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The effects of brief periods of hyperopic defocus or form
deprivation on eye growth in chicks depend on time of day
Jane Yang, Kelsey Jordan, Kristen Totonelly, Debora L. Nickla.
Bioscience, The New England College of Optometry, Boston, MA.
Purpose: It is generally accepted that nearly continuous exposure to
hyperopic defocus or form deprivation is required to elicit eye growth
stimulation, in contrast to the robust responses to brief periods
of myopic defocus for growth inhibition. We have found that the
efficacy of brief myopic defocus to inhibit growth is dependent on
time of day. Might the responses to brief hyperopic defocus (minus)
or form deprivation (FD) be time-dependent as well?
Methods: Minus: Birds had one eye exposed to hyperopic defocus by
the wearing of -10D lenses for 2 or 6 hrs at one of 3 times of day for
5d: Morning (7 am; n=13; n=6), Mid-day (12pm: n=20; 10am-4pm:
n=8), Evening (7pm: n=12; 2-8pm: n=11). FD: Birds wore a diffuser
over one eye for 2 hrs at one of 3 times of day for 5d: Morning
(n=12); Noon (n=19) or Evening (n=6). Eyes were measured using
high-frequency ultrasound on days 1 and 5. Refractive errors were
measured on d5.
Results: 2 Hrs Minus: The effects of 2 hrs of defocus depended on
time of day of exposure: it stimulated eye growth when exposure was
in the morning and inhibited it at noon (change in vitreous chamber,
X-C; ANOVA p<0.0005; 120 µm vs -77 µm respectively; onesample t-tests: p=0.001; p=0.01; post-hoc test: p=0.002). For noon,
experimental eyes were more hyperopic(X-C: 1.4 D; p<0.0001).
Evening exposures had no effect. 6 Hrs Minus: Similar to 2 hrs
defocus, exposures mid-day inhibited growth and produced hyperopia
(X-C: -167 µm; t-test p=0.005; RE: 1.8 D; p=0.03). Morning and
evening exposures had no effect. 2 Hrs FD: The effects of 2 hrs of
FD were similar to those of both durations of hyperopic defocus in
inhibiting growth for noon exposures, but FD inhibited growth in the
morning as well (X-C: Morning: -78 µm; noon: -83 µm; ttests p=0.04
and p=0.002 respectively). Experimental eyes were more hyperopic
(1.8 D; 1.0 D; p<0.05). Evening exposures had no effect.
Conclusions: Contrary to previous reports, relatively brief periods
of hyperopic defocus can induce growth stimulation, but only if
given early in the day, indicating a diurnal rhythm in response
susceptibility. This suggests that early reading activities might be
a risk factor for myopia development in children. The anomalous
findings of growth inhibition by both hyperopic defocus and FD at
noon might be due to more robust choroidal responses upon removal
of the devices at these times.
Commercial Relationships: Jane Yang, None; Kelsey Jordan,
None; Kristen Totonelly, None; Debora L. Nickla, None
Support: NH Grant EY025307
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Effects of blue-tinted lens defocus on myopia susceptibility in
mice
Ryan G. Strickland1, Erica Landis2, Ranjay Chakraborty3, 4,
Victoria Yang3, P. Michael Iuvone4, 5, Machelle T. Pardue3, 6. 1Emory
University, Atlanta, GA; 2Neuroscience, Emory University, Atlanta,
GA; 3Atlanta Center for Visual and Neurocognitive Rehab, Decatur,
GA; 4Ophthalmology, Emory University School of Medicine, Atlanta,
GA; 5Pharmacology, Emory University School of Medicine, Atlanta,
GA; 6Department of Biomedical Engineering, Georgia Institue of
Technology, Atlanta, GA.
Purpose: The mechanisms underlying refractive development and
myopia remain elusive. One hypothesis is that alterations in color
cues received by the retina through characteristics of longitudinal
chromatic aberration (LCA) may signal eye growth (Rucker, 2013).
The purpose of this work is to investigate how blue-tinted lenses
affect myopic defocus in wild-type mice.
Methods: C57BL/6J mice received a monocular, blue-tinted, -10
diopter (D) lens (X-Cell Specialty Contacts, Duluth, GA) (n=1015) at post-natal day 21 (P21). Age-matched control mice did not
wear a lens (n=10-15). Measurements of refractive error, corneal
curvature, and ocular biometry were taken weekly until P49, using
photorefraction, keratometry, and spectral-domain optical coherence
tomography (SD-OCT), respectively. A two-way repeated ANOVA
was used to determine significant difference between groups across
time. Holm-Sidak post-hoc comparisons were used to make specific
comparisons.
Results: Mice with blue-tinted lens defocus showed significant
myopic shifts compared to their untreated littermates (mean shift in
refractive error ± SEM, goggled-contalateral eye, at P28: -3.0172 ±
0.446; at P35: -4.63 ± 0.420; at P42: -6.7764 ± 1.59, p<0.05). There
were no significant changes in corneal curvature or ocular biometry
in either group.
Conclusions: Blue-tinted lenses likely altered the wavelengths of
light that reached the retina through properties of LCA. Interestingly,
blue-tinted lens defocus produced greater myopic shifts than the
well-characterized form-deprivation response in mice (at P42: -3.426
± 1.382, p<0.05). Future experiments will compare the response to
clear, -10D and blue, plano (0 D) lenses to determine the full extent
of LCA contributions to myopia in mice.
Commercial Relationships: Ryan G. Strickland; Erica Landis,
None; Ranjay Chakraborty, None; Victoria Yang, None; P.
Michael Iuvone, None; Machelle T. Pardue, None
Support: NIH NEI R01 EY016435, R01 EY004864, P30 EY006360,
Research to Prevent Blindness, and Research Career Scientist Award
(MTP) from the Department of Veterans Affairs Rehab R&D Service
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Measurements of Spherical Aberration through Contact Lenses
in an Animal Model of Myopia Development
Rita Nieu, Alexandra Benavente-Perez, Ann Nour, Xiaoying Zhu,
Harrison Feng, Philip B. Kruger, David Troilo. SUNY College of
Optometry, New York, NY.
Purpose: Spherical Aberration (SA) may be a factor in the visual
regulation of eye growth. We measured SA in the eyes of awake
marmosets before, after, and while wearing contact lenses of different
power to determine the effective speherical aberration during
lens wear. We also examined changes in SA with age and induced
refractive errors.
Methods: Spherical aberration (SA) and refractive error were
measured under cyclopegia (1% cyclopentolate) in 11 awake
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marmosets wearing contact lenses for emmetropization studies
(N=8, treated with -5D; N=1 -10D; N=2 +5D) from approximately
7 to 35 weeks of age using the COAS Aberrometer and Nidek
autorefractometer. Axial length (AL) was measured under anesthesia
(alfaxan, 1.5mg/kg, im) using an A-scan ultrasound.
Results: The range of SA measured for all marmosets over all
ages was -0.15 to -0.07 (mean±SD -0.09±0.06µm). SA measures
were repeatable; the mean difference in repeated measures without
lenses was -0.005±0.04µm (95% CI:±0.07µm), through lenses was
-0.008±0.07µm (95% CI:±0.13µm), overall was -0.006±0.05µm
(95% CI:±0.09µm). SA became relatively less negative with age
(R2=0.39, p<0.05), approaching zero as the eye emmetropized (rate of
SA change: 0.09±0.01µm/100d). Contact lenses shifted the effective
SA towards relatively more positive values when measured through
the plano (+0.01±0.04µm), +5D contact lenses (+0.06±0.03µm) and
-10D contact lenses (+0.02±0.10 µm), while the -5D contact lens
induced more negative changes (-0.02±0.04µm). Following extended
lens treatment, the SA in animals that had developed myopia (change
in Rx and AL: -2.06±1.68D, 0.69mm±0.18mm) shifted towards more
negative values (change in SA: -0.05±0.005µm) than animals that
became hyperopic (change in Rx, AL: +1.58±0.45D, 0.44±0.02mm,
change in SA: +0.02±0.02).
Conclusions: SA can be measured in awake marmosets using the
COAS aberrometer in a safe and repeatable manner, including while
wearing contact lenses. Contact lenses of different powers can induce
changes in SA that are measurable and can help us understand the
role of SA in the visual control of eye growth.
Commercial Relationships: Rita Nieu, None;
Alexandra Benavente-Perez, Johnson and Johnson Vision Care,
Inc (F); Ann Nour, Johnson and Johnson Vision Care, Inc (F);
Xiaoying Zhu, None; Harrison Feng, None; Philip B. Kruger,
None; David Troilo, Johnson and Johnson Vision Care, Inc (F)
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Peripheral design of progressive addition lenses and the lag of
accommodation in myopes
Siegfried Wahl1, 2, Tim - Tobias Schilling1, Saulius Varnas3,
Arne Ohlendorf1, 2. 1ZEISS Vision Science Lab, University
Tuebingen, Tuebingen, Germany; 2Carl Zeiss Vision International
GmbH, Tuebingen, Germany; 3Carl Zeiss Vision Australia Pty. Ltd.,
Adelaide, SA, Australia.
Purpose: Insufficient accommodative response, such as the lag of
accommodation (LoA) during near work, is assumed to result in
myopia progression. The aim of the present study, was to test, if the
accommodative response in myopes is different between standard
single vision lens (SVL) and progressive addition lenses (PAL) and
if there exist differences among PALs with the same addition power
having different designs of periphery.
Methods: The influence of spherical SVL and four different designs
of PALs on the accommodative response was investigated for
different near viewing distances (40 cm, 33 cm and 25 cm) in 31
young myopes, aged 18-25 years with a mean spherical equivalent
(SE) refractive error of the dominant eye of –2.81 ± 1.46 D (range
-5.62D to -0.75D). The refractive error of the non-dominant eye
occluded by the infrared-transparent filter was measured using the
Grand Seiko WAM-5500 autorefractor while the corrected, dominant
eye, was viewing targets at close object distances.
Results: While using standard single vision correction for distance
vision, insufficient accommodative responses during near object
viewing at all tested viewing distances were recorded. All tested
PALs with the +1.50 D addition have significantly reduced the lags
of accommodation, and the amount of residual lag was dependent

on the peripheral design of the PAL and the object distance. One test
design with a more negative horizontal mean power gradient in the
lower viewing zone provided consistently the lowest accommodative
lag of all lenses tested and for all viewing distances. That lag being
statistically significantly lower in a one-tailed Mann-Whitney-test
when compared with a standard PAL design that was set as the
benchmark, at the shortest 25 cm object distance. This PAL design
was also able to bring the accommodative lag to a level below the
depth of focus for near working distances down to 33 cm, where it is
no longer perceptible.
Conclusions: This investigation suggests that the designs with the
more negative horizontal mean power gradient in the lower viewing
zone provide a visual stimulus that leads to a lower accommodative
lag, which in some cases may drop to below the threshold of the
depth of focus even for the shorter reading distances habitually used
by children.
Commercial Relationships: Siegfried Wahl, Carl Zeiss
Vision International GmbH (E); Tim - Tobias Schilling, None;
Saulius Varnas, Carl Zeiss Vision Australia Pty. Ltd. (E);
Arne Ohlendorf, Carl Zeiss Vision International GmbH (E)
Program Number: 2737 Poster Board Number: A0441
Presentation Time: 8:30 AM–10:15 AM
Rearing mice in low ambient light as a model to explore the
genetics of myopia
Brenda Tan, Abduqodir Toychiev, David Troilo,
Stewart A. Bloomfield. SUNY College of Optometry, New York, NY.
Purpose: A mouse model of myopia provides an unparalleled
opportunity to explore the genetic basis of eye growth and the
development of myopia. Here we present preliminary evidence that
rearing in low luminance can be used to induce eye growth and
refractive changes in mice.
Methods: Different strains of mice, including control C57BL/6 mice
and Cx36 knockout (KO) and their wild type littermates (CxWT:
mixed 129S1/C37BL/6 background) were tested. Mice were raised
in one of two 12:12 hour luminance conditions: a control condition
of 500 lux or dim ambient light of 20 lux for 12 weeks. All mice
were raised under control conditions for the first 3-5 weeks after
birth. Animals were refracted with an IR videorefraction system (F.
Schaeffel, Germany). Axial length was measured with a small animal
OCT (Bioptigen Invivovue). Measurements were taken at 4-week
intervals. Mice were anesthetized with 2:1 ketamine:xylazine during
the measures.
Results: All mice strains raised under normal 500 lux illumination
showed a significant reduction in hyperopia with a shift toward
myopia over the 12 week period. C57BL/6 mice showed a refractive
change of -11.5 D and an increased axial length of 0.21 mm. CxWT
mice showed a comparable refractive change of -12.8 D and an
increased axial length of 0.20 mm. However, control mice raised in
dim 20 lux illumination showed significantly greater shifts towards
myopia and increases in axial length as compared to measures under
500 lux. C57BL/6 mice raised in 20 lux showed a refractive change
of -19.2 D with an increased axial length of 0.23 mm. CxWT mice
showed a refractive change of -15.1 D coupled with an increased
axial length of 0.23 mm. In preliminary studies we examined
refractive changes in Cx36 KO mice as the gene encoding Cx36 has
been implicated in human myopia (Cheng et al., 2013). Interestingly,
Cx36 KO mice showed only a -1.5 D changes under 500 lux
luminance and only a -5.1 D change under 20 lux, significantly
different from changes seen in control mice.
Conclusions: Low luminance can be used as an effective method for
inducing changes in eye growth and refraction in mice and may serve
as a useful model of myopia to test the genetics of visually regulated
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eye growth and refractive state. Preliminary tests indicate that Cx36,
expressed by neuronal gap junctions in retina, may be important in
the growth response to different light conditions.
Commercial Relationships: Brenda Tan, None;
Abduqodir Toychiev, None; David Troilo, None;
Stewart A. Bloomfield, None
Support: NIH Grants 5T35EY020481 and R01EY007360
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Optical Aberrations of Guinea Pig Eyes
Sarah Kochik, Christine F. Wildsoet, Austin Roorda. Vision Science,
University of California, Berkeley, Berkeley, CA.
Purpose: Guinea pigs are commonly used as models in studies of
emmetropization and myopia, yet the optical quality of their eyes has
received little attention. In this study, we evaluated the normal optical
aberrations in young guinea pigs.
Methods: A custom-built Shack-Hartmann wavefront sensor was
used to measure the optical aberrations of eight adolescent pigmented
guinea pigs (age range 6-11 weeks). Eyes were cyclopleged with
1% cyclopentolate for measurement and were otherwise untreated.
Animals were hand-held while their left eyes were aligned to
acquire aberration measurements. At least five spot pattern images
were acquired for each eye and the best effort was made to measure
aberrations along the optical axis of the eye.
The raw SHWS images often exhibited elongated or a dual spot
patterns consistent with reflections from the inner retinal surface as
well as a deeper retinal layer (presumably the photoreceptors). In the
analysis, care was taken to choose spots originating from the deeper
layer. Analyses were made over a 4mm pupil, which is their typical
pupil diameter under laboratory lighting conditions.
Results: Analysis of the 2nd order terms resulted in a mean spherical
equivalent cycloplegic refractive error of low hyperopia 2.53 ±
1.6D. The RMS value of the high order aberrations for all eyes was
0.54 ± 0.22um over a 4mm pupil size. Excluding one outlier with a
particularly abnormal spot pattern, the average RMS value of the high
order aberrations becomes 0.47 ± 0.07um over a 4mm pupil size.
RMS aberrations decreased with increasing Zernike order.
Conclusions: The refractive error estimate obtained using this
approach is consistent with results with more commonly used
recording techniques, such as retinoscopy. Like humans, the RMS
decreases with increasing order, but the magnitude of the high order
aberrations are about 4-5 times worse than human adults for the same
4mm pupil size.
Commercial Relationships: Sarah Kochik; Christine F. Wildsoet,
None; Austin Roorda, None
Support: NIH/NEI R01 EY012392
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Seasonal light exposure and eye growth variations in young
adults
Sekar Ulaganathan, Scott A. Read, Michael J. Collins,
Stephen Vincent. Optometry and Vision Science, Queensland
University of Technology, Brisbane, QLD, Australia.
Purpose: Seasonal variations in myopia progression/axial elongation
have been documented in studies of pediatric populations, and
seasonal differences in light exposure have been hypothesized to play
a role in these variations. However, the presence of similar changes
in young adults has not been examined. Therefore, in this study,
we examined the daily light exposure and longitudinal axial length
changes in young adult emmetropes and progressing myopes over
two different seasons

Methods: Thirty eight young adults (mean age 22 ± 4 years, 19
progressing myopes, 19 emmetropes), had six-monthly measures
of axial length (AL) collected over a one-year period, in summer
and winter months. Personal ambient light exposure data was also
assessed using wrist worn light sensors that were worn in winter
(May to August) and summer months (November to February), from
which the mean daily (6 am to 6 pm) light exposure was derived. The
influence of season and refractive error on the average daily light
exposure and the six-monthly changes in AL were examined
Results: Linear mixed model analyses revealed a significant effect of
season, refractive error, and a season by refractive error interaction
(each p<0.05) for both light exposure and AL changes. In summer,
myopes exhibited significantly greater 6-monthly changes in AL
(mean change 0.04 ± 0.05 mm) compared to the emmetropes (-0.01
± 0.05 mm) (p<0.05). However, the difference in AL change was not
different between myopes (0.03 ± 0.05 mm) and emmetropes (0.02
± 0.04 mm) in winter (p>0.05) (Figure 1). A significant interaction
between the seasonal AL variations and light exposure was observed
(p<0.05). Emmetropes had significantly higher mean daily light
exposure in summer (227 lux higher, p<0.05) compared to winter,
whereas myopes did not exhibit a significant seasonal variation in
light exposure (103 lux higher in summer, p>0.05)
Conclusions: In young adults, six monthly axial elongation and
daily light exposure show seasonal variations that appear to differ
according to refractive error. When compared to emmetropes,
progressing myopes had greater axial elongation and lower light
exposure in summer. These findings suggest that seasonal light
exposure variations could contribute to seasonal variations in eye
growth

Mean ± SEM six-monthly axial length changes (left) and mean daily
light exposure (right) for emmetropes and progressing myopes in
winter and summer
Commercial Relationships: Sekar Ulaganathan, None;
Scott A. Read, None; Michael J. Collins, None; Stephen Vincent,
None
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Effects of Long-Wavelength Lighting on Lens Compensation in
Rhesus Monkeys
Baskar Arumugam1, 2, Li-Fang Hung1, 2, Arthur Ho2, Earl L. Smith1, 2.
1
College of Optometry, University of Houston, Houston, TX; 2Brien
Holden Vision Institute, Sydney, NSW, Australia.
Purpose: To investigate whether infant monkeys compensate for
imposed hyperopic defocus when they are reared under quasimonochromatic long-wavelength lighting.
Methods: Starting at 23±3 days of age, 6 infant monkeys were reared
under long-wavelength LED lighting (630 nm, 260 lux) with -3.0D
spectacle lenses over their treated eyes and zero-powered lenses
over their fellow eyes (-3DRL). Comparison data were previously
obtained from infants reared under the same long-wavelength lighting
with unrestricted vision (NRL; n=7) and with monocular +3.0D
lenses (+3DRL; n=7). Additional control data obtained under typical
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white fluorescent lighting (480 lux) were available for infants reared
with unrestricted vision (NWL; n=35), monocular -3.0 (-3DWL;
n=14), and monocular +3.0 D lenses (+3DWL; n=7). Each eye’s
refractive status, corneal power, and axial dimensions were measured
every 2 weeks until the end of the lens-rearing period.
Results: At 130 days of age, in comparison to NWL monkeys, the
median ametropias were significantly more hyperopic for both eyes
of the NRL (right eyes: +3.57D vs +2.44D, p=0.003), and the -3DRL
monkeys (treated eyes: +5.88D, p=0.007; control eyes: +5.94D,
p=0.003). In contrast to animals reared in white light, the -3DRL
monkeys exhibited no significant inter-ocular differences in refractive
error (+0.13±0.86, p=0.74). On the other hand, the +3DRL monkeys
exhibited significant compensating hyperopic anisometropias
(+1.29 ± 0.51D, p=0.001) that were comparable to those observed
in +3DWL subjects (+1.71±0.39D, p=0.0001). However, like the
-3DRL monkeys, the ametropias in both the treated and fellow eyes
of the +3DRL monkeys were significantly more hyperopic than those
of NWL monkeys (treated eyes: +6.06D, p=0.0001; control eyes:
+4.69D, p=0.0008). All of the relative hyperopic ametropias were
associated with the shorter vitreous chamber depths.
Conclusions: Long-wavelength lighting slows axial elongation,
produces hyperopic refractive error shifts, prevents anisometropic
compensation for imposed hyperopic defocus, but allows
anisometropic compensation for imposed myopic defocus. These
findings are in agreement with the hypothesis that chromatic
cues provide directional cues for emmetropization and that longwavelength lighting compromises the ability of the eye to respond to
hyperopic defocus.
Commercial Relationships: Baskar Arumugam, None;
Li-Fang Hung, None; Arthur Ho, Zeiss (P); Earl L. Smith,
Zeiss (P)
Support: National Eye Institute Grants EY 03611 and EY 07551
and Funds from Brien Holden Vision Institute, Sydney, Australia and
University of Houston Foundation
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Attention-Related-Functional Changes Induced By Imposed
Myopia Defocus From Spectacle Lens
Meng Tian Kang1, 2, Bo Wang3, Shiming Li1, 2, Anran Ran1, 2,
Jiahe Gan1, 2, Ningli Wang1, 2. 1Ophthalmology, Beijing
Tongren Hospital, Capital Medical University, Beijing, China;
2
Ophthalmology, Beijing Institute of Ophthalmology, Beijing, China;
3
State Key Laboratory of Brain and Cognitive Science, Institute of
Biophysics, Chinese Academy of Sciences, Beijing, China.
Purpose: Increasing evidence from a diverse range of animal studies
indicate that ocular growth is strongly guided by visual error signals,
specifically the optical defocus. To test the hypothesis that myopic
defocus signal involves advanced nervous system, we explored shortterm myopic defocus induced neuronal changes in healthy human
subjects and the difference between myopes and non-myopes.
Methods: A total of 41 normally-sighted subjects (9 emmetropes, 6
low myopes, 16 moderate myopes and 10 high myopes,mean 24±3
years) underwent functional magnetic resonance imaging(fMRI).
Subjects wore full refractive correction and +2.00D, +4.00D, +6.00D
of myopic defocus in separate, randomized sessions. Over a 7 min
session whist looking through full correction or defocus lenses,
arterial spin labeling (ASL) perfusion MRI was acquired to obtain
quantified regional cerebral blood flow (rCBF).
Results: Using a classical data analysis strategy, we observed that
myopic defocus induced significant rCBF increases in 8 cerebral
regions when compared with full correction: right precentral gyrus,
right superior temporal gyrus, left inferior parietal lobule, left middle

temporal gyrus, left middle frontal gyrus, right inferior temporal
gyrus, right inferior frontal gyrus and left fusiform gyrus cortex.
These cerebral regions were mostly associated with functions of
oculomotor response, attention and awareness, contemplating
distance and recognition of image. The rCBF increases in some of
these 8 cerebral regions were less significant in myopia group than
non-myopia group.
Conclusions: Our findings revealed that myopic defocus
stimulation could significantly increase attention-related changes
in brain regional activity, which suggest some directions for future
exploration about the relationship between lens-induced myopia and
the central neural system.

Average activation maps resulting from group analysis, showing the
increasing of neural activation in myopia defocus relative to clear
focus state. Color scale indicates score significance level

Active loci of myopia defocus vs. clear focus.
Commercial Relationships: Meng Tian Kang, None; Bo Wang,
None; Shiming Li, None; Anran Ran, None; Jiahe Gan, None;
Ningli Wang, None
Support: Major International (Regional) Joint Research Project of
the National Natural Science Foundation of China (81120108807)
Program Number: 2742 Poster Board Number: A0446
Presentation Time: 8:30 AM–10:15 AM
Effect of Temporal Vision on Binocularity in Ametropia
Fuensanta A. Vera-Diaz1, Anna Kosovicheva2, Adriana Ferreira1,
Peter J. Bex2. 1Optometry, New England College of Optometry,
Boston, MA; 2Psychology, North Eastern Universtiy, Boston, MA.
Purpose: A person’s ability to process and use temporal visual
information may affect the binocular balance between the two eyes
and their perception of depth (stereopsis). We hypothesize that
differences in retinal profile may influence the effect of temporal
vision on binocularity in individuals with ametropia.
Methods: Forced choice tasks were used to quantify binocularity as a
function of flicker (0, 4, 7.5, and 12Hz) and spatial frequency
(1, 2, 4, and 8cpd). Interocular Contrast Ratios (ICR) were measured
by determining the relative contrast at which subjects reported
seeing two dichoptic Sloan letters with equal frequency (Kwon et
al, 2014). Stereopsis thresholds were evaluated by determining the
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minimum disparity at which subjects identified a front-depth target
with 75% accuracy. Subjects were 34 young adults (22-31yrs) with
best-corrected VA 0.0 LogMAR (20/20) or better in each eye and
no binocular or accommodative dysfunction measured by clinical
tests. Refractive correction was determined by binocular subjective
refraction. Subjects were classified into: Myopes (-0.80 to -9.00D,
n=15), Emmetropes (+0.40 to -0.25D, n=13), or Hyperopes (+4.00 to
+0.70D, n=6).
Results: Deviations from binocularity, quantified as the strength
of the difference between the two eyes (difference of the ICR from
50%), were found to be spatial frequency dependent (F=4.24,
p<0.01), but not temporal frequency dependent (F=2.07, p=0.11). In
contrast, stereoacuity thresholds were both spatial (F=3.00, p=0.04)
and temporal frequency (F=3.68, p=0.02) dependent. In addition,
we observed temporal and spatial frequency-dependent differences
in binocularity between the refractive error groups. A significant
three-way interaction indicated that myopes show higher suppression
at higher spatial frequencies and lower temporal frequencies
than emmetropes (F=2.28, p=0.02). Myopes also showed larger
stereoacuity thresholds at 4Hz (t=2.49, p=0.02).
Conclusions: Subjects with myopia but otherwise clinically normal
vision show a trend towards a temporal frequency-specific reduction
in binocularity, as shown by increased stereopsis thresholds and
increased suppression. This potential effect of temporal frequency
in the ability to perceive depth in myopes may be consistent
with previously reported deficits in their magnocellular pathway.
However, the specifics of abnormal temporal vision processing in
emmetropization are yet to be determined.
Commercial Relationships: Fuensanta A. Vera-Diaz, None;
Anna Kosovicheva, None; Adriana Ferreira, None; Peter J. Bex,
Adaptive Sensory Technology (P)
Support: New England College of Optometry Internal Funds and
NIH R01 grant EY021553 (PI: Bex)
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Temporal Contrast Sensitivity in Myopia
Adriana Ferreira1, Anna Kosovicheva2, Peter J. Bex2,
Fuensanta A. Vera-Diaz1. 1New England College of Optometry,
Boston, MA; 2Northeastern University, Boston, MA.
Purpose: A person’s ability to process and use temporal visual
information may have an effect on emmetropization as this affects
the spatial image content across the retina. We hypothesize that
differences in retinal profile may affect temporal contrast sensitivity
in individuals with myopia.
Methods: We conducted a cross-sectional study to evaluate
the temporal contrast sensitivity function (tCSF) at four spatial
frequencies (1, 2, 4 and 8 cpd). Subjects performed a monocular
quickCSF procedure (Lesmes et al., 2010) in each eye where they
identified a flickering band-pass filtered letter in a 26AFC task.
Subjects were 28 young adults (22-31yrs) with best-corrected VA
0.0 LogMAR (20/20) or better in each eye and no binocular or
accommodative dysfunction measured by clinical tests. Refractive
error was determined by objective and binocular subjective
refraction. Subjects were classified as: myopes (SE -1.00 to -8.13D,
n=15) or emmetropes (SE +0.63 to -0.25D, n=13).
Results: Subjects with myopia showed higher critical flicker
frequencies (CFF) than emmetropes (F=6.69, p=0.02), and larger
refractive errors were associated with higher CFFs (Spearman’s
r=0.42, p=0.03). In addition, we observed a spatial frequency
dependent difference in the area under the log contrast sensitivity
function (AULCSF) between the refractive groups (F=2.99, p=0.04).
Subjects with myopia displayed a higher AULCSF at medium spatial

frequencies than emmetropes (2cpd: t=-2.92, p<0.01, 4cpd: t=-1.74,
p=0.04).
Conclusions: The myopic subjects in our study had low to moderate
amounts of myopia. They showed higher CFFs that was related to
the amount of myopia. This contrasts with previous results showing
lower CFFs in subjects with high myopia (>8.00D; Chen et al, 2000).
Myopic subjects in our study also showed high contrast sensitivity at
higher temporal frequencies and larger AULCSF for medium spatial
frequencies. Overall, our findings suggest that subjects with myopia
may have improved, rather than abnormal, temporal vision at higher
temporal frequencies than emmetropes.
Commercial Relationships: Adriana Ferreira; Anna Kosovicheva,
None; Peter J. Bex, Adaptive Sensory Technology (I), Adaptive
Sensory Technology (P); Fuensanta A. Vera-Diaz, None
Support: New England College of Optometry Internal Funding, NIH
R01 EY021553
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Wavelength Cues Are Essential to Maintain Emmetropia in Tree
Shrews
Timothy Gawne, Alexander Ward, Thomas T. Norton. Optometry
and Vision Science, University of Alabama at Birmingham (UAB),
Birmingham, AL.
Purpose: To examine the effects of narrow-band flickering blue light
in juvenile tree shrews (diurnal mammals closely related to primates)
that had completed the initial emmetropization decrease from
hyperopia toward emmetropia.
Methods: Nine tree shrews were raised with their mothers in
fluorescent colony lighting until they began treatment at 24 days of
visual experience (DVE) at which age they had achieved age-normal
emmetropia (mean ± SEM, 1.2 ± 0.5 D). Arrays of LEDs (peak,
either 457 or 464 ± 10 nm) placed atop the cage provided illuminance
on the floor of the cage of 300 to 500 human lux. The LEDs were
flickered in a pseudo-random pattern that we previously demonstrated
is myopiagenic in infant animals (starting at 11 DVE) (Gawne et
al. 2014, Soc. Ns. Abstr. 59.09). Non-cycloplegic refractive state
was measured daily for a minimum of 11 days. These groups were
compared with animals raised in colony light and with a group that
had been treated with monocular –5 D lenses (Norton et al. 2010).
Results: All wavelength-treated animals developed increased
refractive error. Refractions in six animals initially moved toward
hyperopia (+1.4 to +4.8 D, max.) and then became myopic (–0.9 to
–6.1, min., when followed to the maximum time period, Fig. 1A).
After 11 days of treatment, the refraction of 7/9 animals was outside
the normal range, and the variance of refractions of the blue-treated
animals (Fig. 1B) was significantly greater than for age-matched
animals in colony light or treated with a –5 D lens (Bootstrap,
P<0.05).
Conclusions: The maintenance of emmetropia is an active
process that no doubt uses multiple visual cues. This restricted
wavelength/flicker condition removed cues essential to maintain
emmetropia. Animals whose refraction initially moved toward
hyperopia and became myopic passed through emmetropia but,
in this visual environment, the eyes were unable to stop. The blue
light significantly stimulated both long (LWS) and short (SWS)
wavelength sensitive cones and their relative stimulation did not
change with the refractive state. This result is consistent with the
hypothesis that feedback from changes in the relative activation of
LWS and SWS cones is necessary to maintain emmetropia. Without
this feedback refraction drifted. One wonders if this may have been
a factor in the variable results of previous narrow-band wavelength
studies.
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exposure, animals began to wear a monocular –5 D lens (–5 D red,
n=5) or diffuser (FD red, FD colony, n=5). The untreated fellow
eye served as a red-light treated control. Refractions of the FD red
group (average of both eyes) were compared with a group with FD
in colony lighting. Refractions in the –5 D red group were compared
with normal animals (n=7). Red light treatment continued 13 days
(–5 D red) or 23 days (FD red). Refractive state was measured daily
in awake animals with an autorefractor in dim light (red or colony).
Results: The control eyes of the –5 D lens-treated animals (Fig.
1A) became substantially hyperopic (6.0 ± 1.0 D, mean ± SEM)
compared with normal eyes (0.8 ± 0.1 D). The –5 D-red treated eyes
became myopic and stabilized at –2.6 ± 1.4 D. The relative myopia
(lens treated vs. “control” eyes) was –8.6 ± 0.6 D. For comparison,
eyes that wore a monocular –5 D lens in colony lighting (Norton et
al. 2010) became myopic (–3.6 ± 0.3 D). The control eyes of the FD
red group (Fig. 1B) became hyperopic (4.0 ± 1.4 D) compared to the
colony FD control eyes (2.2 ± 0.4 D) but were not as hyperopic as
those of binocular-red animals (7.0 ± 0.7 D, Gawne et al. 2014). The
FD-red treated eyes had a similar amount of myopia (–5.0 ± 1.0 D) as
the FD colony eyes (–4.3 ± 1.3 D).
Conclusions: When images are present (–5 D red animals), the
control eyes became hyperopic. The lens caused a myopic shift (lens
compensation) that stabilized, but was larger (relative to control eye)
than occurs in colony lighting. Both wavelength and refractive cues
were used. The myopic response in FD shows that the red-induced
hyperopia in control eyes depends on the presence of images on the
retina. These results suggest that the emmetropization mechanism
uses multiple cues in guiding refractive development.

A: Refraction vs. age for individual animals B: Group means and
variances.
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Interaction of minus-lens wear and form deprivation with
long-wavelength light in tree shrews
Alexander H. Ward, Thomas T. Norton, Timothy Gawne. Optometry
and Vision Science, University of Alabama at Birmingham,
Birmingham, AL.
Purpose: Long-wavelength (red) narrow-band ambient light that
only activates the long-wavelength sensitive (LWS) cones produces
hyperopia in infant tree shrews, a diurnal mammal closely related
to primates (Gawne et al. Soc. Neurosci, 2014 abstract 59.09).
The purpose of this study was to ask how minus-lens wear or form
deprivation, which produce myopia in colony lighting, would interact
with the red-induced hyperopia.
Methods: At 11 days of visual experience (DVE), tree shrews were
placed in ambient red light (628 ± 10 nm, approximately 1000 human
lux) on a 14 hour/10 hour light/dark cycle. At the start of red-light
These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to
access the versions of record.

ARVO 2017 Annual Meeting Abstracts
calibrations at multiple viewing distances for adult subjects with
varying accommodative ability, to assess the need for multiple
calibration distances and range of inter-subject variability.
Methods: Adult participants fixated an accommodative target at 50
cm, 1 m and 6 m. A central letter ‘E’ was surrounded by two rings
of letters. Each letter subtended 0.33 deg and the outer ring diameter
was 4 deg. Viewing was monocular, with an IR-pass filter used for
occlusion so that refractive state could be recorded from both eyes.
Spherical lenses, ranging from -5 to +5, were placed in front of the
occluded eye for at least 5 seconds each. Data were collected twice in
a dimly-lit room.
Results: The change in measured anisometropia induced by each
lens was calculated, relative to a baseline before the lens was applied.
For each participant, each eye and each viewing distance, the slope
of a linear regression describing anisometropia as a function of lens
power was determined. There were individual differences based on (i)
eye being assessed (up to 30% change in the slope) and (ii) viewing
distance (up to 40% change in the slope) that fell outside the range of
measurement repeatability.
Conclusions: The eccentric photorefraction calibration function for a
given individual can depend on viewing distance. Depending on the
sensitivity desired, it may be important to calculate the slope of the
calibration function for subjects at each distance.
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The calibration of the PlusOptix PowerRef 3 as a function of
viewing distance
Saeideh Ghahghaei1, Jeremy B. Badler1, T Rowan Candy2,
Arvind Chandna1. 1The Smith-Kettlewell Eye Research Institute, San
Francisco, CA; 2Indiana University, School of Optometry and Vision,
Bloomington, IN.
Purpose: The PlusOptix PowerRef 3 is an infrared video-based
eccentric photorefractor used to estimate accommodation. It measures
the eye’s refractive state using the slope of a linear regression fit to
the distribution of reflected light across the pupil, and a calibration
function based on a population mean. Accurate measurements
require calibration for an individual due to differences in eye
anatomy. Calibration is typically performed for a single reference
viewing distance. Eye alignment, pupil size and higher-order optical
aberrations are likely to change when viewing distance changes,
which may influence the calibration function. We performed
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Changes in forward light scatter parameters correlate with
refractive error in young adults
Manbir Nagra, Mansi Patel, John L. Barbur. Division of Optometry
and Visual Science, City, University of London, London, United
Kingdom.
Purpose: Individuals with myopia frequently show poorer outcomes
in various aspects of visual function. The underlying cause is unclear;
however, reduction in retinal image quality is frequently attributed to
structural and neural changes in the posterior myopic eye. Forward
light scatter, which originates predominantly in the cornea and the
lens, is known to produce veiling glare on the retina which in turn
affects retinal image contrast. We aim to investigate whether the
amount of forward light scatter varies with refractive error.
Methods: Thirteen young-adult subjects (18-25 years), with mean
spherical errors (MSE±SD, D) RE: -1.91±2.02 (range 0.38 to -4.75),
LE: -1.69±1.94 (range 0.50 to -4.63) and anisometropia of ≤1.25D,
underwent binocular assessment of forward light scatter using
the City University AVOT test. Five glare annuli, with effective
eccentricities ranging from 2 to 10 degrees, were used to estimate the
parameters of the light scatter function k and n. These were then used
to calculate the area under the light scatter function (k’) and the total
volume of light scatter (k’’). The relationships between k’, k’’, n and
MSE were examined using linear regression analyses.
Results: A significant correlation was found between increasing
myopic MSE and increase in both the integral of light scatter (k’)
(RE: p<0.01, r -0.82; LE: p<0.01, r -0.81) and the total volume of
light scatter (k’’) (RE: p=0.02, r -0.64; LE: p=0.01, r -0.68). There
was no significant relationship found between the angular distribution
of light scatter (n) and refractive error (p>0.05 for both eyes).
Conclusions: These pilot data suggest structural changes in the
crystalline lens and cornea, may play a significant role in increasing
forward light scatter and hence retinal image degradation in myopic
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eyes. Further studies are needed to characterise such changes in the
anterior media of the eye.
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Clinical Accuracy and Precision of a Hand-Held Shack Hartman
Wavefront Sensor Autorefractor
Nicolas Brown1, Tara C. Vaz2, Olga Pikul2, Robert Dowd2,
Rebecca L. Nally2, Sarah B. Klein2, Geunyoung Yoon2. 1Ovitz
Corporation, Victor, NY; 2Flaum Eye Institute, University of
Rochester, Rochester, NY.
Purpose: Uncorrected refractive errors are the leading cause of visual
impairment globally and are particularly prevalent in low-resource
countries. One of the primary barriers to affordable and quality
vision care in these countries is the limited number of eye care
professionals with necessary skills to reliably refract a patient. To
that end, providing a method of refraction which is reliable, accurate
and precise, yet is easy to use by a relatively unskilled operator could
have a significant impact on reducing the incidence of uncorrected
refractive errors in both developed and developing economies.
Methods: A newly designed hand-held Shack-Hartman based
wavefront sensor was used to repeatedly measure the ocular
refraction of 16 normal subjects free from ocular disease or surgery.
Undilated subjective refractions were performed by optometrists,
while the dilated autorefraction was measured by an optometric staff
member using a commercial autorefractor (Tomey RT-7000) and the
hand-held wavefront sensor prototype. Subjective refraction was
performed once only, while 5 measurements were performed using
each autorefractor in an alternating fashion. Subjects ranged in age
from 20 to 60 years old (mean ± standard deviation = 43 ± 12) with 8
males and 8 females.
Results: Significant correlations were observed between the handheld wavefront sensor prototype and subjective refraction for both
sphere (R = 0.988, p < 0.05) and cylinder (R = 0.714, p < 0.05).
Significant correlations were also observed between the hand-held
wavefront sensor and the commercial autorefractor for both sphere
(r = 0.992, p < 0.05) and cylinder (R = 0.832, p < 0.05). The
correlation between the autorefractor and subjective refraction was
also significant for both sphere (r = 0.992, p < 0.05) and cylinder
(R = 0.565, p < 0.05).
Conclusions: The hand-held wavefront sensor was demonstrated to
produce accurate refraction measurements in normal adult subjects
with high correlation to a conventional commercial autorefractor. A
trained non-clinician can rapidly make measurements with minimal
patient input. This is valuable for examinations performed outside
office settings such as those often encountered in countries with low
levels of trained ophthalmic clinicians.
Commercial Relationships: Nicolas Brown, Ovitz Corporation
(E); Tara C. Vaz, None; Olga Pikul, None; Robert Dowd, None;
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Ovitz Corporation (C)
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Retinal sensitivity asymmetry in high myopia and its correlation
with refractive error
Zeyad A. A. ALzaben1, Genís Cardona1, Miguel A. Zapata2,
Ahmad Zaben3, Dana N. Koff4. 1Department of Optics and Optometry,
Technical University of Catalonia, Olot, Spain; 2Ophthalmology,
Valle de Hebrón Hospital, Barcelona, Spain; 3Optometry, Optipunt
Eye Clinic, Figueres, Spain; 4Allied Medical Sciences, Jordan
University of Science and Technology, Irbid, Jordan.
Purpose: High myopia (over -6 D) is characterized with anatomical
and functional changes in the retina and choroid. We aimed at
examining the normal range of inter-ocular asymmetry in retinal
sensitivity and its association with refractive error.
Methods: The MAIA microperimeter (Macular Analyzer Integrity
Assessment, CenterVue, Padova, Italy) was employed to determine
retinal sensitivity in a sample of patients with high myopia without
ocular complications (n=43; 15 females; mean age of 35.07 ±
13.31 years) and to compare these results with those of an agematched control group of healthy subjects (n=45; 23 females; mean
age of 39.9 ± 14.1 years). Both in the myopia and control group,
no statistically significant inter-ocular differences were found in
spherical equivalent and distance corrected visual acuity.
Results: A summary of the absolute inter-ocular differences in retinal
sensitivity in the myopic and healthy groups is shown in Figure 1.
Overall, inter-ocular differences were larger in the myopic group
than in the control group, although statistically significant differences
were only encountered at the central location (p = 0.001). Statistically
significant moderate negative correlations were found between
refractive error and absolute inter-ocular differences in retinal
sensitivity at most of the locations under examination (Figure 2),
particularly towards the center of the retina, that is, retinal sensitivity
asymmetry increased with refractive error.
Conclusions: Highly-myopic eyes, even in the absence of
complications, display a different range of inter-ocular asymmetry
than normal eyes, and this asymmetry increases with refractive error.
This finding is of relevance for the correct and early diagnosis of
unilateral pathological conditions associated with high myopia.

Absolute inter-ocular differences in retinal sensitivity in mean ± SD
(95% CI) at each of the locations and quadrants under examination
(N: Nasal; T: Temporal; S: Superior; I: Inferior) for the myopia and
control groups.
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Correlation analysis of the association between mean refractive
error and absolute inter-ocular differences in retinal sensitivity in the
myopic group.
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