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Correlation between polychromatic image quality metrics to
predict visual acuity in pseudophakic patients
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Abstract. The optical quality of three multifocal intraocular lenses (MIOLs) was measured in vitro using
the area under the modulation transfer function (MTFa) and energy efficiency (EE). We evaluated those
metrics through-focus (TF) by axially scanning the image space with three wavelengths (R, G, B). High
linear correlation between MTFa and EE was found for all cases. Correlations between optical in vitro
results (polychromatic TF-MTFa and TF-EE) and clinical visual acuity (VA) defocus curves for the three
MIOLs allowed us to derive mathematical expressions. Both metrics proved to be equivalent to predict
postoperative VA.

1 Introduction
Cataract surgery is evolving from a solution to visual
impairment to a refractive solution. The use of
multifocal intraocular lenses (MIOLs) is increasingly
widespread to improve the refractive performance.
By analyzing the through focus optical quality of
MIOLs, Marsack et al. [1] concluded that MTFa and EE
-through the light-in-the-bucket (LIB) estimate- were
among the six PSF-based metrics that accounted for over
70% of the variance in postoperative LogMar VA.

2 Method
To obtain in vitro the images produced by the MIOLs,
we used the on-bench eye model described in detail in
[2]. The system met the standards of the International
Organization for Standardization, ISO 11979-2: 2014.
We have studied three MIOLs: a FineVision PODF
(Physiol), a Versario 3F (Bausch+Lomb), and a Tecnis
Symfony (J&J Vision), all of them with a diffractivebased design and 20D base power. These lenses have an
addition between + 3D and + 3.5D for the near focus and
between + 1.5D and + 1.75D for the intermediate focus.
We measured MTFa and EE to study the trough-focus
MIOL performance. MTFa is the area under the MTF
curve for the range of frequencies of interest in vision.
We measured the MTF in two perpendicular directions
by placing a cross-line object of 10 microns slit width.
We integrated the average MTF up to the 50cyc/mm
(15 cyc/degree). We imaged a pinhole and measured
EE from the LIB estimation as reported in detail
elsewhere [3]. Each MIOL image space was TF scanned
sequentially with blue (B) 455nm, green (G) 530nm and
red (R) 650 nm wavelengths.
*

The clinical data were obtained from 102 eyes of 52
patients recruited in two clinical trials carried out at two
ophthalmology centers. Both studies were prospective,
consecutive and non-randomized and followed the tenets
of the declaration of Helsinki. The patients underwent
bilateral and symmetrical cataract surgery followed by
MIOL implantation into the capsular bag. Previously,
they had been fully informed about the study and signed
a consent form. The local ethics committee approved the
corresponding trial. Monocular defocus VA curves from
−5.00 D to + 3.00 D, with the patients wearing their best
distance correction, were measured during the last
postoperative follow up.

3 Results
Figure 1 shows the TF-MTFa (A) and TF-EE (B) curves
for a MIOL (FineVision) with 3mm pupil. Both groups
of curves appear to be very similar for each wavelength.
The polychromatic TF curves (black line) are computed
from linear combination of the RGB curves weighted by
their photometric coefficients.
Figure 2 depicts, for every MIOL and wavelength,
the (MTFa, EE)x pairs at each defocus position x(D).
The figure reveals very good linear correlation between
MTFa and EE (R2 > 0.96).
Following the methodology described in closely
related studies [4,5], Figure 3 shows in blue dots the
clinical VA(x) outcomes versus a polychromatic (poly)
function for every defocus or image vergence (x): (A)
MTFa_poly(x) and (B) EE_poly(x). We fit the points of
Figures 3 (A, B) to either exponential functions (green
solid line) (Eqs. 1, 2).
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Fig. 1. MTFa vs. EE for the three MIOLs with 3mm pupil
and three wavelengths (R, G, B dots). Best linear fit (yellow).
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The results show, in agreement with former works
[4,5,7], non-linear relationships between VA and both,
MTFa_poly and EE_poly. The mathematical functions
that fit the data of Figure 3 with high correlation
coefficients, R2 = 0.94 for VA vs MTFa_poly (Eq. 1)
and R2 = 0.90 for VA vs EE_poly (Eq. 2), clear a path to
predict average VA of pseudophakic patients from
objective on-bench quality metrics. In the conditions of
our study, TF-EE is a very useful optical metric that can
replace MTFa as a preclinical quality parameter.
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Fig. 3. Clinical Visual Acuity versus polychromatic (A)
MTFa_Poly and (B) EE_Poly for 3mm pupil (blue dots).
Exponential fits (green line).

Fig. 1. Monochromatic R, G and B MTFa (A) and EE (B)
versus defocus (at spectacle plane) obtained with 3mm pupil
for the FineVision MIOL. Polychromatic functions in black.
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MTFa and EE are objective metrics to assess in-vitro the
optical image quality of MIOLs; the larger the value of
any of these two metrics, the better the optical quality.
Our experimental results (Fig. 2) show a clear linear
correlation between MTFa and EE values (R2 > 0.96).
Prior research [4-7] showed the potential of MTFa as a
preclinical metric for predicting average postoperative
VA at different defocus values. In this work we have
proved the ability of the EE metric to predict clinical VA
outcomes of patients implanted with three different
designs of MIOLs.
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