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ABSTRACT

PURPOSE: To present a new device, the Salzburg Read-
ing Desk (SRD), for the standardized testing of reading 
acuity and reading speed at a subjectively convenient 
reading distance (best distance).

METHODS: First, in a systematic experimental setup, 
testing for validity and reliability was performed at 450 
simulated reading distances (90 different test situa-
tions, each repeated 5 times) between 16 and 70 cm. 
The distance read-outs by the SRD software were cor-
related to the distances measured with a meter ruler. 
Second, reading distance and reading speed of 27 
naturally emmetropic and presbyopic patients were 
evaluated using the log-scaled Radner Reading Charts 
implemented in the SRD.

RESULTS: In the experimental setup, an overall mean 
difference of the SRD distance read-out—compared to a 
standard distance measurement with a meter ruler—of 
0.08�0.13 cm was observed. In the presbyopic patients, 
overall mean reading distance was 49.74�4.43 cm. 
Patients were able to read with their own subjectively 
convenient reading distance. A constant mean read-
ing speed of sentences with bigger typeface (between 
152.4�22.6 words/minute [wpm] and 157.3�15.8 
wpm) was found, but reading speed gradually dimin-
ished over time when reading sentences with smaller 
typeface.

CONCLUSIONS: The SRD seems to be a valid 
and reliable device for testing reading acuity at the 
best reading distance in an experimental setup as 
well as in clinical use in presbyopic patients. The 
SRD may be used whenever a detailed compari-
son of different methods for correcting presbyopia 
is required. [J Refract Surg. 2010;26(9):682-688.]
doi:10.3928/1081597X-20091119-01

T he ability to read is essential for everyday life in our 
modern, information-based society.1 Losing the abil-
ity to read reduces a person’s independence and thus 

has a grave impact on the perceived quality of life.1-3 The large 
presbyopic population, which according to current estimates 
is currently more than 1.3 billion worldwide, is the major 
driving force for currently available surgical and refractive 
techniques in this area.4-17 Therefore, the direction of interest 
in refractive surgery is rapidly shifting towards presbyopia, 
considered by many to be its “fi nal frontier.”18

The determination of reading acuity is an important clinical 
examination, especially when the potential benefi ts of presby-
opic surgery are discussed.4-17 For patients who choose to un-
dergo presbyopic surgery, uncorrected reading acuity and read-
ing speed are the most important measures, because the ability 
to read comfortably without any correction (ie, spectacles or 
contacts) is their main motivation for undergoing surgery.

Currently available near- and distance-vision tests meet 
the minimum requirements of international recommenda-
tions,19-26 but standardization of reading conditions is not 
yet available. Representative of modern log-scaled reading 
charts, Radner was the fi rst to implement sentence optotypes 
to minimize variations between the test items and to keep the 
geometric proportions as constant as possible at all reading 
distances.1,24,27-29 Until now, no automatic device for measur-
ing reading distance accurately was available. The Salzburg 
Reading Desk (SRD) was introduced to further improve the 
assessment of reading tests by evaluating reading acuity at 
the best reading distance.
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The importance of having such a standardized 
device to evaluate reading acuity and reading speed—
especially when comparing different methods for 
correcting presbyopia—is increasing because of the 
growing number of surgical and refractive options for 
providing acceptable uncorrected vision at both dis-
tance and near. Although the design of modern loga-
rithmic-scaled reading charts offers the possibility of 
testing reading acuity at different reading distances, 
currently no published method exists that allows auto-
matic evaluation of reading acuity and reading speed 
at best reading distance. 

This article presents a specially designed reading 
desk, SRD, which enables clinicians and researchers 
to systematically evaluate reading acuity and reading 
speed at best reading distance under standardized con-
ditions. With this device, better evaluation of everyday 
reading abilities seems possible through simulation of 
the natural reading process. 

PATIENTS AND METHODS

RADNER READING CHARTS
Some of the mandatory principles for the standard-

ization of vision tests outlined above19-22 have been used 
in the design of new reading charts.23,24,26 Radner was 
the fi rst to investigate the test–retest and interchart reli-
ability of his Radner Reading Charts under clinical con-
ditions,27 which are currently available in German, Eng-
lish, Turkish, Dutch, Swedish, and Spanish, and have 
been prepared for French and other languages.1,24,27-29

The Radner Reading Charts are explained below in 
detail as an example of the concept of log-scaled read-
ing charts, which make it possible to test reading acu-
ity at different distances.

By implementing sentence optotypes, Radner devel-
oped a series of test sentences that are comparable in 
terms of the number of words, word length, position of 
words, lexical diffi culty, and syntactical complexity, by 
establishing over 30 defi nition rules.1,24,27-29 These sen-
tence optotypes have been shown to provide fully stan-
dardized clinical measurements of reading acuity and 
reading speed.1,24,27-29 They represent 3rd-grade relative 
clauses, which are the fi rst complex, but still easily read-
able, adult sentences.1,24,27-29 For every language outlined 
above, three different charts are available.

For the precise documentation of reading acuity, Rad-
ner implemented the term “logRAD”1,24,27-29 (logarithm of 
the reading acuity determination), which represents the 
reading equivalent of logMAR. Reading speed can be eas-
ily calculated on the basis of the number of words in a 
sentence (14) and the time needed to read this sentence 
(14 words�60 sec/reading time).1,24,27-29

SALZBURG READING DESK
The SRD system (Fig 1) is a specially designed reading 

desk. Data acquisition and processing are managed with a 
USB multi-function DAS module and the SRD software.

Measurement of reading distance is possible with 
video-stereo-photometry and additional software. For 
this purpose, the bridge of the patient’s nose is marked 
with a small green color-coding dot. The perpendic-
ular distance between this point and the text line on 
the corresponding reading chart is continuously moni-
tored, displayed, and processed to indicate the reading 
acuity in logRAD. 

The SRD software has been developed to cover pos-
sible reading distances between 16 and 70 cm, at incli-
nations of the reading surface between 0° and 40°. As 
an upper limit, a reading distance of 70 cm was cho-
sen; the lower limit depends on the inclination of the 
reading surface. Between 0° and 10°, reading distance 
can be measured between 25 and 70 cm. This lower 
reading distance limit decreases with the increasing 
inclination of the reading surface to 20 cm between 15° 
and 20°, and 16 cm between 25° and 40°.

Patients are able to adjust the inclination of the SRD 
to a subjectively convenient position to offer the most 
convenient test circumstances. 

Each single sentence of the Radner Reading Chart is 
mounted on the SRD in a specifi cally designed “textbook.” 
Every textbook has 12 pages, in which the original sentenc-
es of Radner (cut out of his commercially available charts) 
have been glued. In its original version, each chart has 14 
sentences—the two largest ones having been omitted, as 
they are used only to test reading acuity in low vision pa-

Figure 1. Side view of the Salzburg Reading Desk (SRD). Camera tripod 
with cardboard and green color-coding dot simulating a test situation in 
front of the SRD. Yellow meter ruler for reference distance measurement 
in front of the SRD.
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tients. Hence, within this textbook, the largest sentence is 
sentence #3, and the smallest is sentence #14. The text-
books are easily exchangeable to prevent a possible rec-
ognition and learning/memorizing effect. But, in princi-
ple, textbooks of other available log-scaled reading charts 
could be generated and used with the SRD. Two fl uores-
cent tubes, which emit light similar to daylight (5400 K, 
40 kHz), uniformly illuminate the reading surface of the 
SRD. This preadjusted illumination level was chosen 
based on the existing normal European illumination of 
working and reading surfaces, respectively, in offi ces 
and libraries.30 However, the operator is able to set the 
illumination to a different value, if desired.

Patients read the sentences aloud into a microphone, 
which sends a signal to the computer, providing visual-
ization of the reading process (Fig 2). At the end of each 
reading process (ie, a complete sentence has been read 
aloud by the patient), the examiner defi nes the beginning 
and end of the reading process by positioning two verti-
cal lines on the user-interface (see Fig 2). A sentence will 
be taken into statistical account, when the sentence has 
been read aloud by the patient, with a minimum read-
ing speed of 80 words per minute (wpm), which repre-
sents the lower limit for recreational, sense-capturing 
reading.31,32 The software automatically calculates and 
displays the following parameters: reading acuity at best 
reading distance (logRAD), reading speed (words/min-
ute), reading distance (cm), reading time (seconds), illu-
mination of the reading surface (preset to 500 lux), and 
inclination (reading angle) of the SRD (0° to 40°).

EXPERIMENT
As the reading distance measurement is the most 

important parameter in testing reading acuity with the 
SRD, validity and reliability were tested with 450 sin-
gle measurements (90 different test situations, each re-
peated 5 times) in simulated reading distances between 
16 and 70 cm and inclinations of the reading surface 
between 0° and 40°. To check the entire possible test 
spectrum, validity and reliability have been evaluated 
by correlating the calculated reading distance from the 
SRD to the distance as measured with a meter ruler, 
which served as a reference method of measuring read-
ing distances (see Fig 1). All computations were done 
using Statistica 6.1 (StatSoft Inc, Tulsa, Oklahoma).

Validity Testing. As a limit of agreement for valid-
ity, a possible deviation (95% confi dence interval 
[CI]) to the reference value of �0.5 cm was set. This 
value was chosen because a possible measurement 
error of �0.5 cm would only create a possible logRAD 
inconsistency between �0.013 logRAD at 16 cm and 
�0.003 logRAD at 70 cm, which was judged by the 
authors to be of no clinical relevance.

The formula was as follows:

Error(logRAD) = log (1��/D)

where � is the accepted measurement error of 0.5 cm 
and D is the reference value (between 16 and 70 cm).

Reliability Testing. Each test was repeated fi ve 
times, assuming it to be reliable when the standard 
error within these fi ve repeated measurements was 
within the range of �0.05 cm, which represents the 
tenth of the limit for validity.

Experimental Setup. Cardboard was positioned on 
a camera tripod (to simulate the face of a trial patient) 
in front of the SRD (see Fig 1). Each simulated reading 
distance was quantifi ed in advance with a meter ruler. 
Thereafter, mean values, standard deviations, standard 
errors, and 95% CIs were calculated. 

CLINICAL USE IN PRESBYOPIC PATIENTS
Preoperative data of 27 naturally emmetropic and 

presbyopic patients aged between 50 and 57 years 
(mean: 52.8�2.1 years) who presented to the University 
Eye Clinic, Salzburg, Austria, for possible surgical cor-
rection of presbyopia, were used to evaluate whether the 
SRD could be an additional advantageous clinical tool 
for the assessment of reading ability (especially reading 
distance and reading acuity/reading speed at best dis-
tance). All patients were naturally emmetropic and had 
to read binocularly without externally worn correction 
(with a minimum reading speed of 80 wpm). Mean val-
ues, standard deviations, standard errors, and 95% CIs 

Figure 2. Salzburg Reading Desk (SRD) user interface. The upper white 
horizontal box represents the reading process (sound yes or no), and 
the lower horizontal white box represents the distance measurement 
(simulated sinus curve). The user has to define the reading period by 
positioning a green vertical line at the beginning and a red vertical line at 
the end of the reading process.
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of reading distance and reading speed were calculated, 
as well as mean values and standard deviations of de-
scriptive parameters such as manifest refraction (sphere 
and cylinder) and reading acuity at best distance.

RESULTS

EXPERIMENT DATA
The Bland-Altman plot33 is used to compare two dif-

ferent measuring methods (eg, a new measuring method 

to a reference method), and is an appropriate statistical 
method for verifying validity and reliability. The mea-
sured distance, using a meter ruler, between the green 
dot and the Radner Reading Chart served as a reference 
and was compared to the distance read-out by the SRD 
software. In the experiment, an overall mean deviation 
of 0.08�0.13 cm to the reference measurement method 
was observed, with a mean standard error of 0.02 cm. A 
deviation to the above-mentioned preset limits of agree-
ment for validity and reliability did not occur in any 

Figure 3. Bland-Altman plot indicating the 
95% confidence interval of comparison of 
the observed value to the target value. The 
red lines indicate the limits of agreement 
(�0.5 cm from target value) for validity.

TABLE 1

Difference in Reading Distance in the Experimental Setup as Measured by the 
Salzburg Reading Desk and Reference Method With a Meter Ruler

Inclination of 
Reading Surface (°)

Difference (cm)

No. of Tests Mean SD SE �95% CI �95% CI

0 45 0.11 0.15 0.02 0.07 0.16

5 45 0.06 0.11 0.02 0.03 0.10

10 45 0.08 0.10 0.01 0.05 0.11

15 50 0.11 0.16 0.02 0.07 0.16

20 50 0.12 0.16 0.02 0.07 0.16

25 50 0.00 0.12 0.02 0.03 0.03

30 55 0.07 0.13 0.02 0.04 0.11

35 55 0.09 0.11 0.01 0.06 0.11

40 55 0.10 0.11 0.01 0.07 0.13

Overall 450 0.08 0.13 0.02 0.05 0.13

SD = standard deviation, SE = standard error, CI = confidence interval
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of the test situations. Test situations and outcomes are 
summarized in Figure 3 and Table 1. 

CLINICAL DATA
Reading Distance. Twenty-six patients were able 

to read through sentence 5, only one patient was able 
to read through sentence 11, and no patient was able 
to read sentences with smaller typeface without cor-
rection. The reading distance was relatively constant 
from sentences 3 through 9, with a minimum reading 
distance of 48.91�4.92 cm (sentence 4) and maximum 
reading distance of 50.93�3.66 cm (sentence 7). The 
sample sizes from sentences 10 (n=2) and 11 (n=1) are 
small, but in these sentences, the reading distance di-
minished to 41.8�3.54 cm and 45.6 cm, respectively 
(Fig 4, Table 2). Based on their reading distances, 
patients had a mean uncorrected binocular reading acu-
ity at a best distance of 0.37�0.14 logRAD (Table 2).

Reading Speed. Whereas patients were able to read 
the sentences with bigger typeface with a constant read-
ing speed (sentences 3 through 5, mean reading speed 
was between 152.4�22.6 wpm and 157.3�15.8 wpm), 
when reading sentences with smaller typeface, the 
mean reading speed gradually diminished and fewer 
patients were actually able to read the sentences with a 
minimum reading speed of 80 wpm (Fig 5, Table 3).

DISCUSSION
Cataract and refractive surgery has developed rapidly 

over the past decade.34 The determination of visual 
acuity is one of the most important clinical examina-
tions when dealing with the potential benefi ts of pro-
cedures to correct presbyopia.4-17 Refractive surgeons 

and clinicians often tend to overlook the fact that the 
visual system is composed of an optical component 
and an important sensory component that begins at the 
retinal photoreceptor level and ends at the optical cor-
tex.35 Hence, when the aim is only to test the “optical 
system,” it seems appropriate to test “pure” near visual 
acuity at fi rst sight. Yet, reading is much more than 
just being able to discriminate single optotypes in an 
almost unlimited time period. Therefore, in all refrac-
tive patients, reading acuity, not near visual acuity, 
should be tested, because that is what the patient, willing 
to undergo surgery, wants to regain postoperatively.

Reading distance—the most critical parameter in 
testing reading acuity—seems to vary considerably in 
every patient tested, especially when he/she is allowed 
to choose a subjectively convenient reading distance. 
Subjective reading distance depends on posture, body 
size, habits, illumination, type of spectacles, and other 
factors to be evaluated. Therefore, measuring reading 
acuity with a fi xed reading distance does not allow 
conclusions to be drawn on the everyday reading abil-
ity of individual patients. Modern logarithmic-scaled 
reading charts offer the possibility of testing reading 
acuity at different reading distances, and the SRD 
seems to continue to improve reading test assessments 
by evaluating reading acuity at best reading distance.

In the present study, we evaluated a new method for 
testing reading acuity at best reading distance. In a stan-
dardized setting, the complete test spectrum, regarding 
reading distance and inclination of the reading surface, 
was evaluated. In 100% of the test settings, we were able 
to stay within the previously set limits of agreement. In 
the fi rst clinical use of the SRD in presbyopic patients, we 

Figure 4. Box plot showing the reading distance (cm) of the presbyopic 
patient group (SE = standard error).

Figure 5. Box plot showing the reading speed (words/minute) of the 
presbyopic patient group (SE = standard error).
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were able to demonstrate that evaluating reading acuity at 
best distance seems to be an interesting additional param-
eter in clinical trials. This group of patients had a mean 
reading distance of 49.74�4.43 cm, which might be an un-
derestimation in regards to their uncorrected reading acu-
ity when tested at a standard reading distance of 40 cm.

We postulate that the SRD is a valid and reliable meth-
od for measuring reading distance and calculating the 
correlating reading acuity at best reading distance and 
reading speed, as shown in the experimental setup as 
well as clinically in this group of presbyopic patients. 

Using the SRD, it is possible to evaluate reading acu-

ity at best reading distance on an individual basis with 
higher accuracy. The SRD seems to be an advantageous 
tool for future studies comparing the everyday reading 
abilities of patients, especially after presbyopia cor-
recting surgery. 
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TABLE 2

Reading Distance and Reading Acuity of the Presbyopic Patient Group

No. of 
Patients*

Distance (cm) LogRAD

Sentence Mean SD SE �95% CI �95% CI Mean SD

3 27 49.43 5.30 1.02 47.43 53.94

4 27 48.91 4.92 0.95 47.05 53.26

5 26 49.85 5.24 1.03 47.83 54.34

6 26 50.66 4.60 0.90 48.89 54.86

7 20 50.93 3.66 0.82 49.33 54.68

8 10 49.81 3.26 1.03 47.79 53.35

9  5 49.64 4.89 2.19 45.35 53.97

10  2 41.80 3.54 2.50 36.90 45.49

11  1 45.60 — — — —

Overall 49.74 4.43 0.37 46.32 52.99 0.37 0.14

SD = standard deviation, SE = standard error, CI = confidence interval, logRAD = logarithm of the reading acuity determination
*8 men, 19 women.

TABLE 3

Reading Speed and Refraction of the Presbyopic Patient Group

No. of 
Patients*

Words Per Minute Mean�SD

Sentence Mean SD SE �95% CI �95% CI Sphere (D) Cylinder (D)

3 27 157.26 15.82 3.04 151.29 163.22

4 27 154.74 16.09 3.10 148.67 160.81

5 26 152.38 22.62 4.44 143.69 161.08

6 26 135.38 27.63 5.42 124.76 146.01

7 20 121.60 25.55 5.71 110.40 132.80

8 10 122.00 22.41 7.09 108.11 135.89

9 5 112.60 21.76 9.73 93.53 131.67

10 2 92.50 13.44 9.50 73.88 111.12

11 1 94.00 — — —

Overall 126.94 20.66 1.72 119.29 142.82 0.15�0.22 0.08�0.17

SD = standard deviation, SE = standard error, CI = confidence interval
*8 men, 19 women.
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