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ABSTRACT   

Cataracts is a common ocular pathology that increases the amount of intraocular scattering. It degrades the quality of 
vision by both blur and contrast reduction of the retinal images. In this work, we propose a non-invasive method, based 
on wavefront shaping (WS), to minimize cataract effects. For the experimental demonstration of the method, a liquid 
crystal on silicon (LCoS) spatial light modulator was used for both reproduction and reduction of the realistic cataracts 
effects. The LCoS area was separated in two halves conjugated with the eye’s pupil by a telescope with unitary 
magnification. Thus, while the phase maps that induced programmable amounts of intraocular scattering (related to 
cataract severity) were displayed in a one half of the LCoS, sequentially testing wavefronts were displayed in the second 
one. Results of the imaging improvements were visually evaluated by subjects with no known ocular pathology seeing 
through the instrument. The diffracted intensity of exit pupil is analyzed for the feedback of the implemented algorithms 
in search for the optimum wavefront. Numerical and experimental results of the imaging improvements are presented 
and discussed.   
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1. INTRODUCTION  
Intraocular scattering is originated at the interaction of the light with smaller features of the ocular components such as 
cell nuclei and protein aggregates. In a common ocular pathology known as cataract, scattered light increases severely 
degrading the retinal image quality and vision quality. The amount of scattered light -or straylight- is often estimated 
through s parameter, which is equivalent to the multiplication between the retinal angle and the Point Spread Function 
(PSF) of the eye. Normally s is expressed in its logarithmic values (i.e., Log10[s]). 

In the last decades, adaptive optics has been widely applied for correction of the eye’s aberrations1. In general, those 
setups correct the aberrations of the eye using a deformable mirror or a spatial light modulator (SLM) guided by a 
Hartmann-Shack (HS) wavefront sensor. However, the performance of these instruments is limited when severe scatter 
is present, such as in cataractous eyes2. As far as we know, the first and last experiment about the optical compensation 
of intraocular scattering in vitro was reported in 1973 by Miller et al3. They could see through an extracted cataractous 
lens, retrieving its phase using interferometry for its posterior phase conjugation. This approach was never successfully 
applied in living eyes. 

In this work, we applied the Wavefront Shaping (WS) technique as an alternative towards the in-vivo correction of 
the scattering effects induced by cataracts.  

2. METHODS 
2.1 Realistic reproduction of the cataract effects 

The optics of a cataractous eye has been previously modelled using micro-spheres4 because the main effect at early states 
of cataract is the loss of contrast. However, this pathology blurs the retinal images too. Wideband phase maps generate 
angular distributions of intensity at the retina similar to those5 glare functions determined by the CIE (Commission 
International d’Eclairage)6. The phase maps are calculated as the weighted sum of cosine signals with both low and high 
spatial frequency signals. In this way, the realistic effects of the intraocular scattering are reproduced. As an example, 
Figure 1a shows a representative phase map for a young (30 years-old) healthy eye. Moreover, further amounts of 
scattered light can be addressed through their RMS amplitude as depicted in Figure 1b. 
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scattering media9. However, moderated and advanced cataracts don’t follow this rule. Further, according to the 
numerical calculations shown in Figure 3, the maximum enhancement to be achieved depends of the amount of 
straylight. It suggests that cataract compensation using WS cannot be comparable with previous studies using high-
scattering media. 

Small objects were experimentally retrieved using a setup based on the double pass through a single LCoS device 
that simultaneously adds and compensates scattering. As shown in Figures 4 and 5, main compensation effects are 
deblurring. However, effects of uncorrected scattering must be evaluated.  

Forty-five years after the first attempt for the in-vitro optical compensation of the intraocular scattering cataract 
effects3, we present the first results using an alternative solution based on wavefront shaping. Further analysis, including 
psychophysical visual tests, should be performed to determine the requirements and limits of this technique for cataract 
correction. 
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