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Abstract

Aim To compare the performance of the ETDRS

logMAR, compact reduced logMAR and Snellen

charts in an ophthalmic outpatient setting.

Methods The reliability and reading times of

the charts were compared in a stratified sample

of 40 eyes of 40 ophthalmic patients with a

variety of stable eye diseases. In order to

simulate a clinical setting, forced-choice

testing was not used.

Results Similar acuity results were recorded

from all three charts, suggesting a lack of a

systematic bias as regards chart design. A

small practice effect was observed for all

charts but was greatest for Snellen and least

for ETDRS. The test-retest variability of the

charts was similar, with the 95% tolerance

limit for change being ±0.14 logMAR for

ETDRS, ±0.16 for reduced logMAR and±0.18

for Snellen. The mean reading times for the

subjects were 34.65 s for ETDRS, 21.17 s for

reduced logMAR and 18.67 s for Snellen.

Conclusion The performance of the compact

reduced logMAR chart was intermediate

between Snellen and ETDRS. The theoretical

advantages of the ETDRS design were still

measurable in a clinical setting but the

magnitude of the advantage in terms of test-

retest reliability was fairly small and the time

taken to complete the EDTRS was 1.86 times

that of the Snellen chart.
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Introduction

Visual acuity measurement is fundamental to

eye examination and is the most commonly

used vision test in clinical practice. The

limitations of visual acuity testing need to be

well understood.

The most commonly employed visual acuity

chart in routine clinical practice is the Snellen

chart, following its introduction in 1862.

However the characteristics of the Snellen chart

and related charts have been criticised. The

scale is not truly interval in nature and different

numbers of letters on each line may lead to

different legibility due to crowding effects.1

These problems have led to the development of

alternative charts.2,3 Such charts are now

standard in research but have not been well

adopted in clinical practice, possibly due to the

unfamiliar scoring system and the cost in terms

of the extra time taken to perform the test.

Furthermore, in order to obtain the best

performance from the chart a forced-choice

method of testing is recommended.4 This adds

further time to the procedure and is a potential

barrier to introduction of logMAR charts into

routine clinical practice. If a forced choice

procedure is not adopted it is uncertain whether

the benefits of the improved chart design will be

of sufficient magnitude to justify their use.

Rosser and Laidlaw developed a ‘Reduced

logMAR’ (RLM) visual acuity chart designed on

the same principles as the ETDRS logMAR chart

in terms of the logarithmic progression in letter

size, inter-letter and inter-line spacing and use

of Sloan set of letters but with a reduction in the

number of letters per line. The RLM chart

offered improved test-retest variability with a

95% tolerance limit for change of ±0.24

logMAR, compared to ±0.33 logMAR for the

Snellen line assignment method and half the

reading time of either the Snellen or the ETDRS

logMAR charts. Its test-retest variability,

however, was not different from the known

preferred letter-by-letter scoring method when
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using the Snellen chart, with a 95% tolerance limit for

change of ±0.24 logMAR.5

Laidlaw et al then introduced a ‘ compact Reduced

logMAR’ (cRLM) chart, a development of the RLM chart

which is closer spaced than the RLM charts and

demonstrated a 95% tolerance limit for change of ±0.17

logMAR in amblyopic children.6

This study aimed to compare the performance of

ETDRS, ‘compact reduced logMAR’ and Snellen charts in

an ophthalmic outpatient setting. The characteristics of

the charts are summarised in Table 1.

Method

The study was approved by the South Devon Research

Ethics Committee. A test-retest study was performed.

Each subject made two separate visits to the eye clinic for

repeated measurements. One eye per patient was tested.

Subjects

40 adults were recruited from the outpatient clinics of the

Ophthalmology Department. The sample size was

estimated using computer simulation with the formula

given by Bland and Altman17 based on the anticipated

level of agreement in the Laidlaw et al studies.

The Bland and Altman formula required the solution

of:

1:96 ðSD=ðsqrt ð2n ðm� 1ÞÞÞ ¼ aSD

Where SD¼within subject standard deviation,

‘n’¼number of patients, ‘m’¼number of observations

on each patient and ‘a’¼ agreement limit. The

agreement limit was set at ±0.20logMAR.

The sample was stratified such that 5 patients of each

acuity level of the Snellen visual acuity chart were

recruited. These patients had stable eye conditions eg

diagnosis of cataract, pseudophakia, stable glaucoma,

non-exudative age-related macular degeneration and

chronic scarring of the cornea. Only subjects who were

literate and able to comprehend and perform the test

were included. These subjects had variable experience

with regards to chart reading and no practice runs were

carried out prior to them reading the charts for the study.

The charts and display

Two versions of the cRLM chart were loaned from Rosser

and Laidlaw and two versions of the ETDRS logMAR

chart were displayed in the standard Lighthouse light

box. Two versions of the Snellen chart were displayed in

the standard Clement Clark light box. All charts were

backlit in their respective light box.

The charts were viewed under the same lighting

conditions as the normal eye clinic.

The testing protocol

The subjects wore their habitual spectacle correction. The

visual acuity was tested with the subject seated at 6

metres for the Snellen chart and at 4 metres for the

ETDRS and the cRLM charts. Subjects were randomised

to one of two versions of the aforementioned charts. The

order of presentation of the charts was also randomised

at each visit. An online randomiser was used to generate

80 sets of numbers dictating the version and the order of

chart read. The same eye was tested for all the charts at

both visits. The interval between the two tests ranged

from 1–3 weeks.

A single examiner was employed. The subject was

requested to start at the top left of each chart, read from

left to right and work their way down the chart. The

subjects were instructed to give one reading for each

letter, guessing if they were unsure. They were asked

once to guess when they reached lines where they could

not see clearly. The subjects were timed from the start of

reading the chart to when all the letters had been

attempted or when they pronounced they could guess no

further after encouragement. In order to mimic the

clinical setting, forced-choice testing (which would have

required the patients to guess a complete line incorrectly)

was not used.

The examiner recorded the results on prepared

proformas so that calculations could be done separately

to avoid influencing the measurement time.

Scoring

All charts were scored for individual letters. All

calculations were performed using logMAR values. The

Table 1 Chart design summary

CHART No of letters per
line

Line interval in
logMAR

Single letter value
in logMAR

Total number of
letters

Acuity range (logMAR)

ETDRS 5 0.1 0.02 70 þ 1.08 to –0.30 (4 metres)
cRLM 3 0.1 0.033 42 þ 1.07 to –0.30 (4 metres)
Snellen 1–8 0.08–0.22 0.01–0.11 45 þ 1.0 to –0.18 (6 metres)
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value of the letters on the Snellen chart was converted to

logMAR format as follows:

The line acuity was obtained by taking the log to the

base 10 of the reciprocal of the Snellen acuity fraction.

The logMAR value of an individual Snellen letter on a

particular line was calculated by subtracting the logMAR

value of the line above from the logMAR value of that

particular line divided by the number of letters on the

particular line. (The same method is employed routinely

for the ETDRS Chart)

Each letter on the ETDRS logMAR and the cRLM

charts were scored in keeping with the principle of

scoring the ETDRS chart and the cRLM chart.

Analysis

The results were examined initially by inspecting Bland

and Altman plots.

The possibility of systematic bias between charts was

examined by comparing the median acuity values of

the charts from the first round of testing, using

Kruskal-Wallis Test.

The possibility of a practice or learning effect was

examined by comparing the median acuities on test and

retest, using Wilcoxon0s signed ranks test.

Test-retest variability was examined by calculating the

differences between ‘test’ and ‘retest’. The 95% tolerance

limits for change (95% TLC) was calculated as 1.96 times

the standard deviation of the differences found on ‘test’

and ‘retest’.

The reading speeds from the first round of testing were

compared using a paired t-test and ANOVA.

Results

19 males and 21 females were recruited. The ages ranged

from 35 to 92 with mean age of 67 and median age of 64

years. The diagnosis included cataract, glaucoma, ocular

hypertension, age-related macular degeneration,

epiretinal membrane and corneal scar from previous

herpetic keratitis.

The range of visual acuities recorded were �0.10 to

1.06 for the ETDRS, �0.13 to 1.07 for the cRLM and �0.10

to 1 for the Snellen charts. The median acuity values of

the ETDRS, cRLM and Snellen charts were 0.42, 0.41 and

0.41 respectively. Statistically, there were no significant

differences between the three different charts in terms of

median acuity (P¼ 0.9865 by Kruskal –Wallis Test).

In all three chart types, a small practice effect was

observed, the visual acuity improving on retesting. This

was significant for the Snellen chart (Po0.0001) but not

so for the ETDRS chart (P¼ 0.1976) or cRLM chart

(P¼ 0.2098) by Wilcoxon’s signed ranks test). (Table 2)

The reliability in terms of the 95% tolerance limits for

change was the best for the ETDRS chart and poorest for

the Snellen chart. However the difference in performance

was fairly small, amounting to 0.04 logMAR or 2 ETDRS

letters.

The mean and range of testing times were: ETDRS

34.65 (9.38–80.18) seconds, cRLM 21.17 (5–40) seconds,

Snellen 18.67 (3–35.56) seconds. Using ANOVA, this

difference between testing times was highly significant

(Po0.0001).

Discussion

In our study, with the exception of testing times, the

performance of the three charts was fairly similar. In

Laidlaw et al’s study in amblyopic children, the

differences in reliability were greater, with 95% tolerance

limits for change of ±0.14 (7 ETDRS letters) for ETDRS

logMAR chart, ±0.17 (5 cRLM letters) for the compact

reduced logMAR chart, and ±0.29 for the Snellen chart

(variable number of Snellen letters).6

Gibson and Sanderson8 reported up to 13% subjects

displaying discrepancies of 2 lines or more and only 1/3

subjects with the same visual acuity on the Snellen chart

on repeated testing, suggesting that changes in acuity of

2 lines or less on the Snellen chart may not be clinically

significant. This study was performed by two

investigators and therefore the results may have been

influenced by interobserver variability as well as the use

of the line assignment method.

Arditi et al9 and Bailey et al10 demonstrated reliability

of the ETDRS logMAR chart to be within ±0.10 log units

(5 letters). The former employed strict laboratory

conditions with 5 highly practised subjects with normal

visual acuity and the latter used 21 normal sighted

Table 2 Performance data for the charts

Median difference
in logMAR

P-value for
median difference

95% tolerance
limits for change

Upper
limit

95% C.I for
upper limit

Lower
limit

95% C.I for
lower limit

ETDRS1-ETDRS2 0.01 0.2 ±0.14 0.15 0.10, 0.19 �0.13 �0.17, �0.08
cRLM1 –cRLM2 0.02 0.2 ±0.16 0.18 0.13, 0.23 �0.14 �0.20, �0.09
Snellen1- Snellen2 0.05 o0.0001 ±0.18 0.23 0.18, 0.30 �0.13 �0.18, �0.07
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subjects at 3 different testing distances. Elliot and

Sheridan11 found the 95% confidence limits for retest

variability to be 3.5 letters, this was done with 21 subjects

reading the ETDRS chart 3 times on 2 occasions, 1 week

apart. Charlotte et al12 compared 4 different logMAR

charts and found the reliability to range from ±0.10 to
±0.16. Siderov et al16 attempted to simulate variability of

visual acuity measurement in a large eye clinic by

incorporating up to 21 different examiners with variable

chart design features and reported reliability of ±0.15.

Rosser et al14 concluded that the ETDRS chart can reliably

detect a change of 0.2logMAR (with a sensitivity of 100%,

95% C.I 93–100% and specificity of 96%, 95% C.I.

86–99.5%), but not an acuity change of 0.10logMAR

(sensitivity 38%, 95% C.I. 25–53%). The latter attempted

to simulate acuity change by varying the test distance at

which 3 versions of ETDRS charts were read under

experimental conditions. However, as mentioned above

the testing conditions and subjects may have been

different to our study, giving an impression of the

advantages of logMAR charts which may not be

achievable in clinical practice.

Although the theoretical limitations of the Snellen

chart and the advantages of logMAR charts are well-

rehearsed5,6,8–12 and demonstrable in research settings it

is less certain as to whether the theoretical benefits will

be realised in routine clinical practice. Moreover, the

performance of a visual acuity test chart is dependent on

the difficulty score of the letter as well as line. Line

difficulty score depends on the number of letters. The

number of letters in the Snellen chart varies from 1 at the

low visual acuity range to 8 at the higher visual acuity

ranges. This is likely to make the Snellen chart better than

others at a higher visual acuity ranges and worse at the

lower acuity ranges. The rationale behind stratifying the

sample collection in this study was to ensure equal

representation of each level of the Snellen acuity range.

The method of scoring individual letters is superior to

the line assignment method.9,10,13 However it is not

known whether letter-by letter scoring is used

consistently in ophthalmic clinics.

Comparison between charts revealed no systematic

bias in terms of the mean acuity measurements and only

small differences in test-retest reliability, but the ETDRS

logMAR chart took nearly twice the amount of time to

complete compared to the other charts. Therefore the

present study would suggest that, based on the method

employed, the introduction of routine use of the ETDRS

chart may not be cost-effective. Camparini et al15

advocated a psychophysical adaptive method ‘ETDRS-

Fast’ of measuring visual acuity, whereby subjects were

required to identify only one letter per line, and at the

first letter incorrectly read, the subject was required to

read the whole of the preceding line. They reported a

significant reduction of test time by 30% and a better

reliability of ±0.06 (3 letters) compared with ±0.08

(4 letters) using the standard method. This method could

be introduced to reduce the time taken to read the test

charts further in the eye clinic but is not currently

routinely used. Another method to reduce chart reading

time would be ‘bracketing’ where the subject was asked

to read the smallest line they could see on the chart then

encouraged to read further until threshold was reached.

It is possible that the reliability of testing in clinical

practice could be improved by adopting a forced-choice

testing protocol, thus moving closer to the methods

employed in research studies. However this method is

even more time-consuming and would need to be used

consistently by all clinic personnel.

In making a decision about chart selection other issues

also need to be taken into account. The relative lack of

Snellen letters per row in the low-acuity range suggests a

greater role for the EDTRS chart in Low vision testing.

The advantages of ETDRS in terms of reliability may

have a greater role in Low vision patients but this would

need to be verified with appropriately designed studies.

Adjustment for testing distance is possible with the

Snellen chart, but to make full use of the letter-by-letter

scoring method, complex calculations are needed. The

time needed for these calculations would need to be

added to the testing time. However as electronic patient

records are introduced, the calculations could be

automated. Use of the compact reduced logMAR would

improve the ease of scoring, compared to Snellen,

without increased testing time but with little added

advantage in terms of reliability. A decision to upgrade a

clinic would of course also include equipment costs and

staff training costs.

In summary, the theoretical advantages of logMAR

charts compared to Snellen charts are measurable in a

simulated clinical setting but the magnitude of the

benefit of using an improved chart design appears to be

small and the cost-effectiveness of introducing such

charts into routine clinical practice is uncertain.
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