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Assessment of Visual Acuity after Implantation of Gradient
Multifocal Lenses
T. A. Morozova1* and G. I. Rozhkova2

The aims of the present work were to analyze existing methods of testing visual acuity and to undertake a com
parative study of visual acuity at different distances after implantation of multifocal gradient intraocular lenses
using modified ETDRS tables with Russian letters and the decimal system. The study data did not identify any
statistically significant differences between measures of visual acuity obtained using the logarithmic and decimal
systems. Use of ETDRS tables with Russian letters allows the procedure to be standardized for multinational
clinical trials and exchange of databases.

Multifocal intraocular lenses (IOL) of the “premi
um” class are currently widely used in ophthalmological
practice [16]. Many clinical trials have been performed
in a variety of countries after implantation of multifocal
IOL [14, 6]. On this background, the question of stan
dardizing clinical investigations is relevant in terms of
appropriate comparative analysis [4].
One basic and obligatory measure of the state of the
visual functions required for objective comparison of
results obtained by different investigators is visual acuity
[7]. There are various methods for assessing visual acuity,
though the most widely used are tables; different coun
tries traditionally use their own tables. It is long since
standards for testing visual acuity in Russia have been
reviewed. Historically, Sivtsev and Golovin tables have
been used. Sivtsev tables have 12 rows of uppercase let
ters and seven letters of the Russian alphabet are used: Ш,
Б, М, Н, К, Ы, and И. Golovin tables contain 12 rows of
Landolt rings (four versions with different gap locations:
top, bottom, right, and left). Automated projection sys
tems later came into use with optotypes in the form of let
ters, numbers, Landolt rings, and other figures.
The term “visual acuity” was introduced in the mid
dle of the 19th century by Donders, who defined this con
cept and suggested measuring visual acuity in relative
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units, by comparing the visual ability of a subject with an
arbitrary “standard eye” with a resolving ability corre
sponding to one arc minute (1′) [8].
The history of the development of the scientific
approach to testing the quality of vision in most European
countries started in 1843, when the German ophthalmol
ogist Küchler raised the question of the need for stan
dardization of studies of visual ability and suggested using
tables containing rows of printed letters of different sizes
for this purpose. To exclude the influences of possible
memory of the letters on vision test results using these
tables, Küchler created three interchangeable tables with
identical size gradations but different sets of letters. Then,
in 1854, the Viennese oculist Eger improved the Küchler
tables and published them in German, French, English,
and other languages. He used scripts which at that time
were used in the Viennese state typography. In 1862, the
Dutch ophthalmologist Snellen, a pupil of Donders, pub
lished in Utrecht the first tables not using typographical
scripts but specially designed alphabetic symbols with
simplified characteristics [9]. Snellen called these special
signs “optotypes.” In 1888, Landolt introduced optotypes
consisting of rings with gaps (now known as Landolt
rings) into practice, which were subsequently recom
mended as the international standard. Among the non
alphabetic optotypes apart from Landolt rings, socalled
“tumbling E”s have also received wide use. These were
proposed in 1978 by Taylor, using the then current table
design principles (Tumbling E Chart [8]) for testing visu
al acuity in illiterate people. The rows of these tables con
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sist of symbols resembling the letter E written in squares
with four different orientations.
The International Standardization Organization has
developed standards for testing visual acuity, recom
mending the use of tables with Landolt rings [1012].
Despite these recommendations, clinical practice abroad
has until recently made wide use of letterbased Snellen
tables.
With time it has become apparent that these have a
number of drawbacks, which should be eliminated. In
particular, the structure of Snellen tables does not follow
consistent rules: the numbers of letters in different rows
are different, the distances between letters are not pro
portional to their sizes, the rows are not balanced in terms
of the total probability that all the letters within them
would be recognized, the letter size increments from row
to row do not provide for consistent measurement accu
racy at different parts of the working range of visual
acuities. These and other disadvantages have the result
that Snellen tables do not provide reliable measures of
visual acuity or consistent conclusions when results from
different studies are compared.
In 1982, Ferris et al. proposed standardization of the
method for measuring visual acuity using their Early
Treatment Diabetic Retinopathy Study (ETDRS) tables
[13, 14]. These tables contain optotypes in the form of
Sloan letters, with a proportional design and a uniform
coefficient of decreasing size from the upper rows to the
lower (1.2589fold) corresponding to a step of 0.1 in the
LogMAR system (the logarithm of the Minimum Angle of
Resolution). The creators regarded the fact that the set of
optotypes excludes the letters which are the easiest and
most difficult to read, as well as particular combinations
of letters giving identical recognition difficulty in each
row, as an important characteristic of these tables.
ETDRS tables subsequently entered wide use in clinical
and scientific studies and were approved as a standard by
the Vision Committee of the American Academies of
Sciences − National Research Council [15].
In relation to the use of logarithmic scales for opto
type sizes in the structure of the tables, it was recom
mended that visual acuity should be expressed in logarith
mic units. Using the proposed logarithmic scale, higher
visual acuity corresponds to smaller values, the best have
negative values, and the arbitrary normal corresponds to a
value of zero, which makes the analysis process difficult
[16].
ETDRS tables were initially developed to assess
changes in visual acuity after panretinal laser photocoag
ulation in patients with diabetic retinopathy. The result of
these studies was that the potential of obtaining suffi
ciently accurate and reliable values was demonstrated,
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after which these tables also came into use for measuring
visual acuity in cataract and refraction surgery.
Standard ETDRS tables include 10 Sloan optotypes,
which are letters of the English alphabet.
For patients using the Greek alphabet, the Cyrillic
alphabet, and the alphabets of Central Europe, the letters
C, D, R, N, V, S, and Z in analogous ETDRS tables are
replaced by E, P, B, X, Y, A, and T, respectively [15]. As
different systems of units are currently used for assess
ment of visual acuity, tables for reference levels usually
show two or three values in parallel (in the LogMAR sys
tem, in decimals, as Snellen fractions). Furthermore,
there are conversion tables whereby visual acuity meas
urements in one system can be expressed in units of
another.
To provide for assessment of the results of clinical
trials conducted in the Russian Federation using interna
tional standards and to eliminate problems when special
ists from different countries interact during performance
of international projects, there is a need to create Russian
versions of the ETDRS tables.
Collaborative work between the Academician S. N.
Fyodorov Eye Microsurgery CSTS, the Research Center
of the University of Crete (UoC), and Precision Vision
Inc., a leader in the development and manufacture of
ETDRS tables, led to the creation of modified ETDRS
tables with specially developed optotypes based on the
Cyrillic alphabet [4, 15]. The introduction of analogs
of ETDRS tables with letters from the Russian alphabet
will not only avoid the hindrances to comparing results
from clinical and statistical studies performed in differ
ent countries, but will also provide for exchange of data
bases between specialists in different ophthalmology
centers.

Aims
To conduct comparative clinical investigations of
visual acuity after implantation of multifocal IOL with
gradient optics using a variety of measurement methods
and to assess the possibility of standardizing studies of
visual acuity using different methods.

Materials and Methods
A study of visual acuity over time was conducted in
41 patients (12 men, 29 women), mean age 66.4 ± 5.15
years, with monocular implantation of multifocal gradi
ent IOL after ultrasound phacoemulsification of cataract
performed using standard methods.
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Fig. 1. A newgeneration Gradiol (ReperNN., Nizhny Novgorod)
multifocal intraocular lens with gradient optics.

The optical part of the multifocal IOL with gradient
optics (Fig. 1) contains internal and external compo
nents, made using a combination of modifications of the
optical material − oligourethane methacrylates with dif
ferent refractive indexes, 1.4795 and 1.520. The diameter
of the optical part of the IOL was 6 mm and the total
diameter of the lens (with two haptic elements) was
12 mm. The gain in optical strength between the compo
nents was by 3.5 diopters.
The quality of vision was studied monocularly at dif
ferent distances assessing visual acuity at a long distance
(4 m), a close distance (33 cm), and an intermediate dis
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tance (66 cm) at different postoperative time points: one
day, one month, and three months.
Measurement of visual acuity used the following
methods: 1) modified ETDRS tables with optotypes
based on the Russian alphabet [for distances of 33 and
66 cm (Fig. 2) and 4 m]; 2) a Topcon (ACP8) CV5000
computerized phoropter (Topcon Corporation, Japan)
with standard optotypes (for a distance of 4 m);
3) Russian tables with text fragments in selected scripts of
different sizes for determination of visual acuity at near
distance.
Modified ETDRS tables had a proportional design
with a step in size change from row to row of 0.1 LogMAR
and giving visual acuity on the logarithmic LogMAR scale
and decimal units. Tables used a set of 10 letters of the
Russian alphabet: A, B, E, K, M, H, O, P, T, and X.
Cords attached to the table ensure clearly defined
distances (33 and 66 cm) for investigation of visual acuity
at close and intermediate distances respectively.
Visual acuity in the LogMAR system is defined on the
basis of the value printed by the last row fully read with
out errors and −0.02 is added for each correctly read let
ter from the row below. The constant value of the incre
ment per row throughout the table is determined by the
constant difference between rows (−0.1 LogMAR) and the
identical number of letters per row (5).

Fig. 2. An ETDRS table in Russian for testing visual acuity at close (33 cm) and intermediate (66 cm) distances.
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An obligatory requirement in studies of visual acuity
is a defined level of illumination of the test location.
Background illumination affects the level of adaptation of
the retina. According to the ANSI (American National
Standards Institute) standard, the mean illumination of
the room should be 258 Lx. This requirement is odd: from
the physiological point of view, precision to three decimal
places is meaningless, while from the technical point of
view this is unrealistic, if only because even using the
same room and the light source in the working cabinet,
the third decimal place in the mean illumination level will
depend on the lightness of clothing and the positions of
people and objects. In this study, the mean illumination of
the location was about 250 Lx; it was monitored using a
Yu116 portable photoelectric light meter.

Results
The results of the study of the dynamics of increased
visual acuity after surgery are presented in Table 1.
One day after surgery, the functioning of the visual
system was quite high (Table 1).

Measurements made at one and three months (the
time at which neural adaptation is complete) after surgery
showed improvements in visual acuity for long distance,
close distance, and intermediate distance (Table 1).
Statistical analysis of the data showed that in most
cases there were no statistically significant differences
between visual acuities measured using different methods
(see Methods section) in identical conditions (time after
surgery, observation distance) in terms of the significance
criterion p.

Conclusions and Discussion
The comparative study of the dynamics of improve
ments in visual acuity in patients after implantation of
multifocal IOL using different measurement methods
showed that all means tested gave close results with good
agreement between them. In most cases, statistical analy
sis showed no significant difference between measures of
visual acuity obtained using Russified printed ETDRS
tables, a Topcon (ACP8) CV5000 phoropter (symbol
projector), and Russian tables for near distance as tradi

TABLE 1. Measures of Visual Acuity for Different Distances (4 m, 66 cm, and 33 cm) in Patients after Implantation of Multifocal Gradient IOL at
One Day, One Month, and Three Months after Surgery
Visual acuity
after surgery

Measurement
system

Time after surgery
1 day

p

1 month

p

3 months

p

Far distance
without correction

LogMAR
Decimal
Converted value

0.162 ± 0.06
0.750 ± 0.18
0.140 ± 0.11

p < 0.175

0.106 ± 0.04
0.800 ± 0.10
0.100 ± 0.05

p < 0.327

0.151 ± 0.05
0.740 ± 0.19
0.150 ± 0.12

p < 0.002

Far distance
with correction

LogMAR
Decimal
Converted value

0.081 ± 0.04
0.830 ± 0.11
0.080 ± 0.06

p < 0.298

0.088 ± 0.04
0.850 ± 0.08
0.080 ± 0.04

p < 0.922

0.058 ± 0.05
0.900 ± 0.12
0.050 ± 0.06

p < 0.000

Intermediate
distance
without correction

LogMAR
Decimal
Converted value

0.217 ± 0.07
0.670 ± 0.23
0.200 ± 0.13

p < 0.412

0.291 ± 0.04
0.560 ± 0.11
0.270 ± 0.08

p < 0.882

0.230 ± 0.08
0.660 ± 0.19
0.220 ± 0.10

p < 0.047

Near distance
without correction

LogMAR
Decimal
Converted value

0.400 ± 0.04
0.430 ± 0.09
0.380 ± 0.09

p < 0.64

0.330 ± 0.04
0.500 ± 0.10
0.310 ± 0.09

p < 0.825

0.266 ± 0.05
0.560 ± 0.12
0.260 ± 0.08

p < 0.001

Near distance
with correction

LogMAR
Decimal
Converted value

0.290 ± 0.06
0.570 ± 0.18
0.270 ± 0.16

p < 0.104

0.226 ± 0.05
0.700 ± 0.13
0.220 ± 0.09

p<0

0.082 ± 0.04
0.860 ± 0.09
0.070 ± 0.04

p < 0.000

Note: p for the significance of differences calculated between data obtained in the LogMAR system and the decimal scale (after conversion of VD
to VL using a conversion table) for different distances.
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tionally used in Russian clinics. The absence of differ
ences can in part be explained by a circumstance hinder
ing the detection of advantages and disadvantages of the
methods under comparison: the measured visual acuity
values mainly fell into the midpart of the working range,
while the methods used gave significant differences in
terms of measurement precision only for extreme values
of visual acuity (very low and very high).
The main measurement range required for working
with such patients is 0.41.0 on the decimal scale and 0.4
0.0 on the logarithmic scale. Within these ranges, all visu
al acuity measurement methods used in this study provid
ed good measurement accuracy (with errors of 1015%),
so it is not surprising that no statistically significant dif
ferences were found between data recorded using differ
ent methods.
As an obligatory requirement for assessment of the
quality of vision in patients with multifocal IOL is deter
mination of visual acuity at different distances, the most
convenient methods are currently the use of russified
ETDRS tables, as the set of these tables (for 33 and 66 cm
and 4 m) covers the required distances, their structure
corresponds to contemporary standards, the measure
ment protocol is clearly described, and visual acuity is
given in both the logarithmic and decimal systems.
Studies of visual acuity using the LogMAR system
and the decimal scale provide the opportunity to assess
functional results and the dynamics of visual functions in
patients after surgery for cataract and implantation of
multifocal IOL (with gradient optics).
The use of modified ETDRS tables with optotypes in
Russian letters allows qualitatively comparable analysis to
be conducted in clinical studies of multifocal IOL of dif
ferent construction, performed by nonRussian investiga
tors, without additional computation or use of conversion
tables. Measurement of visual acuity on the background
of multifocal correction significantly broadens the spec
trum of studies: visual acuities at close, far, and interme
diate distances are measured without correction and with
correction, and visual acuity is also often tested with cor
rection for far distance. Analysis of the results of multifo
cal correction dictates special requirements for visual
acuity measurement methods: they must be reliable and
standardized.
The significance levels of data obtained using the
decimal scale and the LogMAR system were comparable.
The ability to increase the accuracy of the results by
adding the “cost” of letters correctly recognized in the
row following the last completely read row is regarded as
a specific advantage of ETDRS tables. However, analo
gous interpolation approaches can be used with virtually
any tables and measurement units. Theoretically, there is
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nothing preventing use of the method of calculating visu
al acuity in the LogMAR system considering each opto
type for the decimal scale, which we will do in our future
investigations and recommend for wide use, as this
method allows study reliability to be increased. Theore
tically, the same aim can be achieved by decreasing the
step for changes in size from row to row by up to 10%, as
such steps correspond to sufficient accuracy for assess
ment and are actually achievable using measurement
tables. In ETDRS tables, the step is very large − 26% − so
there is a requirement for interpolation increases in visu
al acuity measurement accuracy.
Assessment of visual acuity at intermediate distance
is currently possible only using ETDRS tables with deci
mal or logarithmic scales, because of the lack of other
tables and optotypes.
In addition, the reliability of studies of visual acuity
at near distance on the decimal scale is decreased because
of the lack of accurate control of the measurement dis
tance (33 cm).
The proposed method of verifying visual acuity using
modified ETDRS tables now provides for standardization
of this procedure for multinational clinical trials.
The authors would like to thank T. Z. Kerimov and
E. N. Kruttsova for technical assistance.
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