
Cross-cylinder or Spherical

Mean Change in Choroidal Thickness

Condition

∆ 
C

ho
ro

id
 T

hi
ck

ne
ss

 (m
m

)

-0.12

-0.08

-0.04

0.00

0.04

0.08

0.12

+ + + +- - - -

*

***

-+ + -

***
**

*

3 hrs. 24 hrs.

In the presence of massive blur (Jackson Cross Cylinders), 
lens compensation relies more on chromatic cues

In the presence of massive blur (Jackson Cross Cylinders), 
lens compensation relies more on chromatic cues

Naomi Cernota2, Frances Rucker1, Josh Wallman2

1New England College of Optometry, Boston, MA 2City College of New York, NY

Naomi CernotaNaomi Cernota22, Frances Rucker, Frances Rucker11, Josh Wallman, Josh Wallman22

11New England College of Optometry, Boston, MA New England College of Optometry, Boston, MA 22City College of New York, NYCity College of New York, NY

IntroductionIntroductionIntroduction

Several experiments, as shown below, have demonstrated that chicks can compensate for lenses in 
monochromatic light; these experiments have been interpreted as casting doubt on the role of longitudinal 
chromatic aberration as a cue to the sign of defocus. However, they show only that other visual cues exist. 

PurposePurposePurpose

Because other potential cues may depend on subtle spatial signals in the image, we attempted to 
reduce the efficacy of those cues by imposing astigmatic blur with strong Jackson Cross Cylinder 
lenses together with weak spherical defocus in hopes of magnifying the difference between lens-
compensation in white (as shown by McLean & Wallman, 2003) and monochromatic light.

Wildsoet, Howland, 
Falconer, & Dick, (1993)

Rohrer,  Schaeffel, & Zrenner, (1992) 
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MethodsMethodsMethods

Chicks wore lenses that presented 
astigmatic defocus (+5/–5 D 
crossed cylinders) combined with 
+3 D of spherical defocus over one 
eye and astigmatic defocus (+4/–4 
D crossed cylinders) combined with 
–2 D over the other eye. Some 
chicks wore these lenses under 
white light; others under red 
monochromatic light. A third group 
of chicks wore lenses that imposed 
only spherical defocus of similar 
magnitude (+3 D and –3.5 D over 
the two eyes). We measured 
refractive error by Hardinger
Refractometer and axial dimensions 
by high-frequency ultrasound; we
present the data here as changes 
over the 3 days of lens-wear. In 
addition, choroid responses were 
examined after 3 hours and 24 
hours wear.

1000 lux
620 nm

1000 lux
515 nm

1000 lux
White light

OR OR

Cross-cylinder or Spherical
Negative LensPositive Lens

Refractive compensation despite astigmatic defocus was seen in 
white light, but not in red light. However, refractive compensation 
was seen with spherical defocus in monochromatic light.

Change in Refractive Error
(Points below the diagonal line show the expected difference 

in compensation for positive vs. negative lenses)
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Change in Eye Length

Axial length compensation was seen in both astigmatic and spherical 
defocus conditions.

(Points above the diagonal line show the expected difference in 
compensation for positive vs. negative lenses)
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With astigmatic defocus, choroidal compensation was poorer 
in red than in white light. With spherical defocus, there was 
compensation in red light, but in green light, the choroidal
responses were more transient, being evident at 3 and 24 
hours (see below) but not at 3 days. 

Change in Choroidal Thickness
(Points below the diagonal line show the expected difference in 

compensation for positive vs. negative lenses)
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ResultsResultsResults

AcknowledgementsAcknowledgementsConclusionsConclusionsConclusions

It appears that crossed cylinders attenuate lens compensation only under 
monochromatic light. We interpret this as evidence that, when other spatial cues are 
handicapped by massive blur, the use of chromatic cues to the sign of defocus are 
accentuated. Thus, these results imply that eyes use the signals provided by 
longitudinal chromatic aberration to discern the sign of defocus, but under normal 
circumstances, other cues are used as well.
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INTRODUCTIONINTRODUCTION
Recent experiments in monkeys suggest that defocus imposed in the periphery of the visual field  can affect the 

development of foveal/central refractive errors.
For designing spectacle lenses making use of this observation, it is important to know whether certain retinal areas 

are more responsive or whether changes in eye growth are just proportional to the defocused area.
This question has previously been addressed in chicks by using spectacle lenses with central holes (4, 6 & 8 mm) 

(Schippert & Schaeffel, Vision Research 2006). These lenses induced changes in refraction in the periphery but scarcely 
in the center. 

54 chickens (Gallus domesticus),
monocularly treated with:

±7D full field lenses (6+8 chicks)

-7D hemi-field lenses (6 chicks) &
“RRG” lenses (Rodenstock, Munich)
(2 different power profiles, lens 1 and lens 2) 

(13+21 chicks)

Infrared photoretinoscopy at -450, 
00 and +450 eccentricity – NR,CR,TR

A-scan ultrasonography

“Image J” – self-written macro file to 
trace outlines of excised eyes

Different RRG lenses are very differently effective in changing the central refraction. (see "key finding", above)

Even after 5 days of treatment with RRG lenses that impose myopia in the periphery, there was little change in 
external eye shape - even though hyperopia could be induced. Obviously, the refraction changes were largely choroidal.
“RRG” lenses have been provided by the industrial partner of MyEuropia, Rodenstock, Munich, Germany                              
This project has received funding from the Marie Curie Research Training Network “MyEuropia” MRTN-CT-2006-034021
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Radial Refractive gradient 
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Genetic susceptibility to high myopia: investigating candidate genes involved 

in the early part of potential biological pathways
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INTRODUCTION RESULTS

Myopia is the most common eye disorder worldwide,

with the highest prevalence in East Asia.1 In order to

control the progression of myopia, the underlying

pathway should be understood. It is well established that

visual experience alters ocular growth and the changes

seem to be mediated locally. Genes responsive to the

visual signals are probably involved in the earlier part of

potential biological pathways concerned. Five functional

candidate genes were selected based on this hypothesis

to investigate their potential association with high

myopia: early growth response 1 (EGR1),2 v-fos FBJ

murine osteosarcoma viral oncogene homolog (FOS),3

jun oncogene (JUN),3 vasoactive intestinal peptide (VIP),4

and vasoactive intestinal peptide receptor 2 (VIPR2) 5.

METHODS

DISCUSSIONS & CONCLUSIONS

Four of the candidate genes tested (EGR1, FOS, JUN

and VIP) were unlikely to play significant roles in

genetic susceptibility to high myopia in Chinese.

However, VIPR2 haplotypes (M11-M13) were found to

be significantly associated with high myopia

(Pc<0.001). This indicates that certain functional

causal variants in the VIPR2 gene contribute to myopia

susceptibility and remains to be identified.

This initial positive finding should be confirmed by

replication studies using independent samples and

followed by fine mapping of the true causal variant.

Subjects Selection

Case: Diopter ≤ -8.00, n = 300

Control : Diopter ± 0.75, n=300

Age: 18-45 yrs

SNP Selection and Genotyping

From the 5 selected candidate genes, 26 tag single

nucleotide polymorphisms (SNPs) were identified from

the International HapMap database. The selection criteria

of TagSNPs were r2 > 0.8 and minor allele frequency

(MAF) >0.10 for the Han Chinese population by the

Tagger software. Genotypes were obtained by restriction

fragment length polymorphism (RFLP) or unlabelled

probe melting analysis 6.

Statistics

Genotypes were tested for Hardy-Weinberg equilibrium

(HWE). Analysis was performed for individual SNPs and

haplotypes using BEAGLE 7 and PLINK 8. Permutation

was used to correct multiple comparisons.

Single Marker Analysis

The genotypes of the TagSNPs and were all in

HWE(genotype rate = 100%). Four TagSNPs were

associated with high myopia with nominal p values <

0.05 as shown in Table 1.
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Unlabelled Probe Melting Analysis

RFLP

Haplotype Analysis

Table 1

A: additive genetic model, D: Dominant genetic model

*: The positive signals did not survive after multiple testing correction

The 2 SNPs haplotypes of VIPR2 were associated with

high myopia significantly as shown in Table 2 .

Table 2

The G-G haplotype (M11-M13) of VIPR2 was strongly associated with high 

myopia.
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