FREE PAPER SESSION 1: PREVENTION OF MYOPIA
Chair: Neville A. McBrien
Paper 1: Muscarinic Antagonists -Clinical Effects on Myopia

Wei-Han Chua
Singapore Eye Centre and Singapore Eye Research Institute, Singapore

A safe and effective treatment that can control or slow the progression of myopia, which typically occurs during childhood, would be a significant advance in the management of myopia. Clinical trials of various optical modalities aimed at preventing progression of myopia such as bifocals, progressive addition lenses and contact lenses have yielded disappointing results. To date, only pharmacological interventions with muscarinic antagonists such as atropine and pirenzepine appear to have some consistent effect on the progression of childhood myopia. However, the long-term safety and efficacy profiles of these drugs are not yet established and further clinical trials with longer duration of treatment and follow-up are required. In addition, the dose-response relationships between these drugs and myopia need to be elucidated. Concomitant laboratory research into the mechanism of action of these agents may help provide new insights on the pathogenesis of myopia. Any intervention of myopia progression should also take into account the recent work on the environmental and genetic risk factors linked to myopia.

e-mail: chua_wh@hotmail.com

Paper 2: Long-Term Result of Low Concentration Atropine Eye Drop for Control Myopia Progression in Schoolchildren
Pei-Chang Wu

Department of Ophthalmology, Gung Memorial Hospital, Kaohsiung Medical Center, Taiwan

Purpose: To evaluate the long-term efficacy of low concentration (LC) atropine solution for controlling myopia progression in schoolchildren. Methods: This retrospective, case-control study enrolled myopic schoolchildren who had been follow-up at least 3 years at Chang Gung Memorial Hospital, Kaohsiung Medical Center, Taiwan from 1999 to 2007. The LC atropine group of children who received atropine eyedrops (0.05% or 0.1%) every evening, and a group of children, who remained untreated or poor compliance with irregular follow-up, served as controls. Results: A total 101 children included in this study. The mean age was 8.3 year old. The mean follow-up duration was 4.5 yrs. Mean myopia progression in LC atropine group was -0.32 D/year, significantly lower than that of the control group of -0.85 D/year (P < 0.001). Conclusions: The results of this study demonstrate that long-term and regular instillation of low concentration of atropine is effective for controlling myopia progression.

e-mail: wpc@adm.cgmh.org.tw
Paper 3: Atropine for the Treatment Of Childhood Myopia: Effect on Myopia Progression After Cessation of Atropine

Louis Tong, Angeline L. T. Koh, Xiao-Ling Huang, Donald T. H. Tan, and Wei-Han Chua
Singapore National Eye Center, Singapore (LT, DTHT, W-HC), Singapore Eye Research Institute, Singapore (DTHT), Department of Ophthalmology, National University of Singapore, Singapoer (DTHT), Clinical Trials & Epidemiology Research Unit, Ministry of Health, Singapore (ALTK, X-LH)
Purpose. The aim of this study was to assess the effect on myopia progression, after cessation of topical atropine treatment. Methods. Parallel-group, placebo-controlled, randomized, double-masked study. The participants were four hundred children aged 6 to 12 years with refractive error of spherical equivalent -1.00 to -6.00 diopters (D) and astigmatism of -1.50 D or less. No intervention was administered. Subjects were followed up for twelve months after stopping treatment, which consisted of either 1% atropine or vehicle eye drops once nightly for 2 years in 1 eye of each subject chosen randomly. Results. After cessation of atropine drops, the mean progression in the atropine treated group was -1.14 ± 0.80 D over one year, whereas the progression in placebo treated eyes was -0.38 ± 0.39 D (p.0001). However, after 3 years of participation in the trial (with two years on atropine treatment), eyes randomized to atropine have less severe myopia than other eyes. Spherical equivalent was -4.29 D ± 1.67 in the atropine treated eyes, compared to -5.22 D ± 1.38 in the placebo treated eyes (p.0001). Spherical equivalent in atropine un-treated and placebo un-treated eyes were -5.00 D ± 1.62 and -5.28 D ± 1.43 respectively. Over the 3 years, the increase in axial length of the atropine treated eyes was 0.29 ± 0.37 mm, compared to 0.52 ± 0.45 mm in the placebo treated eyes (p.0001). Conclusions. After stopping treatment, eyes treated with atropine demonstrated higher rates of myopia progression compared to eyes treated with placebo. However, the absolute myopia progression after three years was significantly lower in the atropine group compared to placebo.
e-mail: chua_wh@hotmail.com

Paper 4: The Effectiveness of Prism Combined with Plus Lens on the Progression of Myopia in Chinese Children

Liu Wen, Yang Zhikuan, Lan Weizhong, Chen Linxin, Chen Xiang, Lu Jinhua, and Ge Jian
State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou, China
Purpose. To evaluate the effectiveness, safety and adaptability of Prism Combined with Plus lens (PCPLs) on the progression of myopia in Chinese children. Methods. We enrolled 171 Chinese juvenile-onset myopes (ages 7-13, -0.50 to -3.00D spherical refractive error) in Guangzhou city, without moderate or high myopic parents, for a 2-year prospective study. They were assigned to the single vision lens (SVLs) group (n=89), the PCPLs 1 (with +1.5D add) group (n=40) and PCPLs 2 (with +2.00D add) group (n=42). The primary outcomes, which included myopic progression (determined by autorefraction after cycloplegia), ocular biometry (measured by A-scan ultrasonography) and heterophoria status (determined by Cover Test), were performed every 6 months. Treatment effect was adjusted for important covariates, by using multiple linear regression model. Results. 75/89 children in the group of SVLs, 28/40 in PCPLs 1 and 31/42 in PCPLs 2 completed the two-year study. The change of phoria at distance was 0.22±1.97△、0.29±3.01△ and0.13±2.16△（Pgroup=0.17，Ptime<0.01）,respectively. The SER change in the group of SVLs , PCPLs 1 and PCPLs 2 was -1.50±0.67D、-1.18±0.60Dand -1.04±0.66D（P<0.01）,with the elongation of axial length 0.74±0.43mm、0.44±0.38mm、0.42±0.30mm（P<0.01）,respectively. The contributing factors for this diference were lens type (P<0.01) and age（P<0.05）. Conclusions. The two-year’s results show that, compared with SVs, PCPLs can retard myopic progression partly, with less elongation of axial length. The PCPLs’s adaptability is lower than SVLs and has no clinical effect on distant phoria. However, the long-term effect of PCPLs needs further observation.

e-mail: zocyang@hotmail.com
Paper 5: Comparison of Multifocal Contact Lenses with Multifocal Spectacle Lenses for Myopia Control

Edwin Howell

School of Optometry and Vision Science, University of New South Wales, Sysney, New South Wales, Australia
Purpose. To compare the efficacy of multifocal soft contact lenses with multifocal spectacle lenses on the progression of myopia in children. Methods. Children less than 16 years age who had worn multifocal spectacle correction for myopia for at least 12 months and were still progressing were selected to be fitted with multifocal soft contact lenses. The previous spectacle lenses were a short corridor multifocal with +1.50 add. The contact lenses were a soft daily wear 1 month disposable single add zone concentric minus centre design with a peripheral +1.50 add. The contact lens wearers have been followed for at least 12 months enabling the comparison of the annual rate of progression of myopia with spectacles and contact lenses in the same subject. Results. Initial results on n = 24 eyes: the progression of myopia in the previous 12 months wearing multifocal spectacles was -0.56 ±0.17 D/Annum and the progression in the following 12 months or more wearing multifocal contact lenses was -0.18 ±0.23 D/Annum, difference significant p<0.001. Many eyes (n=12) showed no significant progression over greater than 12 months. Conclusions. Multifocal contact lenses would appear to significantly reduce the myopia progression compared to multifocal spectacle lenses. This finding is consistent with the model that ‘myopic blur’ on the whole peripheral retina relative to the fovea (effectively oblate eye shape) is more likely to be refractively stable.
e-mail: e.howell@unsw.edu.au
Paper 6: Cambridge Anti-Myopia Study (CAMS): 12 Month Results

Holly Price, Peter Allen, Sheila Rae, Hema Radhakrishnan, Baskar Theagarayan, Ananth Sailoganathan and Daniel J. O’Leary, PhD
Department of Optometry and Ophthalmic Dispensing, Anglia Ruskin University, Cambridge, United Kingdom (HP, PA, SR, BT, DJO), and Vision Cooperative Research Centre 2, Sydney, New South Wales, Australia (HP, PA, SR, HR,BT, AS, DJO)
Purpose. To discuss the methods and results of CAMS for 126 participants after 12 months follow up. Methods. The treatment modality for CAMS employs custom designed contact lenses (CL) which control spherical aberration to optimise static accommodation responses, and a vision-training programme to improve accommodation dynamics, in participants aged 14-21. Treatment CL corrected individual refractive error and altered spherical aberration for eye plus lens to -0.1μm. Control CL corrected refractive error with no added spherical aberration. Ocular spherical aberration was measured using a Complete Ophthalmic Analysis System; the accommodative response amplitudes were measured with a Shin Nippon SRW 5000 auto-refractor. Accommodative facility rates were assessed at baseline 3 and 12 months. Cycloplegic refractive error data was collected at baseline 6 and 12 months and progression was calculated as the difference in cycloplegic refractive error between the baseline and 12 months. Results. Myopia progression at 12 months was lower in the CL treatment group compared to the CL control group (Treatment M= -0.13D, SD=0.29D; Control M= -0.22D, SD=0.33D) but this was not significant (t(124)=1.54, p=0.13). There was no significant effect of vision training on myopia progression (t(124) =0.53, p=0.60). Altered spherical aberration improved accommodation response significantly at 3 months (t(110) =2.84, p=0.005) although this effect was not maintained at 12 months. Vision training improved near accommodative facility at 3 months (t(111) =2.37, p=0.019). Conclusions. Both treatments were shown to have the potential to significantly improve accommodation accuracy. Extension of the trial to 24 months will allow models of treatment effects versus myopia progression over time to be developed.
e-mail hcp1@anglia.ac.uk

Paper 7: Prismatic Bifocal for Myopic Control in Children: Two Year Data

Desmond Cheng, OD, MSc, Katrina L. Schmid, PhD, George C. Woo, OD, PhD, and Björn Drobe

Queensland University of Technology, Brisbane, Queensland, Australia (DC, KLS), The Hong Kong Polytechnic University, Hong Kong, China (GCW), and Essilor International, Research & Development Centre, Singapore (BD)
Purpose. Standard bifocal spectacle lenses have been shown to slow myopia progression mostly in children with near esophoria and high accommodative lags. We aimed to determine the effect of incorporating base-in prism in the near-additions on myopia progression in children. We were particularly interested to determine if progression would slow in orthophoric and exophoric myopes. Methods. 135 myopic children (≤−1.00D) with myopia progression of at least 0.5D/yr were recruited and randomly assigned to one of three treatments: (i) single vision lenses (SVL, n=41), (ii) +1.50D bifocal (BFL, n=48), or (iii) +1.50D bifocal with 3Δ base-in prism (PBFL, n=46). Near phoria and lag of accommodation were measured at the baseline examination, refractive errors (cycloplegic autorefractor), axial lengths (A-scan ultrasongraphy) were measured half-yearly. Two year follow up data of the right eyes are described. Results. Of the 135 children (age: 10.3±1.8yr, myopia: −3.10±1.15D), 131 (97%) completed the 2-year study. Myopia progression averaged −1.55±0.77D for SVL, −0.96±0.59D for BFL and −0.70±0.68D for PBFL; axial length increased 0.62±0.25mm, 0.41±0.30mm, and 0.41±0.36mm respectively. Both types of bifocals significantly decreased myopia progression relative to the single vision control group (p<0.005). When age was factored in as a variable, the prismatic bifocal decreased myopia progression more than the standard bifocal (p<0.05). There was no effect of baseline near phoria and lag of accommodation. A significant difference (p<0.01) in axial elongation was found in both bifocal groups compared to the single vision control group. Conclusions. Both bifocal and prismatic bifocal lenses reduced myopia progression in children by a clinically and statistically significant amount compared to single vision lenses. Adjusting for baseline near phoria and lag of accommodation had no extra effect. The incorporation of base-in prism into the bifocal lenses appeared to improve the myopia control effect.
e-mail: descheng@hotmail.com

Paper 8: Accrual of Treatment Effect with Corneal Reshaping Contact Lenses

Jeffrey J. Walline, OD, PhD, and Lisa A. Jones, PhD
College of Optometry, The Ohio State University; Columbus, Ohio
Purpose. To determine whether the treatment effect exhibited by corneal reshaping contact lens wear continues to accrue after the first year. Methods. Eight to 11 year old children with between –0.75 D and –4.00 D spherical component myopia and less than –1.00 D astigmatism by cycloplegic autorefraction were examined annually for two years. Subjects were matched by age category (8 or 9 versus 10 or 11 years) to a historical control subject who wore soft contact lenses during a different myopia control study. A-scan ultrasound was performed at each visit to measure myopic eye growth. Results are for the right eye only. Results. Forty subjects were enrolled and 28 (70%) completed the two years. Those who did and did not complete the study had similar gender, refractive error, and axial length distributions at baseline. The gender, spherical equivalent refractive error, and axial length distributions were similar between corneal reshaping and soft contact lens wearers at baseline. The mean axial growth for the corneal reshaping contact lens wearers over 2 years was 0.23 ± 0.05 mm, and it was 0.59 ± 0.07 mm for soft contact lens wearers (p < 0.0001). The axial growth between baseline and the one-year visit was significantly less for the corneal reshaping contact lens wearers than the soft contact lens wearers (p = 0.02). Corneal reshaping contact lens wearers also grew significantly less between the one-year visit and the two-year visit than soft contact lens wearers (p = 0.01). This indicates a treatment effect that continues to accrue after the first year of treatment. Conclusions. This finding confirms similar findings by Cho and colleagues regarding the accrual of treatment effect exhibited by corneal reshaping contact lens wearers. Other forms of treatment, such as bifocal spectacles and atropine have not exhibited a treatment effect that continues to accrue after the initial treatment.

Support: Materials provided by Paragon Vision Sciences and Menicon USA.
e-mail: walline.1@osu.edu

Paper 9: Visual Backward Masking Task Performance in Emmetropes and Myopes

Hui-Ying Kuo, Katrina L. Schmid, PhD, David A. Atchison, PhD, DSc
Institute of Health and Biomedical Innovation, Queensland University of Technology, Brisbane, Queensland, Australia
Purpose. Few studies have investigated temporal processing properties of myopic eyes. Given there are temporal processing deficits in patients with abnormalities involving the dopamine system and evidence in animal models that dopamine is involved in eye growth, it is plausible that temporal processing may be affected in myopia and/or the progression of myopia. This study investigated the visual performance of emmetropic and myopic eyes using a backward visual masking task. Methods. Ninety-two subjects aged 18-26 years (30 emmetropes, 32 stable myopes, 30 progressing myopes) were tested on two masking tasks. In backward visual masking, a target’s visibility is reduced by a mask presented in quick succession “after” the target. The target and mask stimuli were presented at nine different interstimulus intervals (from 12~259 ms). The location task involved locating the position of a target, and examined the ability to detect objects with low contrast (5%), larger stimulus size (0.61 logMAR) and peripheral presentation (magnocellular bias). The resolution task involved identifying a letter, and tested resolution and colour discrimination (parvocellular bias). Results. Emmetropic subjects had significantly better performance on both tasks than myopes (location task: F2, 89 =19.1; p<0.001; resolution task: F2, 89 = 5.3; p<0.01), but there were no differences in performance between stable and progressing myopes (p>0.05). No relationship was found between task performance and the magnitude of myopia (location task: r2=0.0576; p=0.061; resolution task: r2=0.0571; p=0.062). Conclusions. Myopes are more affected than emmetropes by masking stimuli, particularly for location tasks. Impairment in location masking might be due to abnormalities in the magnocellular pathway, which is responsible for the analysis of motion and spatial location. The impairment may occur in early myopia development and thereafter remain even if progression slows.
e-mail: h2.kuo@student.qut.edu.au

FREE PAPER SESSION 2: OCULAR STRUCTURE AND PATHOLOGY RELATED TO MYOPIA
Chairs: Wei-Han Chua, Padmaja Sankaridurg

Paper 1: Evaluation of a Novel Trimmed Mean Based Copy Number Variant Detection Method Using Whole Genome Single Nucleotide Polymorphism Arrays of a Myopia Subject Cohort

Terri Young, PhD, A. Dellinger, Mark Seielstad, Liang-Kee Goh, Seang-Me Saw, MBBS, MPH, PhD, and Yi-Ju Li

Center for Human Genetics, Duke University Medical Center (TY, AD), Duke University-National University of Singapore (NUS) Graduate Medical School (TY, Y-JL), Genome Institute of Singapore, Singapore (MS, L-KG), Department of Community, Occupational, and Family Medicine, National University of Singapore, Singapore (S-MS), and Singapore Eye Research Institute, Singapore (S-MS)
Purpose. We compared the performance of 6 different CNV detection methods, including our trimmed - mean based method (TrimMean) using DNA from various tissues of subjects in the Singapore Co-hort study Of the Risk factors for Myopia. Methods. Twenty-six samples from 13 subjects were genotyped using the Illumina 550K SNP microarray chip. Thirteen samples were derived from buc-cal swabs, 7 from saliva, 1 from blood, and 5 from amplified buccal DNA. Six CNV detection me-thods were evaluated: circular binary segmentation (CBS), gain and loss of DNA (GLAD), CNV-Finder, dChip, CNVPartition, and TrimMean. TrimMean creates a distribution of non-CNV SNPLog R ratios from all samples, where non-CNV SNPs are obtained from the inter-quarter region in eve-ry sample. CNV SNPs are declared within the upper or lower 2.5% distribution thresholds. Method adjustments to call an average of 50,000 CNV SNPs/sample were made for fair comparisons, ex-cept for GLAD (no adjustable parameters and an average call rate of 37,735 CNV SNPs). All CNV types and call rates were compared to the Genomic Variants and HapMap databases. Results. Amplified buccal DNA samples had the highest number of CNV SNPs - 65X as many for the CBS method. Sensitivity values were consistently low (0.01 to 0.13). Of the 6 methods, TrimMean had the highest sensitivity (0.13) and a kappa value of 0.82 -slightly below the kappa of CNVFinder (0.88) and GLAD (0.84). For buccal samples, TrimMean detected 34 CNV SNPs in all myopic and none in non-myopic subject DNA samples. Conclusions. Trim-Mean appears to be an effi-cient and robust method to detect CNVs, and parameter adjustments may improve performance. The call rate variability among the different CNV detection methods may be reflective of DNA qua-lity, and call rates could be artificially high.
e-mail: terri.young@duke.edu
Paper 2: Myopic Macular Degeneration: Classification with a Neuro-Disruptive Stage
Brian Ward, Brian Ward, PhD, MD, and Elena Tarutta

Retinal Diagnostic Center, Campbell, California
Purpose. To employ new clinical tools and information, to study and classify the stages of this maculopathy, as an aid in selecting the best therapeutic options. Methods. Macular scans and axial length measurements, along with clinical and surgical observations, were used in a study of 200 cases of adult Degenerative Myopia. Using this data, a classification of the stages of the condition was made. Results. An atrophic pattern of macular degeneration presented with signs of the thinning and stretching of the choroid and retina. Sub-retinal choroidal vascular ingrowths marked exudative and cicatricial phases. A late neuro-disruptive phase involved tractional retinal thickening, schisis, tissue avulsions, tractional detachments, macular holes and rhegematogenous retinal detachments. Vitrectomy procedures and posterior pole scleral buckling were able to correct some of the features of the maculopathy. The buckling of the posterior pole offers the hope of axial myopia control and the prevention of some of its macular complications. Conclusions. Myopic Macular Degeneration may be classified in four sub-types: Atrophic, Exudative, Cicatricial and Neuro-Disruptive (Tractional). Understanding the processes involved allows for the optimal choice between available therapeutic options.

e-mail: bwardrdc@yahoo.com
Paper 3: Nutraceuticals in Macular Hole -A Possible Treatment Option (A Case Report).

Benita M. Soltura, RPh, OD, FPCO, and Lawrence Tinio
Soltura Clinic, Los Banos, Laguna, Philippines (BMS), and Eye Referral Center, Manila, Philippines (LT)
Purpose. To present natural supplementation as a possible non-surgical approach in the treatment of macular hole and other complications of myopia. Methods. A 48 y.o.female complained of distorted vision and reading difficulty for 2 months prior to consultation. Updated refraction was RE:-7.00 DS (20/70); LE: -12.25 DS (LP). She was given a nutraceutical regimen of multivitamins, carotenoids, vitamins C and E, omega-3, B-complex and a-lipoic acid. FA and OCT scans were ordered. Visual acuities and Amsler grid tracings were monitored for six months after which a repeat OCT was done. Results. FA and OCT scans revealed RE- macular hole; LE- macular hole with retinal detachment. The patient refused surgery and so, supplementation was sustained. A repeat OCT after nine months showed a healed macular hole on the RE and no improvement on the LE. Amsler grid tracings improved significantly and visual acuities were much better on both eyes. Conclusions. Malnutrition can cause a lot of health problems which can affect vision. In this case, it is possible that nutraceuticals could have contributed to the spontaneous healing of the macular hole with concomitant visual improvement. This approach can be further explored and applied to other vision problems including myopia.

e-mail: emsoltura@yahoo.com
Paper 4: Lens Thickness Changes among Schoolchildren

Yung-Feng Shih, MD, Chuhsing K. Hsiao, and Luke L. K. Lin, MD, PhD
Department of Ophthalmology, College of Medicine, National Taiwan University (Y-FS, LLKL), Taiwan and Division of Biostatistics, Institute of Epidemiology, College of Public Health, National Taiwan University, Taiwan (CKH)
Purpose. The purpose of this study was to investigate the changes of lens thickness and anterior chamber depth (ACD) during school children. Methods. The data of nation-wide survey of ocular refraction among schoolchildren in Taiwan(2005) were collected. A-scan ultrasonographic lens thickness; ACD and total axial length measurements of 11656 schoolchildren(5390 boys, 6266 girls), 7 through 18 years of age were analyzed. Results. The mean lens thickness of myopic eyes(3.39 mm) were shorter than both emmetropic(3.43 mm) and hyperopic eyes(3.46 mm). In contrast, the mean ACD of myopic eyes (3.71 mm) were longer than both emmetropic (3.59 mm) and hyperopic eyes (3.51 mm). These conditions were noted among each age groups. Besides lens became thinner between age 9 to 12, not only in myopic group but also in emmetropic and hyperopic groups. Conclusions. The thinner lens may be due to lens exhausts its ability to compensate for axial elongation either myopic or normal eye growth.

e-mail: yfshih@ntu.edu.tw
Paper 5: Ocular Shape Changes During Refractive Development

Bastian Cagnolati, Niall C. Strang, MCOptom, PhD, and Lyle S. Gray, PhD
Department of Vision Sciences, Glasgow Caledonian University, Glasgow, United Kingdom

Purpose. To characterise changes in ocular dimensions and refractive power longitudinally as a function of refractive error. Methods. 140 subjects (50 hyperopes (HYP), 50 emmetropes (EMM) and 40 myopes (MYO)), with an age range of 5 to 20 years participated with informed consent in the study. Baseline mean spherical refractive error (MSE) was between -5.88D and +3.45D. The following measurements were obtained at baseline and 2 years later: 1. Axial length centrally and 19 degrees horizontally and vertically using partial coherence interferometry (Zeiss IOLMaster) and 2. Central and peripheral refraction with an open-field infrared autorefractor (Shin-Nippon NVision-K 5001). Results. Mean baseline peripheral refraction in the MYO was significantly (p<0.01) less myopic (mean difference 0.30±0.70D) than central refraction, and the axial length was significantly shorter in both the horizontal (mean difference 0.32±0.17mm, p<0.01) and vertical (mean difference 0.12±0.14mm, p<0.01) meridian. A significant (p<0.01) myopic change in central MSE of -0.44±0.72D was found in the MYO over the two year period. This was accompanied by a significant (p<0.01) increase in central axial length of 0.24±0.22mm. Mean peripheral refraction became significantly more myopic (mean difference 0.54±0.50D, p<0.01), and mean peripheral axial length increased in both the horizontal (mean difference 0.23±0.19mm, p<0.01) and vertical (mean difference 0.22±0.20mm, p<0.01) meridian. Conclusions. Both posterior ocular shape and peripheral refractive power have a prolate pattern in myopia. The prolate shape is maintained during myopic growth as similar levels of expansion occur centrally and peripherally.

e-mail: bastian@optometrie-cagnolati.de
Paper 6: Myopia, Ciliary Body Thickness, and Globe Shape

Melissa D. Bailey, OD, PhD, and Donald O Mutti, OD, PhD
College of Optometry, The Ohio State University, Columbus, Ohio
Purpose. To determine if ciliary body thickness is related to refractive error in school-age children and/or a prolate globe shape. Methods. Fifty-three children, ages eight to 14 years, were recruited. Multi-level regression models determined the relationship between ciliary body thickness measurements made with Visante Anterior Segment OCT at 1 mm (CBT1), 2 mm (CBT2) and 3 mm (CBT3) posterior to the scleral spur and cycloplegic, spherical-equivalent refractive error (Grand Seiko) or axial length (IOLMaster). Visante images were also used to obtain measurements of an anterior scleral chord through the anterior/posterior mid-point of the crystalline lens. Correlations between the globe asymmetry ratio (axial length/anterior scleral chord) and refractive error or CBT1, CBT2, or CBT3 were also investigated. Results. The mean ± SD refractive error was −1.13 D ± 2.26 (range −6.00 D to +3.44 D), CBT1 was 899.43 µm ± 121.71, CTB2 was 601.49 µm ± 101.55, and CBT3 was 326.27 µm ± 69.85. Thicker measurements at CBT2 and CBT3 were associated with increasingly myopic refractive errors (p < 0.001). Thicker measurements at CBT1, CBT2, and CBT3 were associated with longer axial lengths (p < 0.001). A more prolate globe asymmetry ratio was associated with thicker CBT3 measurements (R2 = 0.40, p < 0.01) and myopic refractive error (R2 = −0.69, p < 0.01). Conclusions. Similar to previous reports for adults, myopic children had thicker ciliary bodies than non-myopic children. A thicker ciliary body and myopic refractive error were associated with a more prolate globe shape, indicating that the relationship between ciliary body thickness and the development of juvenile-onset myopia should be further investigated.

e-mail: mbailey@optometry.osu.edu
Paper 7: Investigation of Retinal Function in Mouse after Induction of Experimental Myopia

Veluchamy A. Barathi, PhD, Chi D. Luu, and Roger W. Beuerman, PhD
Singapore Eye Research Institute (VAB, CDL, RWB) and Department of Ophthalmology (CDL, RWB), Yong Loo Lin School of Medicine, National University of Singapore, Singapore
Purpose. To investigate the retinal function in mouse after induction of experimental myopia with minus lenses and mice with plano lenses. Methods. Experimental myopia was induced for 4 weeks in 24 Balb/c mice by wearing of -10D spectacle lens or a plano lens was attached on postnatal day 10 over the right eyes. Left eyes were used as contra-lateral controls. Axial length was measured by AC-Master, OLCI (Carl-Zeiss) and refraction was measured by retinoscopy. Dark-adapted ERGs were recorded using the Espion system at 2 weeks and 4 weeks after induction of myopia. In addition, ERGs were recorded from 4 week old naive mice and then 2 weeks after recovery from myopia. All experiments were conducted under ketamine, in combination with xylazine anesthesia. Results. The dark-adapted a-wave amplitude showed a significant reduction in lens treated eyes as compared to the contra-lateral control eyes. The ERG waveforms were qualitatively similar in both right and left eyes in plano treated, naive and recovered group mice. Refractive errors of spectacle lens treated eyes were +7.5D ± 0.08, of their controls +9.5D ± 0.10 at 2 weeks and +4D ± 0.09, of their controls +11.5D ± 0.11 at 4 weeks. Axial length of spectacle lens treated eyes was 2.78 ± 0.12, of their controls 2.64 ± 0.10 at 2 weeks and 3.08 ± 0.14, of their controls 2.86 ± 0.11 at 4 weeks. Conclusions. These findings suggest that there is a reduction of ERG amplitude in the minus lens treated mouse eye and there is no change with plano lens treated eyes. Further investigation is ongoing with to understand retinal function changes during experimental myopia and after atropine treatment.
e-mail: rbeuer@pacific.net.sg

Paper 8: Development of Myopic Anisometropia after Surgery of Esotropia

Takashi Fujikado, and Hiroshi Shimojyo

Department of Applied Visual Science (TF), and Department of Ophthalmology (HS), Osaka University Graduate School of Medicine, Suita,Japan

Purpose. The diopter of anisometropic difference increased with age in school children have been reported (Shih YF, 2005), however it is not well investigated the postoperative development of anisometropia in strabismic patient. In this study, we investigated the relationship between eye position and the anisometropia in postoperative patients with esotropia (ET). Methods. Consecutive 51 patients of ET (except full accommodative ET) who visited Osaka University Hospital between 1991 and 2005 and underwent strabismus surgery were retrospectively studied. Patients with amblyopia and/or anisometropia equal or greater than 2 diopters (D) were excluded. The preoperative difference of refraction between the two eyes was 0.36±0.46D.The age of surgery ranged from 1 to 19 years (average: 6.0±6.6years). Refraction was measured postoperatively. The postoperative follow-up period was more than 3 yearｓ (average, 5.0±2.2 years). Results. At final visit, the average difference of refraction between two eyes was 0.98±1.30 D, which was significantly greater than that of preoperative value (0.36±0.46D, p<0.001). The increase of myopic anisometropia equal or greater than 2 D was observed in 7 patients (14%). In all 7 patients, the near dominant eye was more myopic compared with the fellow eye. Conclusions. Myopic anisometropia may develop in some patients after surgery of esotropia.
e-mail: fujikado@ophthal.med.osaka-u.ac.jp
Paper 9: Study of Tenon's Capsule Pathology in Progressive Myopia

Elena Iomdina, Natalia Ignatieva, Anatoly Shekhter, Nikita Danilov, Tamara Grokhovskaya, Irina Kostanyan, Natalia Minkevich, Elena Tarutta, Nino Kvaratskhelija, and Svetlana Chernysheva
Helmholtz Research Institute of Eye Diseases (EI, ET, NK, SC), Department of Chemistry, M.V. Lomonosov State University (NI, ND, TG), Academy of Medicine (AS), Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences (IK, NM), Moscow, Russia

Purpose. To reveal structural and biochemical properties of Tenon’s capsule in progressive myopia. Methods. Transmission electron microscopy, differential scanning calorimetry, western blot analysis with polyclonal antibodies against the pigment epithelium derived factor (PEDF) molecule and immune histochemistry using Kongo red staining have been used to study 116 samples of 85 eyes of patients aged 10-22 (ave. 15.0(1.3) with progressive myopia of 5,75-31.0 D and of 31 eyes of patients aged 7-23 (ave.16.5(2.0) with emmetropia or low hyperopia (control group). The samples of the Tenon's capsule were obtained during scleroplasty and surgery for squint. Results. Myopic samples demonstrated a looser and irregular organization of collagen fibrils, a fall of the mean fibril diameter (d=75.7±7 nm) and an appreciable depression of the denaturation peak temperature (Tm~ 62ºC) compared with control samples (d=87±9 nm and Tm= 65.5±1ºC). The decrease of collagen content (59±6% in myopic samples vs 70±4% of dry tissue weight in control), 2-3 times drop of the level of soluble PEDF, accumulation of the insoluble PEDF and its participation in the formation of amiloid-like fibril structures around fibroblasts were also revealed. Conclusions. Serious defects of extracellular matrix organization, the decrease of collagen stability and disorders in PEDF activity in highly myopic Tenon’s capsule were detected, which may shed light on pathogenesis of progressive myopia and the development of its complications.
e-mail iomdina@mai.ru
FREE PAPER SESSION 3: PERIPHERAL REFRACTION AND OCULAR ABERATIONS 
Chairs: Padmaja Sankaridurg and Neville McBrien

Paper 1: The Dependence of Peripheral Retinal Shape upon Refractive Error and Eye Rotation

Lyle S. Gray, PhD, Lucy A Macfadden, Dirk Seidel, PhD, and Niall C. Strang, MCOptom, PhD
Department of Vision Sciences, Glasgow Caledonian University, Glasgow, United Kingdom
Purpose. The aims of this experiment were to measure peripheral retinal shape in hyperopia and myopia using the IOLMaster, and to determine whether eye rotation affects the measurement. Methods. 20 subjects participated with informed consent in the experiment (10 myopes (MYO), 10 hyperopes (HYP)). All subjects were visually normal with VA of 0.0 logMAR or better. The mean age of the subjects was 21.4±2.2years, and all were students in the University. Cycloplegia and mydriasis were induced using 1.0% Cyclopentolate and the measurements were taken 30 mins after instillation of the eyedrops. Peripheral retinal curvature was measured with the IOLMaster (Bausch & Lomb), which measures axial length using partial coherence interferometry. 5 measures of axial length were taken at 10 degree intervals from 0-40 degree nasally and temporally using 2 different experimental paradigms. Experiment 1. Subjects rotated their eye to view an LED target array, attached to the front of the instrument. Experiment2. Subjects maintained fixation on a stationary target in the primary position while the IOL master was rotated about the centre of rotation of the eye. The data was fitted with 2nd order polynomials with a different curve being fitted to the temporal and nasal shape to take into account retinal asymmetry. Results. Results were analysed in terms of the 1st and 2nd order coefficients from the best fit polynomials. Significant asymmetry between the temporal and nasal retinal shapes was found in the MYO group (p<0.01) with the nasal retina having a flatter profile. There was no significant retinal asymmetry in the HYP group. Eye rotation produced a significant change in both temporal (p<0.01) and nasal (p<0.01) retinal profiles in the MYO group, with the shift due to eye rotation being in the less prolate direction. No significant effect of eye rotation was identified in the HYP group.Conclusions. 1. Asymmetry between the temporal and nasal retinal profiles is more pronounced in the myopic eye. 2. Ocular rotation has a substantial effect on the measurement of retinal profile in myopic eyes. 3. These factors need to be taken into account when measuring retinal shape using eye rotation.

e-mail: lsgr@gcal.ac.uk
Paper 2: On-and Off-Axis Wavefront Aberrations Of Chicken: Preliminary Study with a Shack-Hartmann Wavefront Sensor

Toshifumi Mihashi, Yoko Hirohara, Monica Howland, and Howard C. Howland, PhD
Topcon Corp. Research Institute, Tokyo, Japan (TM, YH), Cornell University, Section of Biology and Neuroscience, Ithaca, New York (MH, HCH)
Purpose. Off-axis aberrations along with on-axis ones may be important factors for emmetropization. We developed a wavefront sensor that can measure corneal and ocular aberrations of chickens. Methods. We built a prototype Shack-Hartmann wavefront sensor with a Placido ring corneal topographer. When we perform ocular wavefront sensing, the images of the anterior part of the eye were also captured. The locations of the corneal reflex and pupil center were evaluated from the anterior image, so the wavefront aberration can be related to the decentration of the corneal reflex in the pupil. Ten chicks were measured. The chicks were held by one of the authors and another author operated the instrument. Images were grabbed when the operator pushed a food pedal judging if the pupil of the eye was in an adequate position relative to he instrument for measurement. Results. In this preliminary study, only one chick was analyzed. Although we obtained 360 frames images for both SH wavefront sensing and the anterior images for the case, only 43 sets of images were used for the analysis. Because the chick was held manually and it moved its head, the pupil was often off the optical axis of the instrument. Another problem was the chick did not keep its eyes open. So, we needed many measurements. The chick we used for the analysis fixated very well and moved the eye adequately. We measured off-axis and on-axis aberrations. To confirm the validity of our measurements and analysis, we compared the decentration and COMA aberrations. We found good correlations between vertical COMA with vertical decentration, between the corneal apex and pupil (r2 = 0.76) and also found good correlations between horizontal COMA with horizontal decentration (r2 = 0.65). Conclusions. Our newly developed wavefront sensor and method is useful for measuring small animals. We also found that it is useful method for finding the off-axis amount from the corneal reflex and pupil center. The COMA was correlated with the distance from the pupil center to the corneal apex.

e-mail: mihashi@opt.topcon.co.jp
Paper 3: Peripheral Refractive Errors and Ocular Shape in Monocularly Form-Deprived Monkeys

Juan Huang, Li-Fang Hung, MD, PhD, Ramkumar Ramamirtham, PhD, Terry L. Blasdel, DVM, Tammy L. Humbird, Kurt H. Bockhorst, and Earl L. Smith, III, OD, PhD
College of Optometry (JH, ELS) and Animal Care Operations (TLB, TLH), University of Houston Houston, Texas, Vision CRC, Sydney, Australia (RR), and Medical School, University of Texas, Houston, Texas (KHB)

Purpose. To characterize the effects of form deprivation on the pattern of peripheral refractive errors and eye shape in developing rhesus monkeys. Methods. Monocular form-deprivation was imposed in 10 infant rhesus monkeys by securing a diffuser lens in front of one eye. Each eye’s refractive status was measured by retinoscopy along the pupillary axis and at 15 degree intervals along the horizontal meridian out to eccentricities of 45 degree. Control data were obtained from 7 normal monkeys. Magnetic resonance images were obtained from both eyes near the end of the diffuser rearing period. Results. The normal monkeys exhibited a low degree of hyperopia in the central retina and small degrees of relative myopia in the periphery; vitreous chamber depth was relatively constant across the central 45 deg of the retina. In response to form deprivation, 7 of the 10 treated eyes developed more myopic/less hyperopic central refractive errors than their fellow non-treated eyes. In addition, the eyes with relative central myopia showed relative peripheral hyperopia and the degree of relative peripheral hyperopia increased with the degree of relative central myopia. The interocular differences in peripheral refractive error were highly correlated with the interocular differences in vitreous chamber depth. Conclusions. Monkeys with form deprivation myopia exhibit relative hyperopic refractions in the periphery and more prolate ocular shapes. Thus, in addition to producing central refractive errors, vision-induced alterations in axial length can alter the shape of the posterior globe and the pattern of peripheral refractive errors.

e-mail: esmith@optometry.uh.edu
Paper 4: Peripheral Biometrics

Christopher A. Clark
Borish Center for Ophthalmic Research, Indiana University, Indiana
Purpose. Peripheral refractive error has been suggested as a possible stimulus for myopia progression. To date, multiple techniques have been employed to examine peripheral/central discrepancies including autorefraction, MRI, aberrometry and partial coherence interferometry. The primary aim of this study is to examine whole eye peripheral optics. Methods. 20 subjects’ peripheral refractive error (Hartmann-Shack) and axial lengths (partial coherence interferometry) were measured for central and 30 degrees temporal/nasal retina. Corneal topography was measured and analyzed using custom software for pupils at center and 30 degrees temporal/nasal. All data was normalized relative to each subject’s central measurements to allow for direct comparison. Results. Peripheral refractive error was highly correlated with peripheral axial length. Previously reported nasal/temporal refractive asymmetry was highly correlated with cornea temporal/nasal asymmetry. Conclusions. Corneal topography, aberrometry, and partial coherence interferometry are potentially useful techniques for analyzing biometrics. Peripheral refractive error exists regardless of multiple techniques which may suggest a retinal origin rather than optical. With the exception of nasal/temporal asymmetry, peripheral corneal power was not associated with changes in peripheral refraction.
e-mail: cac2@indiana.edu
Paper 5: Influence of Gender of On Off-Axis Refractive Error and Higher Order Aberrations in Myopic and Non-Myopic Children

Aldo Martinez, BSOptom Padmaja Sankaridurg, and Paul Mitchell, MD, PhD
Institute for Eye Research (AM, PS) and Vision Cooperative Research Centre(AM, PS, PM), Sydney, Australia, Centre for Vision Research, Department of Ophthalmology, and Westmead Millennium Institute, University of Sydney, Sydney, Australia (PM)
Purpose. To analyze the influence of gender on the distribution and characteristics of off-axis refractive error (RE) and higher order aberrations (HOAs) in myopic and non-myopic eyes. Methods. On and off-axis (30° temporal, nasal and inferior fields) cycloplegic RE and HOAs were obtained with a S-H aberrometer from right eyes of children in the Sydney Myopia Study (mostly 12 years old). Myopia was SE ≤-0.50D, and eyes with astigmatism >1.00D and PD<5mm were excluded from analysis. Off-axis HOAs (3rd and 4th orders) and RMS values were analyzed. Comparisons were conducted using Univariate-adjusted ANOVA with significance set at p<0.05. Results. Of the 1,603 children included in the analysis, 800 (50.1%) were M and 803 (49.9%) were F. The mean on-axis SE (right eyes) was F: 0.49 ± 1.24 (range-8.58 to 6.97) and M: 0.57 ± 1.06 (range -5.10 to 7.69) (p=0.139). More F were myopic (11.2%) in comparison to M (9.0%) and were on average -0.50D more myopic than M (F: -2.11 ± 1.51; M -1.67 ± 1.15, p=0.042). For off-axis positions, no interaction was found between SE and gender for M (p=0.618). For HOAs, (F) had lower levels of coma (p=0.011), 3rd orders (p=0.019) and HO RMS (p=0.028) than (M) but no interaction was found between RE groups and gender (coma, p=0.09; 3rd orders, p=0.08; HO RMS, p=0.107). Conclusions. Despite F being more myopic than M, no difference was found in the levels of relative off-axis hyperopia (horizontal meridian) between genders. It is unlikely that the small differences in off-axis HOAs aberrations between genders could have an impact into the development of refractive error

e-mail:. a.martinez@ier.org.au
Paper 6: Influence of Fogging Lenses and Cycloplegia in Peripheral Refraction

António Queirós, Jorge Jorge, PhD, Jose M. Gonzalez-Meijome, OD, PhD
University of Minho, Minho, Portugal
Purpose. To compare objective peripheral refraction measured with an open-view auto-refractor without cycloplegia, as well as with fogging lenses and cycloplegia to inhibit accommodation. Methods. One hundred and twenty young adults from a university population were evaluated; 80 were female (66.7%) and the age range was 18 to 28 years (mean 21.4 ± 2.2 years). Refraction was obtained with the autorefractor Grand Seiko (GS) at center and four peripheral locations in the nasal and temporal directions under four different conditions, always in this sequence: 1) without cycloplegia (GS); 2) without cycloplegia, but using a +2.00D fogging lens (GS_2D); 3) with cycloplegia (GS_cycl); and 4) with cycloplegia and with the +2.00D fogging lenses (GS_cycl_2D). Results. Spherical equivalent refraction (M) with GS_cycl, GS_2D and GS_cycl_2D were all more positive or less negative than the ones found in all refractive positions and groups with the GS. The maximum differences obtained between the four measurement techniques were, respectively for total sample, myopes, emmetropes and hyperopes +0.47D (GS_2D–GS), -0.75D (GS_2D–GS), +0.39D (GS_cycl_2D–GS) and +0.55D (GS_cycl_2D–GS). After comparing the astigmatism components J0 e J45, it was demonstrated that there were no statistically significant differences except for J45 in the central point on hyperopic patients (p=0.016, Kruskal Wallis Test). Conclusions. Any technique that seeks for accommodative response control is valid to measure peripheral refraction. For the component M, myopes behave differently than emmetropes and hyperopes, being less sensitive to the absence of accommodation control. For central and peripheral refraction, the GS_2D technique is a good alternative to the utilization of cycloplegic (GS_cycl) for myopes, as well as for the emmetropes and hyperopes.
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