aged 3 b0 10 years with [XT. 2 mean distance control
score of Jorworse, and a refractive srmor betvesen 100 and -£.00 dicpters (0. Data anakysis
was peformed from February to December 2020,

INTERVEMTIONS Participants were mndomiy assigned to cverminus spectade therapy

§-2.50 D'for 12 months, then —1.25 O for 3 months, fallowed by nonovwerminus spectades for

I morthe] o tomonovermines spectace use.

MAIN DUTCDMES AND MEASURES Primary and secondany outcomes were the mean distance:

[T comtrol scores of particdipants examined after 12 monthe of treatment (primany cutoome)

and at 18 marthe (3 monthe after treatment ended) ascesoed by anexamines maded o

reatment group. Change in refractive esmor from baseline io/12 months was compared

betwesn grougs. Analyses were performed wsing the intemtion-to-treat. popedation.

RESULTS The mean (50} age of 196 participants randomized toovermines thesapy and

B0 participants mndormized to nonoverminus tretment was 63 (2.1) years, and 276 (59%)

were fermale. Mean distance control at 12 months was better in participants treated with

owerminus spectades than with nonovermins spectades (LB vs 1.8 points: aduested

difference, -0.8; 95% 1, 1040 —0.5; P < D0TL A 1B months, there was litte orno

difference in mean distance control betwesn cvsminus and nonovesminus groups (24 v

27 paints: adfjusted difference, ~0.2%; 95% C1, 0.5 to 0.04: P - 08). Myopicshift from

bassline to. 12 morths was greates in the overmins thar the nonovermines group (-042 D

s —0.04 [t adpuested diffesence, -0.37 D 55% 0L 040 to-0.2610: P < 00T, with 33 of

T8 children (17} in the owerminus group vs 2 of 165 (196) inthe nonovermines group

herving;a s#uft higher than 1.00 DL

COMCLUSHINS AND RELEVANCE Children 3 o 10 years of age had improved distance

exotropia control when Esessed wearing overmines spectachs after 12 montis of overminus

tregtment; however, this treatment was Esocisted with increzsed mycpic shift. The

beneficial affect of ovemrinus lere therany on distanoe sxotropi comrol was ot maintined e e

after trestment was tapersd off for 3 monthes and children were examined 3 monthes biter “m‘u:;:“n“d“‘
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Overminus Spectacles in Myopic Children

* |n intervention group with myopia
* Mean progression =-1.07 £0.76 D
* 51% showed more than 1.0 D

“first randomized clinical trial of the
lens paradigm, where rearing
nonmyopic animals with negatively-
powered lenses leads to myopia”

Letters

COMMENT & RESPONSE

Broader Implications of Overminus Lens Therapy

in Relation to Myopia Management

To the Editor Chen and colleagues’ article! on overminus lens
therapy for intermittent exotropia (IXT) raises many ques-
tions regarding this condition but has implications for the man-
agement of childhood myopia. To our knowledge, this study
is also the first randomized clinical trial of the so-called lens-
paradigm, where rearing nonmyopic animals with negatively
powered lenses leads to myopia.®

This study appears to have 2 clear clinical implications: (1)
inadvertently overminusing children who have myopia due to
noncycloplegicrefraction may increase myopic progression and
(2) that overminus therapy is unjustified for IXT, especially in
children with myopia. In the intervention group, 51% showed
more than -1.0 diopter (D) of progression compared with only
2% of the control group. A recent article reported an addi-
tional -1 D of myopia carries an increased risk of 57%, 20%, 21%,
and 30% of myopic maculopathy, open-angle glaucoma, pos-
terior subcapsular cataract, and retinal detachment, respec-
tively, and potentially an additional year of visual impair-
ment in later life.* Thus, the transient improvements in IXT
control are far outweighed by the potential risks associated with
increased myopic progression.

Thetrial also raises several questions. The mean age of par-
ticipants was 6.3 years, yet 87 of 358 participants (24%) had
myopia. This is a far higher proportion of children with myo-
pia than expected in the general US population at this age,* in-
dicating that this was an intrinsically unusual group of chil-
dren from a refractive, as well as oculomotor, perspective. The
controls also showed an unusually small rate of progression
(-0.16 D/y). Does this suggest that impaired binocularity from
IXT reduces myopic progression? Animal studies suggest this
may be a possibility. Monkeys that failed to show compensa-
tory eye growth to imposed anisometropia were found to have
developed amblyopia in the noncompensated eye.® Al-
though trial participants did not have amblyopia by conven-
tional criteria (interocular difference of distance visual acu-
ity less than or equal to 0.2 logMAR or approximately 2 lines
on astandardized chart), some of the marked difference in my-

opic progression between the overminus and control groups
may be attributable to improved binocularity in the interven-
tion group. This question would appear to merit further clini-
cal investigation.

In light of these results, we believe that clinicians should
be wary of using overminus therapy in myopic children with
IXT. If such treatment is considered justifiable by the treating
clinician, careful monitoring of refraction and axial length
should be performed to ensure that myopic progression and
axial elongation do not exceed population norms.
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Undercorrection: Two Randomized Trials
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Undercorrection of myopia enhances rather than inhibits
myopia progression

Kahmeng Chung . Norhani Mohidin ®, Daniel J. OLeary ™
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Abstract

The efiect of myopse defocus on myopia progression was assessed in g twe-year prospediive study on 94 myopes aged 9-14 years,
randomly allocated to an undercorrected group or a fully corrected control group. The 47 expenmental subjects were blurred by
approximately +0.73 D (blurring VA 1o 6/12), while the contrels were fully corrected. Undercorrection produced more rapid

myopia progression and axial elongaton (ANOVA, F(1,374)

4

p o< 001 Contrary to animal studies, myopic defocus

speeds up myopia development in already myopsc humans, Myopia could be caused by a failure to detect the direction of defocus

rather than by a mechanism exhibiting 2 zero-point error,
i@ 2002 Elsevier Science Lud. All rights reserved.

Keywords: Emmetropization; Refractine ermor, Myopia

1. Introduction

The refractive development of the eye is under the
influence of a feedback mechanism known as emme-
tropization where optical defocus guides the growth of
the eve so that there is no refractive error (Hung
Crawford & Smith, 1995; Schaeffel, Glasser & Howland,
1988; Troilo & Wallman, 1991). This requires that the
visual svstem is able to distinguish between myopic de-
focus {where the optical image is formed in front of the
retina) from hypermetropic defocus (where the image
plane is behind the retina).

When the primate emmetropic eye is deprived of form
vision by degrading the optical image. it becomes my-
opic (Raviola & Weisel, 1977; Wallman & McFadden,
1995) and restoring an undegraded image results in a
growih of the eye towards emmetropia again. A similar
response has been found i most (but not all) species
examined,

Although there i general agreement that growih of
the young human eve is regulated by an emmetropi-
zation mechanism, refractive errors occur in between
20% of the adult population in European populations,

" Corresponding author,
Eama addeess; d.o'leary@ape s uk (D), O'Leary),

and up to 8F4 of the population in some Asian coun-
tries. The reason for ancmaly is not clear, as the
retinal image is defocussed in myopes rather than de-
graded. Possibly the error detection system in these in-
dividuals is flawed, or the eye may be growing towards
an “incorrect” zero (Medina, 1987a,b),

If the emmetropization mechanism is defective in
detecting the sign of defocus, then it is possible that
human myopia B an inappropriale response 1o a signal,
which would better result in a growth response in the
hypermetropic direction. If the mechanism is merely
showing a zeroing error then undercorrecting myopia
should slow down or halt the progression of eve growih.
There is kittle reliable information on the effect of un-
dercorrection in humans. Only one poorly controlled
clinical trial hias been carried oul on myopes (Tokoro &
Kabe, 1965). However where spectacles are not worn for
close work there was no significant effect on myopia pro-
gression (Ong, Grice, Held, Thom & Gwiazda, 1999).

We report here the resulis of a randomised controlled
clinical trial to determine the effects of undercorrection
on the rate of progression of myopia. Our results show
that undercorrection speeds up the rate of myopia pro-
gression in myopic children, which supports the idea
that their emmetropization mechansm is defective in
detecting blur,

D04 2-B5B0 LS - see front matter © 2002 Elsevier Saone Lad All rights reserved.

Pl S0042-698%(02)00258-4

CLINICAL AND

NTAL

OPTOMETRY

| ORIGINAL PAPER |

The possible effect of undercorrection on myopic
progression in children

Clin Exp Optom 2006; 8

i

el Adler® BOptom
chel Millodot" O PRI
* Depart

et of Optometry, Hadasah
College of Technalogy, Jemsalem, Tsrael

*Schos] of Oprometry and Vision

diff, UK
E-mail: mallodot@btiniermet.oom

Seiences, Cardiff Universiry, (G

Submitted: 29 August A5
Revised: 0 February 2006
Accepred for publicaton: 2 March 2006

DROE LT L -00EE, NN G5, x

Background: Undercorrection has recentdy been found o enhance the mate of progres-
f myopia. This result was thought o be cont
on andnal stsdies, s well as the resulis |

il as it conirasted with expec

o wearing progressive addition
effect of und

mine the FETEECTInNn

of the present study was i again den
o the progression of mvogia in a random popailation of Children who ase kiown 1o be
wery susceptible o mvopia

Methods: A cohori of 48 myopic children, aged six (0l5 years was randomby asagned 1o
Ihe
e study extended

either a hilly cormected group (o b or b oan undercomected group (n
saibjects 0. The prospe
ower a period of 18 months. Opeom wis were carmied out at the beginning

of the study, then at six-month, 12momb and [Emonth follow-up.

the laner group were bl

TiC EXamina

Results Undercorrection produced a slighe bue not smristically significant increase in

miyopic progresson over the 18-month period equal w0017 Dy, compared o full correc-
thons, A similar wrend fowards an increase in progression was noted in fenabes and in
children with near esophoria

Condusion: This study supports the svidence that undercorrection does not represent
an effective therapy o slow the rate of early-onset myopic progression, regardless of near
heterophe

Rey words: myopia, myopic progression, retinal defocus, under commection

Oince myopda appears in children, it tends
e progress up e tie e wenage years.'
Thass, there have been nune
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at finding therapies that conld reduce the
iduals
susceptible to environmental factors, as

n those

rate of progression

apposed 10 those in whom the progression
is programmed genetically, These thera-
peutic methods are reviewed elsewhere®
OUne of the vanous methods proposed
comsists of prescribing single vision lenses
with an undercorrection. The rationake
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for this procedure is that it reduces the  animal  experiments are  camied oot
sccommodative response for pear vision,  monocul thus  avoiding  banocular

Mower

t has been esablished in ani-  interaction

mal studies that a mvopic defocus (when
the

tineal image is formed in front of the
retina) halts ocular elongation and s con.
sequent myopic progression in chicks,

wree shrews,” marmosers’ and infang man-

keys” However, excrapolating from animal
experiments, in which myogda is induced,
existing mvopis demands

LEY, ren wi

great cautson, especially as many of thess

Mevertheless, it i surprsing that so hide
pesearch has been devoted o undercor-
rection as & possible method of showing
the progression of myopia. One chincal
stuely was carried our by Tokoro and
Kahe ® whoe found a significantdy smaller
rate of myopic progression with undercon

rection than with full correction over a

threeyear perimd. That study  sulfered
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Undercorrection: Two Randomized Trials
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Fig. 1. Mean changes (vertical bars show +1 SEM) 1n refractive error 42 4
for the undercorrected group (filled symbols) and the fully corrected
group (open symbols) over the two-year perniod of the study. There Figure 1. Mean changes in myopia for the fully-
were 47 subjects in each group. The undercorrected group showed a corrected group (open triangles) and the under-
greater rate of progression as compared to the fully corrected group corrected group (filled diamonds) over the 18-month

(univariate ANOVA, F(1,374) = 14.32, p = 0.001). period of the study. The vertical bars show £1 SEM.



How Applicable are Animal Myopia Models”?

3. Studies in chicken using spectacle lenses to
create dioptric blur involve choroidal thickness
modulation that has no human analog

Virion Res. Vol, 35, No. 9, pp. | 2831288, 1995
‘Copyright 1995 Elsevier Science Lid
Pringed in Great Britain. All rights reserved
D042-658995 §9.50 + 0,00
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How Applicable are Animal Myopia Models
to Human Juvenile Onset Myopia?

KARLA ZADNIK,* DONALD O. MUTTI*
Recefved I February 1994, in revised form 27 April 1994

0042-6989(94)00234-7

1 igations into the of eye growth and refractive error development have significantly
exp-nded our knowledge of animal models of myopia in the last 15 yr. The applicability of this

i isnsyer but hopefully this mllbemﬁlllnlenmngmore:bnur
human myopia. This paper presents a critical review of the animal myopia literature as those data
relate to the human condition. Differences between the chicken, tree shrew, nd primate ulmal models
of myopia are outlined, and the various used to i g ive error
development and ocular growth in the chicken are compared. Specific arguments against the
application of animal models of myopia to the elinloﬂ of human juvenile onset myopia include the
following: (1) there is no deprivation of form vision in the environment of the school-aged child as
severe as that required to induce myopia in animals; (2) the sensitive period for deprivation myopia
in animals appears to be too early to account for human juvenile onset myopia; and (3} studies in the
chicken using spectacle lenses to create dioptric blur involve a choroidal thickness modulation that
has no human analog. Ultimately, the results of investigations into the cellular and biochemical

modulation of eye growth in animals may be the most relevant to human myopia.

Myopia Deprivation Animal myopia Emmetropization Juvenile onset myopia Heredity

Environment

Various aspects of human myopia have been studied
for at least 80 yr (Steiger, 1913; Working Group on
Myopia Prevalence and Progression, 1989). That re-
search has produced evidence for a genetic-based etiol-
ogy of myopia as well as for an environmental-based
theory of myopia centered on accommodation and near
work (McBrien & Barnes, 1989). It is as yet unknown
what relative roles these “nature™ and “nurture” com-
ponents play in the onset and prugression of human
myopia, and there are many limitations in atlemplmg 1o

Morton, 1989), and (3) non-human primates, with dis-
ruption of normal visual input resulting in moderate
axial growth and moderate myopia in some studies
(Raviola & Wiesel, 1985; Tigges, Tigges, Fernandes,
Eggers & Gammon, 199%0; Wiesel & Raviola, 1977,
1979).

Troilo and Wallman (1991) have recently drawn
parallels between three lines of evidence from animal
experimentation, relating the plasticity of refraction and
the infl of the i in animals to an

discern their relative roles through epid 1 and
clinical research, The fortuitous discovery that abnormal
axial length elongation occurs in certain animal species
during visual deprivation is largely responsible for the
resurgence of research interest in myopia as experimen-
tal manipulation became possible in the study of the
etiology of myopia (Wallman, Turkel & Trachiman,
1978; Wiesel & Raviola, 1977). The three species most
often studied are: (1) the chicken, with visual deprivation
resulting in marked elongation of the globe (Wallman
& Adams, 1987), even when applied regionally
(Wallman, Gottlieb, Rajaram & Fugate-Wentzek, 1987),
(2) the tree shrew, with visual deprivation resulting
in marked globe elongation and resultant myopia
(McKanna & Casagrande, 1978; Marsh-Tootle &

*School of Optometry, University of California at Berkeley, Berkeley.
CA 94720, U5A.

envir | etiology for human myopia: (1) refraction
can be tuned to partially compensate for the defocus
induced by spectacle lenses (Irving, Sivak & Callender,
1992; Schaeffel, Glasser & Howland, 1988; Schaeffel &
Howland, 1991; Schaeffel, Troilo, Wallman & Howland,
1990; Wallman, Xu, Wildsoet, Krebs, Gottlieh, Marran
& Nickla, 1992); (2) a physically near environment
produces myopia and is presumed to be analogous
to prolonged near work in humans (Miles & Wallman,
1990; Young, 1961); and (3) form deprivation pro-
duces myopia both in animal species (McKanna &
Casagrande, 1978; Raviola & Wiesel, 1985; Wallman
et al., 1978) and in humans (Gee & Tabbara, 1988;
Miller-Meeks, Bennett & Keech 1989; Rabin, Van
Sluyters & Malach, 1981; Robb, 1977, von Noorden &
Lewis, 1987).

Given the vast array of information on experimental
myopia available from the animal models, especially the

1283



Choroidal Changes in Chickens

« Chick eye able to change refractive state by
up to 7 D changes in choroidal thickness

* Eyes recovering from form-deprivation
myopia show choroidal thickening

al, 35, Now I, pp. 37-50, 1995
i 1 1994 Elsevier Science Lid
Al rights reserved
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Moving the Retina: Choroidal Modulation of
Refractive State

JOSH WALLMAN.* CHRISTINE WILDSOET,t AIMING XU,{ MICHAEL D. GOTTLIEB.*
DEBORA L. NICKLA* LYNN MARRAN§ WOLF KREBS," ANNE METTE CHRISTENSEN
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The chick eye is able to change its refractive state by as much as 7D by pushing the retina forward
or pulling it back; this is effected by changes in the thickness of the choroid, the vascular tissue behind
the retina and pigment :pumllum Chick eyes first made myopic by wearing diffusers and then
permitted unrestricted vision developed choroids several times thicker than normal within days, thereby

ding recovery from deprivation myopia. Choroidal expansion does not occur when visual cues are
reduced by dim illumination during the period of uarestricted vision. Furthermore, in chick eyes
presented with myopic or hyperopic defocus by means of spectacle lenses, the choroid expands or thins,
respectively, in compensation for the specific defocus imposed. Consequently, when the lenses are
remaoved, the eye finds jts refractive error suddenly of opposite sign, and the choroidal thickness again
compensates by changing in the opposite direction. 1f a local region of the eye is made mvupqc by a
partial diffuser and then given nnresmﬂed vision, the choroid expands only in the myopic region.
Although the mech of ion is unk it might involve either a increased routing
of aqueous humor into the leral outflow or d water into the
choroid. The latter is compatible with the increased choroidal pmteogl)‘r.:n synthesis either when eyes

wear positive lenses or after diffuser removal.

Accommodanion  Chicken  Choroid  Myopia  Refractive error

INTRODUCTION

Like most other optical devices, eyes are generally
thought to focus by lens adjustments that optically move
the image plane. During ocular accommodation, most
vertebrates move the image plane by rapidly adjusting
the optical power of the eye, for example by increasing
the curvature of the lens for near objects. Variants of this
mechanism are found in fish, which displace the lens, and
in birds, which alter the curvature of the cornea as well
as the lens (Sivak, 1980; Schaeffel & Howland, 1987,
Troilo & Wallman, 1987). A second, slower, way that
vertebrates bring images into focus on the retina is by
adjusting the growth of the eye as a whole so that its
length becomes appropriate for the resting optical power
of the eye (emmetropization) (Van Alphen, 1961, 1986;

Schaeffel & Howland, 1988a; Troilo & Wallman. 1991)
The strongest evidence for this emmetropization process
is that, in the chick, the eye grows in compensation for
defocus produced by spectacle lenses (Schaeflel, Glasser
& Howland, 1988; Irving, Sivak & Callender, 1992). In
this paper, we present evidence for 4 third focusing
mechanism—intermediate in speed-—in which the retina
is moved forward and back by changes in the thickness
of the choroid.

The choroid in chickens, as in other vertebrates,
consists of two parts: the choriocapillaris, a network of
fenestrated capillaries just behind the retinal pigment
epithelium, and the main portion of the choroid, which
contains numerous larger blood vessels, and, at least
in birds, large lacunae. These structures are supported
by an intervascular suspensory system comprised of

*Depariment of Biology. allege, City University of New York,
New York. NY 10031, US,A. | Email wallman i sci.ceny.cuny.cdu)

tSchoal of Optometry, Queenstand University of Technology.
Brishane, Queensland 4001, Australia

$Present address: Center for Advanced Biomedical Research, Boston
University Medical School, Boston, MA 02118, US.A.

§Present address: Schoal of Optometry. University of Calfornia at
Berkeley, Be 3

«Present address: Sea Wolf Diving School, PO, Box 289, Monserrat,
West Indics

IPresent address: Department of Pediatrics, Tufts New England

Medical Center. Boston, Mass.. U S.A.

extr matrix. smooth muscle fibers, fibroblasts
and pigmented cells (Meriney & Pilar, 1987). The
choroid supplies the outer retina with oxygen and nutri-
ents and also functions as a heat sink (Bill. 1985). 1t is
under the control of the autonomic nervous system,
and is innervated from many divergent  sources,

luding the ocul trigeminal and facial nerves,
as well as the ciliary, superior cervical and pterygo-
palatine ganglia (Bill, 1985), In addition, a plethora of
putative transmitters have been localized to these

terminals, including acetylcholine, VIP. substance P



Choroidal Changes in Chickens

(a) 100 +72D
3
* |In chick eyes presented with myopic or %
hyperopic defocus, choroid expands or %
thins to compensate for imposed defocus g
2 ..
* After lenses removed, choroidal thickness Tas s roma T T
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Short-Term Choroidal Changes in Humans

* 28 young adults
(14 myopes, 14 emmetropes

* Ocular biometry measured before and
after 60-minutes of monocular defocus

control (no defocus),

myopic (+3 D defocus),

hyperopic (-3 D defocus), and

diffuse defocus (0.2 Bangerter filter)

* Fellow eye optimally corrected

Clinical and Epidemiologic Research

Human Optical Axial Length and Defocus

Scott A. Read, Michael J. Collins, and Beata P. Sander

Purrose. To investigate the short-term influence of imposed
monocular defocus on human optical axial length (the distance
from or corme to retinal pigment epithelium) and ocular
biometrics.

Memnons. Twenty-cight young adult subjects (14 myopes, 14
emmetropes) had eve biometrics measured before and 30 and
G0 minutes after posure to monocular (right eye) defocus
Four different monocular defocus conditions were lested, each
O @ S e day: control (no defocus), myopic (+3 1 defo-
cus)y, hyvperopic (=3 D defocus), and diffuse (0.2 density
Bangerter filter) defocus. The fellow eye was optimally cor.
rected (no defocus)

Resuirs, Imposed defocus caused small bug ificant changes
axial length OF < 0U00T). A S Nt increase in
length (mean change, +85 14 pm; P = 0.03)
occurred after hyperopic defocus, and a significant reduction
in optical length (mean change, —13 * 14 pm: F =
00001 was found after myopic defocus. A small incre i
optical axial length was observed after diffuse defocus (mes
change, +6 * 13 pm; P = 0.053). Choroidal thickne
exhibited some signifi nges with certain defocus con
ditions. No significant difference was found between myopes
and emmetropes in the changes in optical axial length or
choroidal thickness with defocus,

also

Coxcuvsions, Significant changes in oplic ial length oc-
curred in human subjects after 60 minutes of monocular
he bidirectional optical ax length changes ob-
ponse to defocus implied the human visual
system is able of detecting t
defocus and altering optica 1l length to move the retina
toward the e plane. (fnvest Opbtbalmol Vis Scf, 2010;
51:6262-6269) DOLIC 67 fiovs. 10-5457

defocus,
served in e

t is now generally

epted that the quality of the retinal
I eve growth, A number of different
pplied on a range of different spe-
iltering reti i quality can lead
ble changes in eve growth (for re
views, see Refs. 1-3). Disrupting fi ision through the use of
lid suture® and translucent goggles/diffusers™ or manipulat
ing the contrast of the v ronment” has been shown to
lead 1o axial elongation and myopia development, proportional

o consistent and pres
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presence and sign of

to the degree of image disruption,” ™ that recovers once nor.
mal vision is returned.” Furthermore, defocus of the retinal
image in both chick and primate animal models, through pos-
e (myopic defocus) or negative lenses (hy peropic defocus),
is known to lead to predictable (both direction and magnitude
of eve growth) changes in eye growth consistent with the
growing to compensate for the imposed defocus ® '
Changes in eve length associated with defoc re modu-
lated by changes in both scleral growth and choroddal thick
ness, the net effect of which results
movement of the retina toward the

=

1 anterior or a posterion
mage plane.'* ' Myopic
defocus, therefore, leads to a thickening of the choroid and to
a decreased scleral growth rate (which results in anterior
movement of the retina), and hyperopic defocus leads woa
thinning of the choroid and an increase in scleral growth rate
(which resulis in posterior movement of the o . Choroidal
thickness changes in response o imposed defocus have been
observed in both avian"*'* and primate animal '™ "™ models and
have been demonstrated w ocour rpidly and o precede scleral-
mediated changes in eyve investigating the
e course of choroidal thic =5 changes in response o
defocus have illustrated that these cha n ocour remark:
ahly with only mi =5 of exposure to defocus re-
1 TCSPONSE,
The majority of work that has contributed to the current
understanding of the influence of retinal image quality on eye
growth has involved arch with s al moddels. Although
similar ocular responses to imposed defocus have been dem
onstrated in a number of different species, there has been
iting the influence of defo-
zth in human subjects. There is some evidence,
though, that supports the notion that retinal image quality can
influence eve length in humans. A variety of different ocular
conditions that lead to a disruption in form vision
ptosis,**** congenital act,*™** corneal opacity,*
ous hemorrhage, ™ and other ocular disease:
found to be associated with abnormal eye growth in yvoung
humans, which su d
inal image quality may influence
However, the uence of more subtle retinal i
th in humans remains to be determined
nt introduction of highly precise, non-
uring eye dimensions has led w the
an lead to short-term chany
referred 1o as axial length (the
il distance from the anterior cormea to the retinal pigment
epithelium) of human subjects. Changes in accommoda-
tion*'** and 10P**** have both been found to be associated
with short-term changes in axial length, Furthermore, small but
significant diurnal variations have also been noted to oocur in
human axial length**=*7 that may be mediated by changes in
choroidal thickness.* Although the use of these highly precise
methods of uring length has led o improved
understanding of 2 number of short-term factors that can influ
ence eve length in humans, no previous study has investigated
the influence of defocus on axial length in human eyves. In t
study we aimed to examine whether imposing defocus on

:. Recent studie:
n

o

Investigative Ophthalmology & Visual Science, December 2010, Vol 51, No. 12
Copyright © Assoclation for Research n Vision and Ophthalmology



Short-Term Axial Length Changes in Humans

» Myopic defocus (+ lens) induced
—13 ym decrease in axial length

* Hyperopic defocus (— lens) induced
+8 um increase in axial length

 Diffuse defocus induced borderline
+6 um increase in axial length
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Short-Term Choroidal Changes in Humans

TaBie 1. Change in Ocular Biometrics from Baseline after 30 and 60 Minutes of Exposure to Defocus

Change from Baseline (um) Mean *= SD

3D AD
Control Myopic Hyperopic Diffuse
(no defocus) Defocus Defocus Defocus
Axial length (n = 28)
30 min -2+ 11 —9 *= 107 5= 10° 5+ 14
60 min 0*+12 [—l:’)ilfi* 8 + 14* b+ 13
Retinal thickness (n = 24)
30 min 0D*5 —1 x5 —1*+4 —1*4
60 min —1*7 —2*5 —1*4 —2+4
Choroidal thickness (n = 23)
30 min 2*15 + 13 —8 + 16 1 £11
60 min 5+ 15 [ 12 = 16% —3+ 14 —6*+12




Choroidal Changes with Myopia Control

28 myopic children, 7 to 11 years

Fit with orthokeratology lenses

1 month of wear

Biometry measured weekly

translational vision science & technology
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Article

Weekly Changes in Axial Length and Choroidal Thickness in
Children During and Following Orthokeratology Treatment
With Different Compression Factors
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changes in axial length and chorai-
dal thickness in children during and
following orthokeratology treat-
ment with different ¢

Purpose: To determine the influence of compression factor upon changes in axial
length and choroidal thickness during and following orthokemtology treatment.

Methods: Orthokeratology lenses of different compression factors (one eye with 075
D and the fellow eye with 1.75 D) were randomly assigned to 2B subjects [median
[range] age: 93 [7.8-11.0] years). Ocular biometrics were measured weskly for 1
month of lens wear and after lens cessation until the refraction stabilized (mean
duration: 28 = 04 weeks). Changes between eyes, and the associations between
axal shortening and chomidal thickening with other acular biometrics were analyzed.

Results: There were no significant between-eye differences in the changes of oalar
biometrics (all P = 0.05). After adjusting for paired-eye data, axial length initially
decreased by 26 + 41 pm (P = 0.03) at week 1, then gradually returned toits orginal
length. An approximate antiphase relationship of choreidal thickness (mean change: 9
=+ 12 pm, F << 0001) with axial length was observed. A signifiant rebound in axial
length, but not choroidal thickness, occumed during the cessation period. Central
carneal thinning and chomidal thickening accounted for 70% of initial axial
shortening.

Conclusi Increasing the compression factor by 1.00 D did not affect changes in

factors. Trans Vis Sci Tach. W0198(4)
9, hitps2//doi.org/ 10.1167 Awst84.9
Copyright 2019 The Authors

ocular biometrics in short-term orthokeratology. Signifiant axial shorttening and
choroidal thickening wene observed during early treatment period. Axial shortening
could not be entirely explained by central comeal thinning and choroidal thickening,
which warmrants further investigation.

Translational Relevance: Initial axial shortening in orthokeratology is transient and
therefore axial length remains useful for long-term monitoring of axal elongation in
children.

(et of myopia will substantially increase the economic
ntroduction burden for health care systems.” Therefore, significant

Myopia is a major cause of vision impairment and
its prevalence is estimated to double to almost 5
billion people by 2050." Its progression is associated
with axial elongation, which is characterized by
stretching of the sclera.” Higher risks of cataract,
glancoma, macular, and chorio-retinal complications,
particularly in high myopia (=6 D), have also been
reported.” Both the direct and indirect costs associ-
ated with the diagnosis, treatment, and management

research has been undertaken examining different
pharmacological and optical interventions” to slow
myopia progression and to address the associated
ocular complications.

Orthokeratology, one of the most effective and
popular treatments for myopia control” " utilizes
overnight reverse peometry rigid gas permeable
contact lenses that flatten the central comea and
steepen the mid-peripheral cornea.® When fitting an
orthokeratology lens, a compression factor (also

TVST | 2019 | Vol 8 | No. 4| Adicle 9



Choroidal Changes with Myopia Control

* Axial length decreased
by 26 um at week 1

« Choroidal thickness
iIncreased by 9 um
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Inconsistencies

...among animal models ...with human school-age myopia
* Influence of constant light * Plus lenses don’t prevent/slow
» Spectral composition of * Temporal integration and
ambient lighting periods of distance/clear vision

* Anterior segment involvement * Effect of caffeine

* Influence of dual-focus lenses
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Caffeine Eye Drops

Experimental Eye Research 203 (2021) 108438

Contents lists available at ScienceDirect

4 rhesus monkeys

Experimental Eye Research

journal homepage: w

4% caffeine solution .

Gkt

Topically instilled caffeine selectively alters emmetropizing responses in e
infant rhesus monkeys

sw.elsevier.com/flocatelyexer

Earl L. Smith III*®", Li-Fang Hung >, Zhihui She *, Krista Beach *, Lisa A. Ostrin*,

nstilled in both eyes twice/day

* College of Optomery, University of Houston, Houston, TX, United Stares
® Brien Holden Vision Institute, Sydney, Australia
¢ Discipline of Optomerry and Vision Science, University of Canberra, Canberra, Australia

ARTICLE INFO ABSTRACT
ro I I I O a y S O a g e Keywords Oral administration of the adenosine receptor (ADOR) antagonist, 7-methylxanthine (7-MX), reduees both form-

Myopia and 1 tuced myopia in liam animal models. We investigated whether topically instilled
Hyperopia caffeine, another non-selective ADOR ist, retards vision-induced axial elongation in monkeys. Beginni
Emmetropizacion at 24 daye of age, a 1.4% caffeine solution was instilled in both eyes of 14 rhesus monkeys twice each day until
Catieine < receptor: the age of 135 days. Concurrent with the caffcine regimen, the monkeys were fitted with helmets that held cither
xial length —3 D (-3D/pl caficine, n— ) or +3 D spectacle lenses (+3D/pl caficine, n — 6) in front of their lens-treated cyes
and zero-powered lenses in front of their fellow-control cyes. Refractive errors and ocular dimensions were
measured at bascline and periodi the 1 period. Control data were obtained from 8
vehicle-treated animals sloo reared with menocular —3 D spectacles (-3D/pl vehicle). In addition, historical
comparicon data were available for otherwise untreated lens-reared controls (-3D/pl controls, n = 20; +3D/pl
controls, n = ©) and 41 normal monkeye. The vehicle controls and the untreated lens-reared controls consistently
developed compensating axial anisometropias (-3D/pl vehicle = —1.44 = 1.04 D; -3D/pl controls = —1.85 +
1.20 D; +3D/pl controls = +1.92 + 0.56 D). The caffeine regime did not i with i
in response to +3 D of anisomctropia (+1.93 + 0.82 D), however, it reduced the likelihood that animals would
compensate for —3 D of anisometropia (+0.58 + 1.82 D). The caffeine regimen also promoted hyperopie chifts in
both the lens-treated and fellow-contral cyes; 26 of the 26 caffeine-treated eyes b yperopic than the
median normal monkey (mean (£5D) relative hyperopia = +2.27 & 1.65 D; range = +0.31 to +6.37 D). The
cffccts of topical caffcine on refractive , which were ively similar to those produesd by oral
administration of 7-MX, indicate that ADOR antagonizts have potential in treatment strategics for preventing
and/or reducing myopia progression.

Concurrently, wore either —3 D or
+3 D spectacle lenses monocular

1. Introduction or eliminate refractive errors (see Troilo et al. 2019 (T:
for a recent review). It is likely that behavioral and environmental fac-

Ocular growth and emmetropization are regulated by visual feed-
back associated with the eye’s refractive state. The vision-dependent
cascade that regulates ocular growth and emmetropization begins in
the retina where the sign of optical defocus is encoded (i.e., the direction
of growth required to eliminate an existing refractive error). Direction
specific signals are communicated from the neural retina through the
retinal pigment epithelium (RPE), to the choroid, and finally to the
sclera, where alterations in the biochemistry and tissue biomechanies
produce changes in the eye’s axial elongation rate that normally reduce

tors that influence the operation of this cascade are responsible for
common refractive errors, such as myopia, in children.

Although there are still many gaps in our knowledge concerning the
constituent components and the operating characteristics of this vision-
dependent cascade, multiple potential cellular, biochemical, and mo-
lecular components have been identified in each of the major ocular
structures involved in the cascade (Troilo et al., 2019). Identfying and
understanding the role of cascade components is valuable because it
may be possible to design treatment regimens that control and/er

* Corresponding author. University of Houston, College of Optometry, 4901 Calhoun Road, 505 J Armistead Building, Houston, TX, 77204-2020, Australia

E-mail address: <
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Caffeine Eye Drops

A. Vehicle -3D/pl B. Caffeine -3D/pl

ESY
£

N
ro

o
I

Change in Refraction (D)

« -3 Dlensinduced -1.44 D
anisometropia with vehicle 4 ——————
0 50 100 150 0 50 100 150
« -3 D lens induced +0.58 D a il Age (Pays)
anisometropia with caffeine




The Future of Myopia Control?




Myopia Control with Topical Caffeine with/without Atropine

AMyopia  AAxial

* 96 Viethamese myopic children . Control 076D 037 mm
(10.4 £ 2.0 years, —4.1 £ 1.3D) _
« Caffeine —0.70D 0.35 mm
+ Randomized to nightly . Atr. + Caffeine —0.47D  0.23 mmt
o« DO I
2% Catteine, . Atropine ~0.46 D' 0.24 mmt

* 0.02% Atropine + 2% Caffeine, or
* 0.02% Atropine

T significant after adjusting for confounders
« 86 children with myopia

(10 + 2.1 years, -3.3+ 1.4 D) ARVO 2022, Denver, CO, May 1-4, 2022
enrolled concurrently in parallel

group to wear spectacles only

https://iovs.arvojournals.org/article.aspx?articleid=2779135
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