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Abstract

charts are adequate for the calibration of reading charts.

Purpose: To evaluate microscopically whether the print quality and accuracy of sizing of Landolt ring near vision

Methods: Near vision charts with Landolt rings from Oculus GmbH (C-Test; Wetzlar, Germany), Precision Vision
(Woodstock, IL) and the RADNER Charts were examined, as well as custom-made Landolt rings optimized for print
quality. Microscopic investigations and measurements were performed by using a Huvitz HSZ 600 stereomicroscope
(Nikon NIS Elements software) to evaluate the height of the Landolt rings, the thickness of the lines, and the width of
the openings. The deviations from the mathematically correct values, which were calculated as given in the EN/ISO
8596 and by the International Council of Ophthalmology (ICO), were analyzed (calculated for a test distance of 40 cm).

Results: All the near vision charts showed notable deficiencies in print quality and aberrations from the nominal
values in the height, thickness of the lines, and width of the openings. The openings were too narrow, whereas the
height and thickness of the lines were larger than the nominal values. Even the openings of Landolt rings optimized
for print quality were not always within an acceptable 5% tolerance and need further improvement.

Conclusion: This study reports inaccuracies in the heights, thicknesses of the lines, and widths of the openings of
Landolt rings in all the near vision charts investigated. The extent of these inaccuracies excludes such near vision
charts as reference tests for the calibration of reading charts. The x-height in relation to the visual angle still seems to
be the most reliable method for standardizing the print sizes for reading charts.
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Background

Since there is an increasing need for well-standardized
reading charts in research concerning refractive sur-
gery, the “Near Vision and Accommodation Committee
of the American-European Congress of Ophthalmology
(AECOS)” has analyzed methods for investigating near
vision and intermediate vision and has recommended
ETDRS-format near vision charts and the RAD-
NER Reading Charts [1]. In addition, as there is no
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international norm for near vision charts, the Inter-
national Organization of Standards (ISO) has recently
approved a proposal to establish an ISO standard for
reading and near vision charts and has installed a work-
ing group. Together with the already existing standard of
the International Council of Ophthalmology (ICO), such
initiatives raise the question of how to achieve homolo-
gated reading charts and, in particular, how to calibrate
reading charts [2-5].

The quality and calibration of vision tests using opto-
types are important for clinical and research purposes.
This is also true for near vision charts and reading charts
as tests used in human subjects should be calibrated and
manufactured in the best possible quality. For distance
acuity, optotypes have to be calibrated with Landolt
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rings by means of a comparative psychophysical study
in at least 10 participants that is given in the ISO/TR
19498:2015 [6]. Accordingly, optotypes can be deemed
equivalent to the Landolt ring when the mean visual acu-
ity of a group of at least 10 participants is within +0.05
log-units of the mean obtained with the Landolt ring, and
when the standard deviation (SD) does not exceed 1.5
times the SD of the Landolt ring. However, it is unclear
whether this or a similar method can also be applied to
calibrating reading charts.

Modern reading charts are designed in accordance
with the already existing standard of the ICO and use the
x-height (height of a lower case x) of a type font [2-5].
The x-height must subtend a visual angle of 5 min of
an arc as specified for a particular test distance (usually
40 cm) and geometrically increase (or decrease) by a fac-
tor of 10 to the power of 0.1. The Landolt ring was first
introduced by Landolt in 1888 [7], and in 1907 it became
the standard optotype at the Congress of the ICO in
Naples [8]. Today, this standard is defined in the norm
EN/ISO 8596 [9]. Landolt rings are constructed accord-
ing to the principles postulated by Snellen for optotypes
in 1864 [10]: (a) the height and width of an optotype have
to subtend 5 min of an arc related to a specific test dis-
tance; (b) the thickness of the lines of which an optotype
is constructed must be one-fifth of the optotype’s height,
a rule that is (c) also valid for the blank opening of the
Landolt ring, which also has to be one-fifth of the opto-
type’s height. For manufacturing distance visual acuity
charts with Landolt rings, the standard EN/ISO 8596 [9]
and the standards postulated by the ICO [4] allow aber-
rations (tolerances) from the mathematically calculated
nominal values of the geometrically progressing sizes.
For EN/ISO 8596, the permissible tolerance is 5% until
—0.2 logarithm of the minimal angle of resolution (log-
MAR) and £10% for — 0.3 logMAR. In Chapter V of the
ICO standard, a deviation of not more than £3% from
the geometric progression is recommended, and a maxi-
mal acceptable tolerance of +5% is postulated for clinical
purposes [4].

It is therefore evident, that lower case letters of a type
font and Landolt rings differ in construction. Further-
more, the spacing between lower case letters is much
smaller within words than between Landolt rings on
a near vision chart. Thus, although both the x-height
and the Landolt ring are of the same height as those are
standardized to subtend 5 min of an arc for a specified
test distance there are psychophysically relevant differ-
ences in construction and layout between reading charts
and near vision charts using Landolt rings. Further-
more, only a small area of the fovea can be investigated
with Landolt rings, which represents angular visual acu-
ity (detail vision) [11], while for reading, a much larger
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area of the retina is involved. Reading charts investigate
a functional aspect of vision that is of importance for
our patients to accomplish necessities of everyday life
(functional vision) [11]. Accordingly, it has been shown
that visual acuity obtained with single optotype can sig-
nificantly differ from reading acuity in several diseases
[12, 13]. Thus, near vision charts using Landolt rings and
reading charts investigate different psychophysical tasks
that cannot unconditionally be compared.

Given that (a) Landolt rings in near vision charts and
lower case letters of reading charts differ in construc-
tion, (b) according to EN/ISO 8596, the spacing between
the Landolt rings is supposed to avoid crowding, which
is a psychophysical aspect of reading charts [4, 9, 13], (c)
distance vision and near vision are different visual tasks
[11-14], and (d) it is unclear whether near vision charts
with Landolt rings are available that qualitatively allow
a valid psychophysical comparison, the suitability of
using Landolt rings to calibrate reading charts remains
questionable. Nevertheless, the key question is: are near
vision charts available that provide Landolt rings of suf-
ficient size and print quality to allow a valid and reliable
psychophysical calibration? Therefore, this study was ini-
tiated to determine by means of a microscopic measuring
system whether the print quality of commercially availa-
ble near vision charts based on Landolt rings is sufficient
for a valid calibration of reading charts.

Methods
Commercially available near vision charts with Landolt
rings were obtained from Oculus GmbH (C-Test; Wet-
zlar, Germany) and from Precision Vision (Woodstock,
IL, USA). For each test, two versions were investigated.
The C-Test consists of two charts: one in which the dis-
tances between adjacent Landolt rings (six Landolt rings
per line) is 30 min of arc and another one in which the
distance between adjacent Landolt rings is 2.6 min of arc
(12 Landolt rings per line). The Landolt ring chart from
Precision Vision presented five rings per line in ETDRS
format. In addition, the Landolt rings represented on a
near vision chart in the RADNER Reading Charts book-
let were investigated (five Landolt rings per line), as well
as a logarithmically progressing set of offset-printed,
custom-made Landolt rings that had been graphically
optimized in terms of height, thickness of the lines, and
size of the openings by means of microscopical analyses.
The C-Test, the Landolt rings of the RADNER Reading
Charts, and the custom-made Landolt rings were printed
with offset printing, and the Landolt rings of the near
vision chart from Precision Vision were printed with
screen printing.

Microscopic analyses were performed using Nikon NIS
Elements software with a 2.3 megapixel microscope color
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camera (Optocam III) mounted on a Huvitz HSZ 600
stereomicroscope (magnification 40x). The accuracy of
microscopic measurements depends on the calibration,
the number of pixels of the camera, and the aberrations
of the optic. The measuring system was calibrated using
a Zeiss stage micrometer. With this setup, the accuracy
of the measurements was better than 0.5 um. Measure-
ments were performed in the still image mode of the NIS
software using the cursor lines of the software. The dis-
tance in mm was directly shown on the screen. Figures 1
and 2 represent original micrographs that have not been
graphically reworked. The following sizes of Landolt
rings were measured for each near vision chart: (a) Land-
olt rings of the RADNER Reading Charts, from —0.2 to
0.1 logMAR; (b) Oculus C-Test, from —0.15 to 0.1 log-
MAR; (c) Precision Vision, from — 0.3 to 0.1 logMAR; (d)
custom-made optimized Landolt rings, from —0.3 to 0.1
logMAR.

The following quality-related characteristics were
investigated: (a) print quality, (b) height of the Landolt
rings (diameter), (c) thickness of the lines, and (d) width
of the openings of the Landolt rings. The sizes of the
Landolt rings were calculated for a test distance of 40 cm.
Heights, line thicknesses, and widths of the openings
were evaluated in terms of their degree of consistency
with the nominal values, which were calculated based on
the EN/ISO 8596 [9]. In addition, print quality was evalu-
ated based on morphologic criteria by investigating the
accuracy of print at the edges of the lines and the edges
forming the openings of the Landolt rings (frayed or
blurred edges, rounded edges of the openings).

Results
Figures 1 and 2 show the print quality and measurements
of the investigated near vision charts. At all print sizes,
the Landolt rings of the offset printed C-Test samples
exhibited deficiencies in print quality and considerable
aberrations of the optotype heights, thicknesses of the
lines, and widths of the openings (Fig. 1). The shapes of
the Landolt rings were distorted, as were the endings
that configure the opening of the Landolt rings. These
endings appeared to be rounded and were not parallel to
each other. In addition, the lines were blurred and frayed.
The openings were too narrow, whereas the heights and
thicknesses of the lines were larger than the nominal val-
ues and fell outside the allowed 5% tolerance (Table 1).
The screen-printed Landolt ring near vision charts
from Precision Vision showed similar inaccuracies, but to
a lesser extent (Fig. 2). The Precision Vision Landolt rings
appeared to be correctly round. At 0.0 and 0.1 logMAR,
the endings at the openings were almost parallel (oth-
ers were rounded). The heights of the Landolt rings were
close to the nominal values and within the 5% tolerance
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at all sizes. However, the openings were narrower for
—0.3 to 0.1 logMAR, and the thicknesses of the lines
were wider than the nominal values (outside the 5% toler-
ance) (Table 1).

The Landolt rings presented in the near vision charts of
the RADNER Reading charts showed more accurate print
quality (Fig. 1). The edges of the lines were sharper than
those of the other two near vision charts, and the endings
that form the openings were parallel. The heights were
within the 5% tolerance. The aberrations of the openings
and thicknesses of the lines were similar to those of the
Landolt ring charts from Precision Vision but better than
those of the C-Test (Table 1).

The custom-made, optimized, offset-printed Land-
olt rings showed the best print quality. The edges of the
lines were sharp, and the endings at the openings were
parallel. All the Landolt rings closely matched the height
and line thickness of the nominal values (Fig. 2), and thus
were well within the 5% tolerance. The openings for 0.0
and —0.2 logMAR were within the 5% tolerance, those
for — 0.3, —0.1 and 0.1 logM AR were 10.44%, 11.96% and
8.22% narrower than the nominal values, respectively
(Table 1).

Discussion

For calibration of a psychophysical visual acuity test, it is
indispensable that a reference test with Landolt rings be
constructed accurately in accordance with the EN/ISO
8596 [9] and commercially available tests. However, we
report here that commercially available near vision charts
show inaccuracies in print quality and aberrations from
the nominal values for the height, thickness of the lines,
and size of the openings of the Landolt rings. Although
the results obtained at smaller print sizes (smaller 0.1
logMAR) will not be comparable with angular visual acu-
ity, these aberrations might not be of high relevance for
routine clinical work but must be taken into account for
research, as these might lead to artificial ceiling effects.
The extent of these inaccuracies excludes such near
vision charts as reference tests for a calibration.

For this study, we microscopically pre-selected the
Landolt ring near vision charts with the best print qual-
ity. In other near vision charts, the smallest print size was
only 0.0 logMAR for a test distance of 40 cm, and there-
fore not applicable for calibration. Screens of electronic
devices could not be used because of an insufficient reso-
lution at small print sizes [15].

Aberrations of offset print are due to an outflow of
the color when it is pressed on the substrate (e.g., paper)
between the rubber blanket cylinder and the pres-
sure cylinder [16], or in case of screen print when the
color goes beyond the edges of the stencil on the mesh
[17]. Both aspects cannot be fully avoided and cause
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C-Test Radner Near Chart

0.737 mm 0.734 mm
0.1 logMAR-40 cm
nominal size mm 0.119 mm 0.122 mm
height 0.723
opening, line 0.146 _
0.167 mm \ 0.160 mm
0.579 mm 0.584 mm
0.0 logMAR - 40 cm
no.mmal size mm 0.098 mm
height 0.582
opening, line 0.116
0.129 mm
0.472 mm 0.467 mm
—-0.1logMAR -40 cm
nominal size mm =
0.079 mm
height 0.462 0.081 mm
opening, line 0.092 0.114 mm 0.105 mm
0.424 mm
0.379 mm

—0.2 logMAR - 40 cm ,
nominal size mm "~ 10.067 mm
height 0.367 - 0060 i
opening, line 0.073 0.100 mm 0.091 mm

Fig. 1 C-Test Landolt ring test (left column) and Landolt rings of the near vision chart from the RADNER Charts (right column); original
magnification, x40. Photographs of Landolt rings taken of print sizes ranging from 0.1 to — 0.2 logMAR. Nominal sizes are given between the
columns. The C-Test shows deficiencies in print quality and aberrations in the optotype heights, thicknesses of the lines, and widths of the
openings. The shape of the Landolt rings and endings that configure the opening of the Landolt rings are distorted. The lines are blurred and frayed.
The openings are too narrow; the heights and thicknesses of the lines are > 5% compared with the nominal values. The Landolt rings of the near
vision charts from the RADNER charts are more accurate. The edges of the lines are sharper, and the endings that form the openings are in parallel.
The heights are within the 5% tolerance, but the widths of the openings and lines lie outside that tolerance
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oversizing of lines and of the optotypes, as well as frayed
or blurred edges, and rounded edges of the opening.
For the RADNER Reading Charts, the print quality has
been optimized with the printing company for text print.
However, offset print is a technology that has been devel-
oped for text print, and thus is not exceptionally accurate
for graphically constructed figures such as optotypes.
We therefore made an attempt to optimize a set of Land-
olt rings for near vision charts by means of microscopic
measurements and graphical modification. The cus-
tom made Landolt rings were constructed by a graphic
designer. Lines of 8 Landolt rings were adjusted to the
mathematically calculated nominal sizes from —0.3
to 1.0 logMAR. These sets of Landolt rings were then
printed by the printing company and the height of the
Landolt rings, the thickness of the lines, and the width
of the openings were then measured for every print size.
The sizes were modified according to differences to the
mathematically calculated values (e.g., when a param-
eter was too big, it was made smaller; when the opening
was too small, it was increased). Then, the Landolt rings
were printed again. This procedure has been performed
in order to approach, step by step, the calculated nomi-
nal sizes on the print. Here, we used the set from the
fourth round of modification (further modifications will
follow). This level of improved accuracy gave values that
were very close to the mathematically calculated nomi-
nal values for the diameter of the Landolt rings and the
thickness of the lines. However, there were still openings
of the Landolt rings that were too narrow and outside the
5% tolerance (—0.2, —0.1 and 0.1 logMAR). Although we
believe that we can get even closer to the nominal sizes,
these results confirm that manufacturing Landolt rings
representing an appropriate reference for the calibration
of near vision charts is technically much more complex
than it is for distance vision, because the impact of the
typical inaccuracies of print, such as oversizing, is much
bigger in relation to the optotypes” sizes (optotypes for
distance acuity tested at 4 m are tenfold larger than those
for near vision charts for a test distance of 40 cm).
Another concern is that reading charts and reference
tests must cover a sufficient range of geometrically pro-
gressing print sizes. To avoid ceiling effects, the small-
est print size for near vision charts with single optotypes

Page 5 of 8

should be —0.3 logMAR, and for reading charts, —0.2
logRAD (for a test distance of 40 c¢cm; logRAD =read-
ing equivalent of logMAR) [18]. However, the sizes of
the optotypes of many near vision charts with Landolt
rings only extend down to —0.1 or 0.0 logMAR. Even the
C-Test does not go down to —0.2 logMAR. The smallest
print size of this test is —0.15 logMAR for a test distance
of 40 cm. Although it might be clinically reasonable to
use half of a geometric step at such a small print size, this
approach and the limited sizing are not appropriate for
the calibration of other tests.

In addition, we could not find a near vision chart that
was entirely in accordance with the layout as required
for the EN/ISO 8596 [9]. To avoid crowding effects, the
EN/ISO 8596 requires that the horizontal and vertical
distances between optotypes increase with smaller print
size (e.g., from 0.0 to 0.4 logMAR these distances are two
times the diameter of the largest Landolt rings displayed;
for smaller sizes than 0.0 logMAR, they are three times
the diameter) [9]. However, crowding is a phenomenon
that is typical when words and sentences are read from
reading charts [3, 4]. This situation raises two questions:
(a) How should the Landolt rings be arranged on a near
vision chart used for the calibration of reading charts?
and (b) What is a calibration with the Landolt rings
intended to compare?

Reading and recognizing details of optotypes do not
represent the same visual tasks [11]. Colenbrander rec-
ommends that “reading tests that show how well the
patients function, should not be ignored in routine medi-
cal practice. Because the goal of all medical interventions
ultimately is to improve the functioning of the person”
[11]. Furthermore, tests of reading vision tell us how
the patients perform, and they represent the functional
vision needed to accomplish the visual necessities of eve-
ryday life, whereas single optotype vision evaluation such
as that carried out with Landolt rings only investigates a
retinal area that is smaller than 1 degree from the foveal
center at a visual acuity of 1.0 logMAR—what Colen-
brander calls detail vision [11]. In addition, for clinical
purposes, reading acuity has its own place in evaluating
near visual performance and also its own notation. This
situation is reasonable, given that single-optotype dis-
tance acuity has been shown to be a poor predictor of

(See figure on next page.)

Fig. 2 Landolt ring near vision chart from Precision Vision (left column) and Landolt rings graphically optimized for print quality (right column;
RADNER optimized); original magnification, x40. Photographs of Landolt rings taken of print sizes ranging from 0.1 to — 0.3 logMAR. Nominal sizes
are given between the columns. The Landolt ring near vision charts of Precision Vision show deficiencies in print quality and aberrations in the
optotype heights, thicknesses of the lines, and widths of the openings. The endings that configure the opening of the Landolt rings are parallel
from 0.0 to 0.1 logMAR, but the lines are blurred. The heights of the Landolt rings are within the 5% tolerance at all sizes. The openings are narrower,
and the widths of the lines are wider than the nominal values (outside 5%). The Landolt rings optimized for printed quality show the best print
quality. The edges of the lines are sharp, and the endings at the openings are clearly parallel. The Landolt rings closely match the nominal values in
height and line width. Only two openings are outside the 5% tolerance, i.e, —0.1 and 0.1 logMAR
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0.1 logMAR-40 cm
nominal size mm
height 0.723
opening, line 0.146

0.0 logMAR - 40 cm
nominal size mm
height 0.582
opening, line 0.116

—0.1logMAR -40 cm

nominal size mm
height 0.462
opening, line 0.092

-0.2 logMAR -40 cm

nominal size mm
height 0.367
opening, line 0.073

—0.3 logMAR -40 cm
nominal size mm
height 0.292
opening 0.058

Fig. 2 (Seelegend on previous page.)

Precision Vision

0.722 mm

C

0.582 mm

0.131 mm

0.155 mm

0.093 mm
0.129 mm

0.462 mm

0.372 mm

0.060 mm

0.091 mm

0.291 mm

0.045 mm
0.072 mm

0.732 mm

0.582 mm

C

0.462 mm

C

Optimized Landolt

10.134 mm

0.150 mm

0.112 mm

0.119 mm

0.081 mm

0.095 mm

0.361 mm

0.072 mm

0.077 mm

0.287 mm

0.052 mm
0.060 mm
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Table 1 Differences in percent from the calculated nominal

values
Parameters C-Test Landolt-C Landolt-C Landolt-C
RADNER ETDRS custom
charts format made
0.1 logMAR
Height 190 152 —0.14 1.24
Opening —1849 —1644 —1027 —822
Line thickness  14.38 9.59 6.16 274
0.0 logMAR
Height —0.52 0.34 0.00 0.00
Opening —2155 —1552 —19.83 —345
Line thickness  18.97 11.21 11.21 259
—0.1 logMAR
Height 2.16 1.08 0.00 0.00
Opening — 1413 —=1197 —1729 —11.96
Line thickness  23.91 14.13 19.57 3.26
—0.2 logMAR
Height 1523 327 1.36 —163
Opening —822° —1781 —17.81 — 147
Line thickness 36.99°  24.66 24.66 548
—0.3 logMAR
Height - - —044 —1.71
Opening - - —2241 — 1044
Line thickness - - 24.14 345

@The original visual acuity grade of the C-Test is — 0.15 logMAR, which causes a
bigger difference in the calculated nominal values for — 0.2 logMAR

reading performance [14] and that in several eye diseases,
it is typical that distance acuity and reading acuity differ
significantly (e.g., age-related maculopathy and amblyo-
pia) [12, 13]. Therefore, it seems evident that, independ-
ent of the technical limits of calibrating reading charts
with Landolt rings, their usefulness for reading charts
can also be questioned psychophysically.

It should also be mentioned that once calibration has
been done based on the specifications outlined by the
ISO/TR 19498:2015 [6], the x-heights of a reading chart
will have to be adjusted according to the differences deter-
mined by this psychophysical study. However, such stud-
ies compare the means and standard deviations obtained
from two geometrically progressing tests expressed in log
units. Converting differences in geometric means into the
linear system of x-heights in millimeters is complex and
complicates manufacturing. We further report that the
investigated Landolt ring near vision charts cannot even
fulfill the criterion of a 5% tolerance because of the tech-
nical limits of print quality [4, 6].

Nevertheless, as long as a calibration with Landolt
rings has not been realized, the ICO recommends the
use of the x-height of a font and calibration of this height
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according to the visual angle of 5 min of an arc, as speci-
fied for the related test distance of the geometric progres-
sion [4].

The present study shows that near vision charts with
Landolt rings do not achieve a level of quality sufficient
to meet the premises for calibration. Since the x-height
related to the visual angle represents an already well-
recognized standard that has been demonstrated in many
studies to produce reproducible and reliable results for
reading acuity and other reading parameters [2, 3, 5], it
seems to be obvious to retain this definition as the stand-
ard for reading charts in Latin script.

Conclusion

The extent of the deficiencies in print quality and the
inaccuracies in the heights, thicknesses of the lines, and
widths of the openings of Landolt rings exclude Landolt
ring near vision charts as a reference for the calibration
of reading charts. The x-height of a font in relation to the
visual angle, representing the current standard, is still the
more reliable method for standardizing the print sizes of
reading charts.

Abbreviations

AECOS: American-European Congress of Ophthalmology; ETDRS: Early treat-
ment diabetic retinopathy study; ICO: International Council of Ophthalmol-
ogy; ISO: International Organization of Standardization; logMAR: Logarithm
of the minimal angle of resolution; logRAD: Logarithm of the reading acuity
determination. The logRAD is the reading equivalent of logMAR and defined
as the logarithm base 10 of the visual angle (minutes of arc) that subtends
one-fifth of the x-height at the standardized distance of 40 cm.

Acknowledgements

We acknowledge support by Open Access Publishing Fund of Karl Landsteiner
University of Health Sciences, Krems, Austria, and would like to thank Dr.
Deborah McClellan for editorial assistance.

Author contributions

WR and MR provided substantial contributions to the conception and design
of the work as well as the acquisition, analysis, and interpretation of data for
the work. BD and AE provided substantial contributions to the conception
and design of the work as well as analysis and interpretation of data for the
work. All the authors were involved in drafting the work, revised it critically
for important intellectual content and have approved the final version to be
published.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.



Radner et al. Eye and Vision (2022) 9:31

Competing interests
W. Radner receives royalties for the RADNER Reading Charts and the Oculus
Reading probe Il (German). There are no other conflicts of interest.

Author details

"Karl Landsteiner University of Health Sciences, Dr. Karl-Dorrek-StraB3e 30,

3500 Krems, Austria. >Department of Ophthalmology, University Hospital St.
Pélten, Dunant-Platz 1, 3100 St. Pdlten, Austria. >Austrian Academy of Ophthal-
mology, Mollgasse 11, 1180 Vienna, Austria.

Received: 18 February 2022 Accepted: 25 July 2022
Published online: 15 August 2022

References

1. VargasV, Radner W, Allan BD, Reinstein DZ, Burkhard Dick H, Ali¢ JL, et al.
Methods for the study of near, intermediate vision, and accommodation:
an overview of subjective and objective approaches. Surv Ophthalmol.
2019;64(1):90-100.

2. Radner W. Reading charts in ophthalmology. Graefes Arch Clin Exp Oph-
thalmol. 2017;255(8):1465-82.

3. Radner W. Standardization of reading charts: a review of recent develop-
ments. Optom Vis Sci. 2019,96(10):768-79.

4. Colenbrander A. Consilium Ophthalmologicum Universale Visual Func-
tions Committee, visual acuity measurement standard. Ital J Ophthalmol.
1988;11:5-19.

5. Radner W. Near vision examination in presbyopia patients: do we need
good homologated near vision charts? Eye Vis (Lond). 2016;3:29.

6. 1SO. Ophthalmic optics and instruments—correlation of optotypes.
Technical report. 2015; ISO/TR 19498.

7. Landolt E. Methode optométrique simple. Bull Mem Soc Fran Ophtalmol.
1888,6:213-4.

8. Hess C. Uber die Bestimmung und Bezeichnung der Sehschérfe. Arch
Augenheilk. 1909;130:239-47.

9. CEN European Committee of Norms. Européische Norm Sehschéarfenprii-
fung EN 1SO 8596. Berlin: Beuth-Publisher; 2018.

10. Snellen H. Optotypi ad visum determinandum. Utrecht: PW. van der
Weijer Publisher; 1862.

11. Colenbrander A. Perspective on vision: the visual system as a black box.
Am J Ophthalmol. 2021,224:66-73.

12. Richter-Mueksch S, Stur M, Stifter E, Radner W. Differences in reading
performance of patients with drusen maculopathy and subretinal fibrosis
after CNV. Graefes Arch Clin Exp Ophthalmol. 2006;244(2):154-62.

13. Stifter E, Burggasser G, Hirmann E, Thaler A, Radner W. Evaluating reading
acuity and speed in children with microstrabismic amblyopia using a
standardized reading chart system. Graefes Arch Clin Exp Ophthalmol.
2005;243(12):1228-35.

14. Legge GE, Ross JA, Isenberg LM, LaMay JM. Psychophysics of reading.
Clinical predictors of low-vision reading speed. Invest Ophthalmol Vis Sci.
1992;33(3):677-87.

15. Schoenach C. Entwicklung einer mobilen Applikation als digitale Umset-
zung der RADNER-Lesetafeln. Thesis, FH Technicum Wien, University of
Applied Sciences; 2020.

16. Balan E, Berculescu L, Racheru RG, Pitigoi D, Adascalita L. Preventive
maintenance features specific to offset printing machines. MATEC Web
Conf. 2021;343:8012.

17. Grabowski B, Fick B. Printmaking: a complete guide to materials and
processes. 2nd ed. London: Laurence King Publishing Ltd; 2015.

18. Radner W, Benesch T. Age-related changes in baseline reading acuity
and speed as measured using RADNER Reading Charts in healthy
eyes with best corrected ETDRS distance acuity. Br J Ophthalmol.
2019;103(10):1518-23.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Possible limits of calibrating reading charts with the Landolt ring: a microscopic study
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


