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Purpose: The human eye exhibits large amounts (2.5 diopters) of longitudinal chromatic
aberration (LCA). Its impact on polychromatic image quality, however, has been shown
experimentally and by computer modeling to be small or absent. We hypothesized that
modest changes in pseudophakic LCA created by higher and lower Abbe number
materials will have little or no impact on polychromatic image quality in pseudophakic
eyes.

Materials and Methods: Using published chromatic and monochromatic aberration data
from pseudophakic eyes and higher and lower Abbe number materials (37 and 55), we
computed monochromatic point spread functions for 21 wavelengths across the visible
spectrum. After weighting by either the RGB spectra of a liquid crystal display or by a flat
white spectrum, they were weighted by the human spectral sensitivity function (V,) before
being added to generate polychromatic PSFs.

Results: In the absence of monochromatic aberrations, the reduced LCA due to higher Abbe
number intraocular lens (IOL) materials resulted in a reduction of 0.08 diopters in the mean
defocus generated by LCA. At the retinal plane, the higher Abbe number pseudophakic
model produced improvements in polychromatic modulation transfer functions (MTFs)
similar to those generated by a 0.05 diopter reduction in spherical defocus. When mono-
chromatic aberrations were added to make the model more representative of actual pseudo-
phakic eyes, the differences in image quality became sub-threshold for human vision or
disappeared completely.

Conclusion: The anticipated gains in polychromatic image quality from employing higher
Abbe number IOL materials with reduced LCA do not materialize in plausible aberrated
models of pseudophakic eyes.

Keywords: Abbe number, chromatic aberrations, IOL, image quality

Introduction

Unlike engineered optics that utilize combinations of positive and negative powered
surfaces and materials of higher and lower chromatic dispersion' to create approxi-
mately achromatic lens designs, all of the high powered optical surfaces in the
human eye have positive power. The human eye, therefore, has significant chro-
matic aberration, with spherical refractive errors varying by approximately 2.5
diopters across the visible spectrum.”> In spite of this large magnitude of ocular
longitudinal chromatic aberration (LCA), experimental studies report that polychro-
matic contrast sensitivity of phakic subjects*> and polychromatic image quality® are
only slightly reduced by ocular chromatic aberration. Furthermore, in the presence
of typical or elevated levels of monochromatic aberrations, the drop in image
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quality and contrast sensitivity created by chromatic aber-
rations approaches zero,*’ far less than expected from an
aberration exceeding 2 diopters.®’

Chromatic dispersion by the optical components of the
human eye is similar from one eye to the next,” creating little
between-eye variability in longitudinal chromatic aberration. '
However, the diversity of polymers used in the manufacture of
intraocular lenses (IOLs) create IOLs with significantly differ-
ent levels of chromatic dispersion (eg, Abbe numbers ranging
from 37-55'"), which create measurably different levels of
longitudinal chromatic aberration in pseudophakic eyes.'*'?
In the absence of typical ocular monochromatic aberrations,
higher Abbe numbers and the accompanying lower LCA can
produce significantly higher polychromatic image quality, 12
but in the presence of monochromatic aberrations pseudo-
phakic polychromatic image quality was unaffected by Abbe
number. ' Polychromatic contrast sensitivity (CS) of aberrated
pseudophakic eyes has, however, been reported to increase by
correcting LCA,'* and increase by reducing LCA with higher
Abbe number IOLs.'® These varied optical and psychophysi-
cal results create some uncertainty about the possible benefits
and costs of using high Abbe number materials in IOL

designs.

Table | Zernike Coefficients Used in Our Modeling

The present study was designed to assess the impact of
different levels of LCA present in pseudophakic eyes with
and without representative levels of monochromatic aber-
rations, which vary significantly with pupil diameter.'®
Consistent with earlier studies of phakic and pseudophakic
eyes, differences in ocular chromatic aberration created by
higher and lower IOL Abbe numbers have no detectable
impact on polychromatic image quality in optically repre-
sentative models of pseudophakic eyes.

Materials and Methods

Using published IOL parameters (Table 1 of Zhao and
Mainster'') and commercial ray tracing software (Zemax,
Kirkland, WA), the longitudinal chromatic aberration of an
age-relevant model eye'” was computed for the natural
lens case and with implanted +21 diopter IOLs made
from materials with higher (55) and lower (37) Abbe
numbers. Over the visible range (400-700 nm), LCA in
our pseudophakic models was approximately 14% more
(Abbe number = 37) and 20% less (Abbe number = 55)
than LCA in our phakic model. Scaled versions of
a chromatic model eye® with 1.14 and 0.8 times the phakic
LCA were used to define refractive state across the visible

Zernike Term Cornea' Ocular?
Mean (pm) SD (um) Abs Mean (um) | Mean (um) SD (um) Abs Mean (um)

Z3,-3 -0.101 0.145 0.141 —0.044 0.114 0.096
Z3,-1 —0.083 0.183 0.157 —0.055 0.142 0.121
Z3,1 0.000 0.193 0.15 0.009 0.106 0.082
733 0.003 0.121 0.091 0.020 0.095 0.077
Z4,-4 0.002 0.073 0.055 0.004 0.050 0.037
74,2 0.001 0.050 0.039 —0.001 0.036 0.027
74,0 0.280 0.086 0.28 0.101 0.103 0.122
742 —0.015 0.078 0.059 0.024 0.060 0.052
744 —0.026 0.072 0.059 0.027 0.052 0.046
Z5,-5 —0.004 0.056 0.044 —0.003 0.034 0.027
Z5,-3 0.007 0.038 0.029 0.014 0.031 0.026
Z5,-1 —-0.015 0.039 0.031 —0.011 0.035 0.028
Z5,1 —0.002 0.029 0.021 0.016 0.029 0.026
Z53 0.002 0.031 0.024 0.006 0.026 0.021
Z5,5 —0.005 0.054 0.042 0.009 0.033 0.027
Z6,-6 0.000 0.035 0.028 —0.005 0.029 0.022
Z6,-4 0.000 0.023 0.017 0.004 0.022 0.017
Z6,-2 0.002 0.018 0.013 0.009 0.017 0.015
76,0 —0.001 0.021 0.015 0.011 0.029 0.024
76,2 —0.002 0.026 0.018 0.004 0.024 0.018
764 0.007 0.026 0.02 0.003 0.024 0.018
76,6 —0.004 0.042 0.033 —0.004 0.029 0.023

Note: Data from these studies.

18-20
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spectrum. Using the methods described by Ravikumar,®
monochromatic point spread functions (PSFs) were com-
puted at each of 21 wavelengths across the visible spec-
trum for pseudophakic models containing the higher order
monochromatic aberrations (HOA) of older eye corneas
(HOA coefficients of a 6mm pupil diameter used for
modeling from Wang et al, 2003A)'® added to the sphe-
rical aberrations of their I0OLs,'” as well as for an older
phakic eye model (HOA coefficients of a 6mm pupil
diameter used for modeling from Wang et al, 2003B).%°
Models with representative levels of monochromatic aber-
rations did not include the signed mean HOAs, because
they are typically zero or close to zero.'®'®2% Instead, we
employed two models that included either the mean abso-
lute Zernike coefficients (3rd through 6th order), or mod-
els that used the signed mean +1 or +2 standard deviations.

Polychromatic images of two targets (Figure 1) were com-
puted. The colored picture of balloons in flight (Figure 1A)
was represented by the triplet RGB spectra used to create
colored images on electronic displays (Figure 1C), and the
white logMAR chart was represented by either the same RGB
spectra or a flat white spectrum with equal radiance at each
wavelength. Calculations were performed for a range of Stiles
Crawford Effect apodized pupil diameters (3.5mm-6mm). The
polychromatic RGB and flat white PSFs were computed by
the linear sum of each monochromatic PSF after being
weighted by the radiance spectrum of the source (flat white,
or each of the RGB spectra), and by the spectral sensitivity of
the human visual system”' (Figure 1C). For example, at 400
nm, where the defocus is approximately 2 diopters, the visual
sensitivity is 0.0025, and therefore the 2 diopter defocused 400
nm PSFs were weighted by 0.25%, whereas any defocus at
555nm was weighted by 100%, or equivalently the 555nm
PSFs contribute 400x more light to the polychromatic images
than does the 400nm PSFs. Polychromatic images were simu-
lated by convolving the polychromatic PSF with the stimuli,
and polychromatic MTFs were computed by Fourier methods.
A single flat white spectrum polychromatic image was com-
puted, but three polychromatic images, one for each of the
RGB polychromatic spectra, were computed for the RGB
stimuli.

Results
Impact of Spectral Sensitivity on the Effect

of LCA
Although LCA can exceed 2.5 diopters across the full
visible range (400800 nm),>* the maximum defocus for
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Figure | Two source images used for optical modeling. (A) A 3.4 x 3.4 degree colored
image represented by three color planes (RGB). (B) A white lightimage of a 5 x 5 degree
logMAR chart that can be represented as three separate RGB spectra (colored lines in C)
or a single flat white spectrum. The human spectral sensitivity curve is plotted in (C)
(black dashed line).

a phakic eye focused at 550 nm is less than 2D, with
a mean defocus of 0.51D. After weighting by the human
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spectral sensitivity function (CIE photopic spectral sensi-
tivity, http://www.cvrl.org, Figure 1C), the mean defocus

is reduced to 0.21D. The visually weighted average defo-
cus experienced by the higher and lower Abbe number
pseudophakic eyes is 0.17D and 0.25D, respectively,
a difference of 0.08D.

The impact of the spectral weighting imposed by
human vision (Figure 1C) can be seen by comparing the
separate RGB images (Figures 2 and 3) created by the
highly colored and the black and white stimuli displayed
on a typical liquid crystal RGB display. The three left-
most images show individually the polychromatic Blue,
Green and Red simulated images, and the right-most
image is the linear sum of these three (as it is on
a colored RGB display). The significant LCA present in
this phakic model (Smm pupil diameter) contributes to the
obvious blur in the Blue image, and also to a lesser extent
in the Red images in Figure 2. The Green images appear
well focused, because the model was made to be focused
at 550nm and most of the energy within the green spec-
trum (Figure 1C) is concentrated near to this focused
wavelength. The impact of LCA on the full RGB images
can just be detected in the right panels. After V; weighting
is applied (Figure 3), the blur within the Blue and Red
polychromatic images is greatly reduced because the

55!|¢ i

images are now dominated by the more central and better
focused wavelengths within each of the Red and Blue
spectra (Figure 1C). When the RG&B images are com-
bined, blur is difficult to detect in either image (Figure 3
right panels).

When visualizing these computed polychromatic
images, the observer’s optical imperfections will further
degrade each image, but these low pass filtering of the
observer’s eye will be the same when viewing images in
Figures 2 and 3. Notably, the subtle image differences
shown in Figures 2 and 3 are difficult to quantify visually.
Quantification of the resulting impact of LCA on poly-
chromatic image quality for RGB images can, however, be
obtained from the polychromatic RGB MTFs. Figure 4
shows these RGB polychromatic MTFs generated by
three models. When only diffraction is present (dotted
lines), the shorter wavelengths that make up the blue
image provide superior diffraction-limited image quality
(blue dotted lines). When LCA is added, the large defocus
present at short wavelengths degrades the blue MTF more
than the red and much more than the green (dashed lines),
but when V, weighting is included, the LCA-induced
demodulation of the Red and Blue images is reduced
resulting in increased image modulation (solid lines).

Although V; weighting improves the image quality of

ti32 88 £ 3
Nigg g s & °F

Figure 2 Examples of simulated RGB retinal images for a 5mm pupil diameter phakic eye model lacking monochromatic aberrations. Top row: images of a highly colored
RGB object subtending 3.4 degrees. Bottom row: RGB images of a white object subtending 5 degrees (logMAR 0.00 letters subtend 5 arc minutes). Model included LCA of
a phakic eye, but without V, spectral weighting applied to individual monochromatic PSFs.
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Figure 3 Examples of simulated retinal images with CRT spectra after V, weighting has been applied to each monochromatic PSF. Top row a highly colored object
subtending 3.4 degrees, and bottom row a white object subtending 5 degrees of visual angle (logMAR 0.00 letters subtend 5 arc minutes). Model includes LCA of a phakic

eye model, zero monochromatic aberrations.

Modulation Ratio (Image/Object)

Spatial Frequency (cycles per degree)

Figure 4 MTFs showing the impact of phakic LCA on polychromatic image quality for
a 5mm pupil model. Polychromatic RGB images from a CRT display (line color
represents display color) created with a model containing only diffraction (dotted
lines); diffraction + LCA (dashed lines); diffraction + LCA + V,, weighting (solid lines).

the polychromatic Blue and Red images, LCA still signif-
icantly lowers the MTFs relative to the well-focused poly-
chromatic Green MTF. However, when the three are added
together (Figure 3), the blur in the resulting RGB images
is difficult to detect by visual inspection largely because
the better focused Green image dominates our perception
because it contains more light because of the observer’s V,
weighting.

The MTFs in Figure 5 show flat white spectrum poly-
chromatic image quality in the presence of LCA and V;
weighting for three model eyes, one with typical phakic

A. 3.5mm pupil

Modulation Ratio (Image/Object)

Spatial Frequency (cycles per degree)

Figure 5 MTFs showing the impact of LCA on flat white polychromatic image
quality for 3.5 (A) and 4.5mm (B) pupil models. Polychromatic images are gener-
ated for models containing diffraction and LCA with V, weighted spectra.
Modulation ratios are plotted for a polychromatic phakic model (red dashed
lines), and pseudophakic models with either a higher Abbe number IOL (LCA =
80% of the phakic model, red dotted lines) or a lower Abbe number |IOL (LCA=
114% of a typical phakic eye, solid red lines). For comparison, monochromatic MTFs
for defocus of 0.00, 0.1D, 0.15D, 0.2D and 0.25 D are plotted as solid, dashed,
dotted, dash-dot, and dash-double dot black lines.
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levels of LCA (red dashed lines), one pseudophakic model
with slightly elevated LCA due to lower Abbe number
(LCA=1.14 x phakic, red dotted line), and one pseudo-
phakic model with reduced LCA due to a higher Abbe
number (LCA= 0.8 x phakic, red solid line). MTFs com-
puted for 4.5 and 3.5 mm pupil diameters (fairly typically
of older eyes in interior lighting environments set to low

2224 are shown in

photopic or high mesopic levels
Figure 5A and B, respectively. For comparison, monochro-
matic MTFs (black lines) created by diffraction + defocus
are shown for zero, 0.1D, 0.15D, 0.2D, and 0.25 diopters
of defocus. These plots confirm the earlier report by
Bradley®® that the impact of LCA in human eyes is typi-
cally less than that generated by Y4 D of pure defocus.
Significantly, the MTFs generated by the pseudophakic
models with elevated (1.14 x phakic) and reduced (0.8
x phakic) LCA differ from each other by less than the

MTF differences produced by 0.05D.

A Higher Abbe# pseudophakic model

:UNRYV E:

B Phakic model

Polychromatic Image Quality in Presence

of LCA and Monochromatic Aberrations

In the above section, the impact of LCA is evaluated for
model eyes containing only LCA and diffraction. In this
section, the models include mean absolute values of mono-
chromatic aberrations as a series of Zernike coefficients (up
to 6th order). The phakic model includes mean absolute
values of HOAs observed in phakic older eyes,”” and the
pseudophakic models employed mean absolute values of
anterior corneal aberrations'® in combination with the pub-
lished spherical aberration levels of the lower Abbe number
AMO Tecnis IOL (—0.27 microns for a 6mm pupil) and the
higher Abbe number Alcon Clareon IOL (—0.20 microns for
a 6mm pupil).'” These pseudophakic models assume no IOL
tilt or decentration. For each model, a thorough focus analy-
sis was performed to identify the spherical defocus value that
produced peak image quality (defined by maximum Strehl
Ratio and maximum Light in the Bucket*®). These optimum

C Lower Abbet# pseudophakic model

:UNRYV E:
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Figure 6 Polychromatic RGB (top row) and flat spectrum white (bottom row) images computed for 3.5mm pupils. Pseudophakic models with higher Abbe number
(LCA=80% of phakic, A), and lower Abbe number (LCA = |14% of a phakic eye, C) are compared with the phakic model (B). Pseudophakic models include diffraction, LCA,
corneal monochromatic aberrations, and spherical aberration of IOL. The phakic model includes monochromatic HOA from older phakic eyes.
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polychromatic RGB images of the balloons and the flat white
spectrum images of the logMAR chart were calculated for
the two pseudophakic and phakic models with 3.5mm
(Figure 6) and 4.5 mm (Figure 7) pupil diameters.
Differences between the images generated by each model
are not easily visible by inspection.

Flat white spectrum polychromatic MTFs from the
same two pseudophakic models are compared with those
from the phakic model for 3.5, 4.5, and 6.0 mm pupils in
Figure 8. The similarity between the three models is clear
(overlapping symbols), and for each pupil size the same
pattern is revealed: polychromatic MTFs are similar to
those produced by 0.25D of pure defocus below 15 cpd
and superior to those produced by 0.25 D at spatial fre-
quencies above 20 cpd. For each pupil size, the higher
Abbe number and lower SA model produces slightly
higher MTF values. Average MTF ratios for these two
pseudophakic models for spatial frequencies below 30
cpd are approximately 0.84-0.88 (MTF lower abbe num-
ber/MTF higher Abbe number). These MTF ratios can be

A Higher Abbe# pseudophakic model

B Phakic model

interpreted by observing that the MTF ratios for mono-
chromatic defocus of 0.25D/0.2D range between 0.8
(3.5mm pupil) to 0.7 (6mm pupil) for spatial frequencies
below the defocused MTF zeros, revealing that the differ-
ences between the two pseudophakic models would be
generated by defocus of <1/20 diopter.

The above analysis of pseudophakic models containing
diffraction, LCA and the mean absolute valued monochro-
matic aberrations is representative of phakic and pseudo-
phakic eyes, but it affords the pseudophakic models an
advantage in that we have included the mean corneal
spherical aberration of 0.28 microns (6mm pupils). The
higher Abbe number pseudophakic model is designed spe-
cifically to correct this average level of SA (eg, Tecnis
with —0.27 microns of C,”) and the lower Abbe number
pseudophakic model is designed to correct most of this
corneal SA (eg, Clareon with —0.20 microns of C,°).
However, levels of SA vary greatly between individual
do other higher 18,20,27

Therefore, we adopted a second approach to model

eyes, as order aberrations.

C Lower Abbe# pseudophakic model
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Figure 7 Polychromatic RGB (top row) and flat spectrum white (bottom row) images computed for 4.5mm pupils. Pseudophakic models with higher Abbe number
(LCA=80% of phakic, A), and lower Abbe number (LCA = 114% of a phakic eye, C) are compared with the phakic model (B). Pseudophakic models include diffraction, LCA,
corneal monochromatic aberrations, and spherical aberration of IOL. The phakic model includes monochromatic HOA from older phakic eyes.
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Figure 8 Flat white spectrum polychromatic MTFs for 3.5mm (A), 4.5mm (B), and
6.0mm (C) pupils diameters of pseudophakic models containing elevated LCA
(lower Abbe number, LCA=1.14 x phakic, blue triangles) and reduced LCA (higher
Abbe number, LCA=0.8 x phakic, red circles) and HOAs contributed by the cornea
and the IOL. Polychromatic MTFs for the phakic model (black Xs) include published
ocular HOAs for older phakic eyes. Monochromatic diffraction limited (black line)
and 0.25D defocused (black dashed line) are included for comparison.

that
included the signed mean + 1SD or mean + 2SD of corneal

representative pseudophakic eyes with models
HOAs.'® Flat white spectrum polychromatic MTFs for
pseudophakic eyes fit with higher and lower Abbe number
IOLs containing mean + 1SD or mean + 2SD of mono-
chromatic HOAs were computed, and from these MTFs,
the AreaMTF metric of image quality was calculated.?
This metric quantifies the area between the radially aver-
aged optical MTF and the neural contrast thresholds,
which is an integral of the visible contrast within the
image. Any image contrast outside of these limits either
cannot be generated or seen. To capture the through focus
characteristics of these models, we plot the image quality
AreaMTF metric as a function of defocus (0.1D incre-
ments) for 3.5 and 4.5 mm pupils (Figure 9). These results

emphasize that for eyes with HOAs not equal to the mean

(the majority of eyes), the Abbe number and spherical
aberration differences between our two pseudophakic
models have little influence on polychromatic image qual-
ity, which is dominated by the magnitude of the HOAs
(note the drop in peak IQ as pupil size increases), and level
of defocus. Also, the width of the through focus plots for
these aberrated pseudophakic models reveal no obvious
differences in depth of focus associated with small
increases or decreases in LCA.

When coma due to normal levels of IOL decentration
and astigmatism due to typical levels of IOL tilt*® were
included in the models, polychromatic image quality
declined, but again, no differences were observed between
the higher and lower Abbe number pseudophakic models.

Discussion

Because of reduced visual sensitivity at the spectral mar-
gins (a product of the wavelength specificity of optical
transparency and photopigment absorption?'), and the ubi-
quitous presence of monochromatic aberrations (both high
and low order'®), the impact of LCA on polychromatic
image quality in a typical eye is small and comparable to
that produced by <0.25D of defocus® (Figures 2—4 and 8).
Its effect is even smaller (Figures 8 and 9) as aberration
levels increase.* ®'> Contrary to initial speculation,”
pseudophakic eyes with elevated LCA exhibit polychro-
matic image quality that is indistinguishable from that of
older aberrated phakic eyes and pseudophakic eyes with
lower levels of LCA (Figures 6-9). Pseudophakic models
including HOAs (with or without IOL tilt and decentra-
tion, data not shown) revealed an absence of any clinically
significant impact of Abbe number in pseudophakic eyes
fit with currently available IOLs. Maximum differences
between these higher and lower Abbe number models
were approximately equivalent to the image changes pro-
duced by <1/20 diopter of defocus (Figure 8), and for
many aberrated pseudophakic eyes, the differences disap-
pear completely (Figure 9). This 1/20 D value has been
computed for a typical pseudophakic eye with a +21D IOL
power, and we might anticipate a slightly larger effect with
high power IOLs. For example, Nakajima et al'> report
10% higher LCA values in eyes fit with +27D lenses, and
Song et al*® report slightly larger effects of LCA in the
higher powered IOLs.

These results highlight two questions. First, the some-
what surprising observation that a 2.5D aberration has little
or no impact on image quality and vision was first addressed
by Campbell and Gubisch in 1967 who attributed the result
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" A 3.5mm +SD

Area MTF image quality metric

| B 45mm+SD

Defocus (diopters)

Figure 9 Through focus plots of the polychromatic image quality metric AreaMTF for 3.5mm (A and C) and 4.5mm (B and D) pupil diameters of pseudophakic models with
elevated LCA (1.14x phakic, blue lines) and reduced LCA (0.8 x phakic, red lines) with 2 different levels of monochromatic HOAs: (A and B) Mean+SD corneal HOAs + IOL
spherical aberration; (C and D) Mean +2SD corneal HOAs + IOL spherical aberration. Black dashed lines show equivalent calculations for diffraction-limited models.

to ocular spherical aberration. Their hypothesis was con-
firmed experimentally,” and with optical modeling,® and
demonstrated most dramatically in the study by McLellan
et al’” who argue that monochromatic aberrations are “the
eye’s defense against chromatic blur”. The explanation for
how monochromatic aberrations can mask or remove the
impact of LCA is simple. In the absence of monochromatic
aberrations, LCA will defocus the full pupil for non-focused
wavelengths. However, in the presence of monochromatic
aberrations, some parts of the pupil will actually have
improved focus due to LCA. For example, in an eye that
is paraxially focused for 550 nm, if positive spherical aber-
ration is added, LCA will defocus long wavelengths in the
pupil center but refocus them at the pupil margins.

The second issue raised by our analysis examines the
visual impact of small amounts of image degradation. The
polychromatic MTFs for the aberration-free and aberrated
models (Figures 5 and 8) reveal small, but obvious differ-
ences in the polychromatic MTFs generated by models with
different levels of LCA. However, upon visual inspection,
the polychromatic images generated by the same models

appear indistinguishable (Figures 3, 6 and 7). There are two
bases for this observation. First, typical defocus thresholds

3132 and therefore although the poly-

are about 0.25 diopters,
chromatic images are just noticeably blurred compared to the
original objects (compare Figure 1 with 6 and 7), the differ-
ences between models with different levels of LCA (approxi-
mately equivalent to <1/20D defocus) are <10% of the
defocus threshold. Also, the average MTF ratios (lower
Abbe number/higher Abbe number models) are approxi-
mately 0.8 or higher (Figures 8 and 9) or, equivalently,
polychromatic image contrast in the higher Abbe number
model is between 25% and 0% higher than in the lower
Abbe number model. Psychophysical studies of contrast dis-
crimination report contrast increment thresholds of approxi-
mately >30% for high spatial frequency and low contrast

3334 indicating that the image contrast differences

stimuli,
produced by the different pseudophakic models are subthres-
hold, which explains the perceptual equivalence of the
images generated by these different models (Figures 6 and 7).

The failure to achieve meaningful improvements in poly-

chromatic image quality in eyes implanted with higher Abbe
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number IOLs raises the issue of other consequences of IOL

Abbe number. For example, the higher Abbe number materi-

als used in IOLs achieve lower dispersion by using lower

refractive index materials (eg, nsss = 1.477) than the more

dispersive materials used in lower Abbe number IOLs (eg,

nsss = 1.555). Reduced lens curvatures and thicknesses are

possible if high refractive index materials are used,'

whereas lower refractive indices require higher lens curva-

tures, and for a given lens diameter this results in a thicker

lens. To avoid excessive thickness, optic diameters with low

. . . 35 .
refractive index materials can be reduced,” which can

increase dysphotopsias produced by peripheral light sources.

Also, the differences in polychromatic image quality gener-

ated by altering IOL Abbe number are likely to be much

smaller than those generated by other defocus sources. For

example, recent data indicate that about 28% of pseudo-

phakic eyes experience a residual spherical refractive error
>0.5D,?° which has been attributed to challenges of estimat-

ing post-op anterior chamber depth®” and post-operative IOL

axial instabilities,”® which can vary with both IOL design®”

and surgical procedure.® Unlike the absence of a measurable

visual impact of changing IOL Abbe number,

1549 the larger

spherical refractive errors attributable IOL axial power and

position errors produce significant reductions in visual
acuity.*!
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