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Figure 1. Intraocular lenses and model eye used in the study. (a) 
Morcher Black Diaphragm Iris (BDI) Aniridia implant 67B (b) 
Morcher BDI aniridia implant 67F(c) Morcher BDI aniridia implant 
67G (d) Morcher BDI aniridia implant 67L (e) Morcher BDI aniridia 
implant 68 (f) Morcher BDI aniridia implant 94A (Morcher GmbH, 
6WXWWJDUW��*HUPDQ\���J��$UWL¿FDO�,ULV�VLOLFRQH�SURVWKHVLV�ZLWK�EURZQ�
LULV�SLJPHQWDWLRQ��K��$UWL¿FDO�,ULV�VLOLFRQH�SURVWKHVLV�ZLWK�KD]HO�
LULV�SLJPHQWDWLRQ��L��3RVWHULRU�EODFN�RFFOXVLYH�DVSHFW�RI�$UWL¿¿FDO�
Iris implant (Dr Schmidt Intraocularlinsen GmbH). Lens images 
presented taken by author using a macro enabled digital camera.
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3XUSRVH� To evaluate the optical performance of different 
possibilities of implants in a high hyperopic eye
0HWKRGV� IOL models were designed and optimized in an optical 
design software (Radiant Zemax® v13.0. LLC, Redmond, WA) using 
D�PRGL¿HG�/LRX�DQG�%UHQQDQ�H\H�PRGHO��)RXU�GLIIHUHQW�,2/�SRZHUV�
were created: 20, 30, 40 and 60D lens. All the lenses were aspheric 
and optimized to have spherical aberration equal to zero. A different 
PRGL¿HG�/LRX�DQG�%UHQQDQ�H\H�PRGHO�ZLWK�GLPHQVLRQV�FRPSDUDEOH�
to a nanophthalmic eye was used for testing 5 different implant 
options. Option 1: a single 60D IOL. Option 2: two 30D lenses. 
Option 3: a 20D IOL (anteriorly) and a 40D lens (posteriorly). Option 

4: a 40D lens (anteriorly) and a 20D IOL (posteriorly). Option 5: 
three 20D lenses. A 3 and 5mm pupils were used. The total root mean 
square (RMS) of the wavefront error and spherical aberration were 
recorded for analysis. The area under modulation transfer function 
(MTF) curve was calculated and normalized by the diffraction limit.
5HVXOWV� MTF analysis shows that the single aspheric high-power 
IOL had the closest curve to the diffraction limit of the eye. For 
the 5mm pupil, the area under the MTF curve normalized by the 
diffraction limit was 0.4619 for the single IOL and 0.2867 ( 0.0256 
(p=0.001) for the piggyback models. Total wavefront RMS error was 
0.3202+m for the 60D lens and 0.0694 ( 0.0512+m (p=0.001) for the 
multiple implants and the spherical aberration was 0.1809+m versus 
0.3207 ( 0.0284+m respectively (p=0.002).
&RQFOXVLRQV� The computer simulation showed that one single 
high-power aspheric IOL had a better optical performance than 
piggybacking lower-power aspheric IOLs. MTF analysis revealed 
that a single high-power lens provides higher contrast sensitivity 
when compared to the piggyback options.
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3XUSRVH� The gradient index (GRIN) plays a key role in the 
crystalline lens optical properties, yet most current estimations are in 
vitro. We provide computational and experimental evidence to extend 
a method previously applied in vitro and reconstruct both the GRIN 
and posterior lens surface using optical coherence tomography (OCT) 
images obtained from multiple projections.
0HWKRGV� Optical path difference (OPD) between anterior and 
posterior surface of a simulated 4-variable (nucleus/surface refractive 
indices nN/nS; axial/meridional decay pa/pm) GRIN lens were 
calculated for different angles of the entry rays (0 and 30 deg in 
air). Gaussian error (m=10 +m) was added to the data to simulate 
experimental error. A global search algorithm was used to search the 
GRIN variables and the posterior surface shape that best matched the 
OPD data. The reconstruction error using different projections was 
compared.
As a demonstration, four in vitro cynomolgus monkey lenses were 
imaged using the probe of a commercial OCT system (ENVISU 
R4400, Bioptigen, Inc.) mounted on a rotational stage at different 
angles from -45 to 45 deg (5-deg steps). The anterior surface was 
used for registration purposes. The OPD of the rays passing through 
the lens was used to reconstruct the GRIN variables and the posterior 
VXUIDFH�VKDSH��DV�GHVFULEHG��7KH�OHQV�ZDV�ÀLSSHG�XS�DQG�LPDJHG�IRU�D�
direct measurement of the posterior lens surface.
5HVXOWV� While on axis OCT images alone provided a poor 
reconstruction of the GRIN variables and the posterior surface shape, 
using input data from multiple angles (0 and 30 deg) allowed high 
accuracy in the estimated parameters on the simulations: mean errors 
of 0.007 and 0.004 for nS and nN, and near 1 for axial and meridional 
exponential decay; and 0.3 mm and 0.1 for posterior surface shape R 
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