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Abstract

Background: This article is part of a doctoral study conducted by Dr T.I. Metsing under the supervision of Dr W. Jacobs and Dr R. Hansraj.

Aim: To investigate the equivalence of a standard Snellen chart to that of the Spectrum LogMAR chart amongst children of school-going age.

Setting: The study was conducted through the University of Johannesburg, with data collected from the district of Ekurhuleni in the province of Gauteng, in South Africa.

Methods: Visual acuity (VA) data on uncompensated distance was collected from three randomly selected schools in Gauteng from 206 children aged between 6 and 17 years (mean age and standard deviation of 10.13 ± 2.45 years). Unaided monocular and binocular VAs were measured using the Snellen chart (SC) at 6 m and the Spectrum LogMAR chart (SLC) at 3 m. Data was analysed using the Statistical Package for Social Sciences software.

Results: The mean VAs of both eyes (BE), right eye (RE) and left eyes (LEs) obtained using the SLC of 0.84 minutes (6/5), 0.91 (6/5.5) and 0.96 (6/5.8), respectively, fell within the normal ranges of 6/6 or better. The mean VA scores of BE, RE and LEs obtained using the SC were 1.07 min (6/6.4), 1.11 min (6/6.7) and 1.18 (6/7.1), respectively, and fell below 6/6. The difference in the mean VAs scores for the SC and SLC of BE, RE and LE were found to be statistically significant (p = 0.00).

Conclusion: Monocular and binocular mean VAs for the SLC were found to be one line better than that for the SC. The slightly better performance of the SLC could be attributed to potential theoretical advantages of the LogMAR chart.
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Introduction

Worldwide, most vision screening protocols rely on the measurement of Snellen visual acuities (VAs) to detect visual anomalies amongst children of schoolgoing age. This is despite some fundamental design flaws in the Snellen chart (SC), including non-geometric progression of letter or optotype sizes, the variable number of letters per line and the lack of a standardised scoring system.1 Difficulty in reading the SC is compounded by the contour interaction or visual crowding phenomenon, making legibility of some optotypes less satisfactory when presented with other optotypes in close proximity.2,3

There are recent studies comparing VAs that are evaluated using mobile software programmes, especially smartphones which compare favourably with conventional SC methods.4,5,6,7,8,9,10 The Spectrum LogMAR chart (SLC) in the eye care software program maintains consistent inter-optotype spacing, regardless of the angular subtense of the optotype, unlike the SC where such spacing is not necessarily equal.11

Perera et al.7 compared the SC VAs at 6 m and the reduced Snellen VAs iPad chart at 1.2 m, on 88 adults recruited from the inpatient wards at a university teaching hospital in Melbourne, Australia. The largest mean differences (≥ 2 lines) were found in patients with VAs equal to or worse than 6/18 (n = 5), suggesting that better VAs using the iPad chart were obtained, with not much difference detected for VAs better than 6/18. An obvious limitation of this study was the small number of participants who fell into the acuity range of 6/18 or worse. Another limitation was differences in test distance for the iPad chart where patients with certain refractive errors would need to increase accommodation in order to focus on the chart. Small head movements at a closer distance are expected to cause a larger impact on the angle subtended by the optotypes. This observation may be more pronounced in patients with poorer VAs (worse than 6/18), and may partially account for the larger discrepancies between the two charts.7

In general, there appears to be a growing demand for the use of modern technology in the medical profession. The increasing interest is because modern technology is easy to use, fast, efficient and reasonably affordable depending on the type of device used. The other advantage of these devices is that they can be used in outreach community health screenings and school health programmes, by either trained health workers, teachers or other workers. Various applications are available for use on iPads, iPhones, iPods or other devices.4,5,6,7,8,9,10,11

Time constraints, space allocation and an increased workload are common challenges when the SC is used for mass school vision screenings. Lodha9 stated that these challenges relate to the time-consuming nature of using the SC and space allocation (usually 6 m), which may be overcome by using simple and relatively inexpensive smartphones at a distance of 2 m for measuring VAs. However, notwithstanding the advantages of using modern technology, the validity of this method of vision screening should be further investigated before it is recommended for widespread vision screening program.

Currently there appear to be almost no studies or literature supporting the clinical use of the SLC compared to the SC. Therefore, this study sought to contribute to this deficiency in knowledge and compare VAs measured with SLC software, to establish clinical equivalency of this method to that of standard 6 m Snellen VA charts.

Method

This study and its methodology were approved by the University of Johannesburg Research Ethics Committees and the Province Protocol Review Committee. The tenets in the Declaration of Helsinki12 were followed in this study. Its research design was cross-sectional, comparative, descriptive and prospective, with a quantitative approach.13 Data were collected on only one occasion from 206 study participants, randomly selected from three phases in quintile 1 to 2 schools (schools for children from disadvantaged socio-economic backgrounds) from foundation (6–9 years old), intermediate (10–12 years old) and senior (13–16 years old) phases of learning in Johannesburg, in the province of Gauteng South Africa. Included in the study population were children, aged between 6 and 16 years, from mainstream quintile 1 and 2 schools, in Johannesburg, an urban area in South Africa. Excluded were children from quintile 3 to 5 schools, those from schools for the learning disabled, private schools and those wearing spectacles. The vision screenings were conducted over a period of three months on Wednesdays and Thursdays from 08h00 until 12h00. Data were collected from two stations manned by the researchers, and the VAs of each participant were obtained using two different methods (SC and Spectrum software program). For each participant, VAs were measured three times, with the averages calculated. This was measured monocularly and binocularly using both the SC and SLC. Statistical analysis via SPSS software was used for descriptive statistics. Paired correlation tests and Bland–Altman plots were used to compare monocular and binocular VAs for the two methods, with the statistical significance set at p < 0.05. The presentation of the 95% limits of agreement, using the Bland–Altman plots, were used in this study for the purpose of visual judgement of how well the two methods of measurement agree.14

Snellen visual acuity chart

Distance VAs were evaluated using the SC at 6 m. The rooms in which the VAs were measured were well-lit, with subdued ambient room lighting and maximum natural lighting (sunlight). However, all glare was reduced with the lighting not directly on the surface of the chart to avoid glare or reflections. The SC was mounted on the wall at the child’s eye level. The height of the chart was continuously adjusted to the eye level of the study participant concerned and only the uncompensated VAs were measured.

The measurement of the VAs started with the 20/50 (6/15) line, and on successfully identifying optotypes in that line, the examiner moved progressively down to the 20/20 (6/6) line. Study participants who were unable to read the 20/50 (6/15) line were asked to identify the letters above the failed line (e.g. the 20/60 [6/20]). The last line read correctly with each eye and then with both eyes was recorded. No misses were allowed for lines with less than three optotypes, only one miss was allowed for lines with 4–7 optotypes, and two misses were allowed for lines with 8–11 optotypes, as recommended by Proctor in the Department of Education (Colorado).15

Even though 20/20 (6/6) VA is regarded as representing standard normal vision, 20/30 (6/9) vision in the paediatric population is regarded as acceptable.16 In this study, rather than using the criteria for a fail or pass, the measurements of the VAs were put into three categories: normal (6/3.8 [0.63] – 6/6 [1.00]), slightly reduced (6/6.1 [1.05] – 6/9.5 [1.82]) and significantly reduced (6/12 [2.10] – 6/60 [10.00]).17

Younger participants in the foundation phase of learning were evaluated using the Snellen illiterate/tumbling E. A plastic demonstrator ‘E’ was used by the examiner to evaluate participants lacking dexterity or cognition, to match the directional orientation in space.16 The examiner explained and demonstrated to the participants how to respond to the test. Targets were presented to the study participants in the same sequence as the SC, with the starting point being the 20/200 line, to ensure that the study participants understood the test. Thereafter, the measurements of the VAs started with the 20/50 (6/15) line, and on successfully identifying the direction of the letter E on that line, the examiner progressively moved down to the 20/20 (6/6) line.

Procedure on Spectrum Eyecare Software

The Spectrum Eyecare Software is packed with approximately 200 tests including VA charts, balance, a test for astigmatism, and binocular and auxiliary tests, such as for the evaluation of muscle paresis (Hess screen). The program has various advantages including a comprehensive library and letters that can be calibrated to any size. The software has LogMAR Snellen letters, Early Treatment Diabetic Retinopathy Study (ETDRS), tumbling Es/Landolt Cs and LEA symbols. The range of VAs using the LogMAR chart is wide, from 6/190 to 6/3.8 (and comparable to the Snellen range of 6/60 – 6/4.5). In this study, version 6.0 of the Spectrum Eyecare Software was used. Visual acuities using this program were evaluated using the SLC with the letters calibrated for a 3 m testing distance. Monocular and binocular VAs at distance were evaluated, with each line consisting of five optotypes equally spaced over a white background with a monitor luminance of 342 cdm−2. The same alphabetical optotype, procedures and criteria as those of the SC were utilised in measuring the VAs using the software program.

Ethical consideration

University of Johannesburg Research Ethics Committee, Ethical Clearance Number: AEC01-09-2014, 07/02/2014.

Results

A total number of two hundred and six (206) study participants randomly selected from three schools were successfully evaluated in this study using the SC and the SLC. The majority of participants were from the intermediate phase (n = 102, 50%), followed by the foundation phase (n = 64, 31%), with the lowest number of participants from the senior phase (n = 40, 19%).

The mean age of the whole sample was 10.13 ± 2.45 years. The ages of the participants were not evenly distributed, with slight negative skewness (−0.96) due to the ages being clustered (63.6%) around the age groups of 10 and 13 years. Recordings of measured VAs were converted to a minimum angle of resolution (MAR) instead of Snellen notation. An MAR of ≤ 1 min (6/6) was regarded as normal, ≥ 1.05 (6/6.3) – 1.95 (6/11.8) was regarded as slightly reduced and ≥ 2 (6/12) – 10 (6/60) was regarded as significantly reduced.18 Non-parametric data analysis methods were used due to the skewed data obtained.

Distance visual acuities of both eyes with the Snellen chart and Spectrum LogMAR chart

The binocular distance VAs obtained using the SC and SLC in the range of 6/3.8 (0.63) – 6/6 (1.00) were found to be high, at 82.8% and 85.6%, respectively, compared to the slightly reduced and significantly reduced VAs. Although there were slight differences obtained using the two methods between the means of the three phases of learning (foundation, intermediate and senior), the VAs using the SLC fell within the normal range (of better than 6/6), and that of the SC fell within the normal to slightly reduced range. Slight differences were observed in comparing mean standard deviations (SD) of the SLC to that of the SC. The SD of the SLC (0.58) was found to be slightly reduced compared to that of the SC (0.90). This therefore suggests less variability of the scores for the VAs of BE, compared to those obtained using the SC.

Distance visual acuities of the right eyes with the Snellen chart and Spectrum LogMAR chart

The distance VAs of the REs obtained using the SC and SLC in the range of 6/3.8 (0.63 min) – 6/6 (1.00 min) were found to be high at 82.8% and 80.7%, respectively, compared to the slightly reduced and significantly reduced VAs (Figure 1). Although there were slight differences obtained using the two methods between the means of the three phases of learning (foundation, intermediate and senior), the VAs of the REs using both methods (SLC and SC) fell within the slightly reduced range. Slight differences were observed in comparing mean standard deviations of the SLC to that of the SC. The standard deviation of the SLC (0.83 min) was found to be slightly reduced compared to that of the SC (1.46 min), therefore suggesting less variability in the VAs score for RE VAs compared to those obtained using the SC (Table 1).
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Distance visual acuities of the left eyes with the Snellen chart and Spectrum LogMAR chart

The distance VAs of LEs obtained using the SC and SLC in the range of 6/3.8 (0.63 min) – 6/6 (1.00 min) were found to be high at 73.2% and 83.2%, respectively, compared to the slightly reduced and significantly reduced VAs (Table 3). Although there were slight differences obtained using the two methods between the means of the three phases of learning (foundation, intermediate and senior), the VAs using the SLC fell within the normal range (of better than 6/6), and that of the SC fell within the slightly reduced range (Figure 1). Slight differences were observed in comparing mean standard deviations of the SLC to that of the SC. The standard deviation of the SLC (1.21 min) was found to be slightly reduced compared to that of the SC (1.46 min). This therefore suggests less variability of the VAs scores for LEs using the SLC, compared to those obtained with the SC (Table 1).

Comparison of the visual acuities of the paired Snellen chart and Spectrum LogMAR chart obtained for both eyes, right eyes and left eyes

Box plots for the VAs of BE, RE and LE obtained using the SLC are shorter compared to that of the SC. The shorter box plot of the VAs of BE, RE and LE obtained using the SLC suggests a high level of agreement compared to that of the SC, further demonstrated by the lower standard deviations. The variability of the VAs of BE, RE and LE scores obtained using the SC is indicated by the larger standard deviations (SD) (Figure 1). The mean value for the VAs of BE, RE and LE using the SC is slightly below 6/6 (1.00 min) compared to that of the SLC (Table 1). This confirms that the VA scores of BE, REs and LEs obtained using the SLC fell within the normal range (of better than 6/6) compared to that of the SC.

The mean scores for the SC are consistently and significantly higher than for the SLC (BE, RE or LE). For example, the difference in the mean scores for SC BE (1.07) and SLC BE (0.84) is 0.22 min; the test indicates that there is a statistically significant difference (p = 0.00) and this is true for the RE and LE (Table 2). In comparing the SC and SLC for the VAs scores for BE, the RE and LE, the mean difference between both methods is less than 0.50 min, indicating clinically insignificant differences between the means (Table 3). The Bland–Altman14 plots for each of the pairs for the SC and SLC of BE, RE and LE demonstrate the agreement between the two tests. The ranges of the mean differences (in min) the limits of agreement (in min), between which 95% of results lie, are ±0.58, ±0.0.81 and ±0.70 standard deviation for BE, RE and LE, respectively, and are indicated in the plots. Results of BE VAs pair obtained with the SC and SLC (0.14–0.31) showed a narrow lack of 95% limits of agreement with each other, followed by the RE (0.09–0.31) and LE (0.12–0.31) (Figures 2–4). This shows the better agreement of the VAs BE scores using the SC and SLC, compared to the VAs measured with the RE and LE.
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Discussion

Visual acuity tests are the focus of most vision screening program to primarily determine amblyopia, refractive errors, strabismus and other visual anomalies. Early detection of amblyopia is viewed as being of vital importance for effective treatment to be implemented within the sensitive period of neuroplasticity in the visual system.18,19,20,21 Nonetheless, other studies have found the evaluation of VAs to reliably screen only for myopia and not to accurately detect hyperopia or astigmatism.22,23 This study has therefore focused on the performance of children when VAs are evaluated using the SC and SLC.

Distance visual acuities for both eyes, right eyes and left eyes

The findings of the current study revealed that 83%, 73% and 83% for the right, left and both eyes, respectively, of the participants were found to have VAs in the normal range of 6/6 or better using the conventional vision screening method. Using the SLC, the distribution of VAs in the normal range was 81%, 83% and 86% for the RE, LE and BE, respectively. The data of the current study on the SC and SLC were found to be consistent with the results of similar studies in which the prevalence of good VAs (6/6 or better) in the same age group was ≥ 85%.24,25,26 However, a 10% difference of more participants (83%) was found to have VAs in the normal range for the RE using the SLC compared to the SC. The findings of the two different methods are almost similar, with a difference of ≤ 3% for the LE and BE. The findings of similarities between the LE and BE using the two methods are consistent with those of the above - mentioned previous studies. Nonetheless, it should be borne in mind that previous studies used the SC only to evaluate the VAs, and the criteria used for a pass and fail were different from those of this study.

Contrary to the findings of our study, other studies compared the VAs measurements using the Eye Snellen iPad app and smartphone to a standard SC and found no significant differences between the methods.8,9,10 However, the limitation for generalising the findings of these studies is that the method of sampling was purposive, with participants recruited from eye clinics, and the sample sizes were small. It should further be noted that in the above-mentioned studies, the advantages of using portable software were acknowledged, including the ability to randomise optotypes, user-friendliness and expediency, with which the researcher concurs.8,9,10 However, broader issues must be addressed for the incorporation of any mobile applications into the clinical setting, including information on the scientific validity of each application.

In comparing the sample means for results with the SC and SLC, they were found to be dissimilar, as shown in Table 1. Dissimilar means can be attributed to various factors related to the inherent characteristics (resolution vs recognition acuity) of the targets used in the two methods. The fundamental design flaws in the SC, including the non-geometric progression of letter sizes, the variable number of letters per line and the lack of a standardised scoring system, should be considered when this method is used for vision screening.1 The LogMAR charts used in the Spectrum Eyecare Software program were found previous studies to maintain a consistent ratio between optotypes and spacing, regardless of the angular subtense of the optotype, unlike the SC where each individual letter is assigned an individual score.11 The better performance of participants using the SLC in terms of the high scores of normal VAs, and a better mean, could also be attributed to the high resolution with which the computer screen is equipped, and the anti-glare screen protector used in the current study. Given that the VA scores using the SLC were identified as slightly better compared to the SC, the additional advantages of using this method are better contrast control and more flexibility in test options, together with the program being stimulating, rapid and easy to operate.

However, in an evidence-based update on VA measurements in children, a conclusion was reached that comparisons of VA measurements using different methods must be handled with caution.27,28,29 The observed changes in VAs may reflect a change in the chart design rather than an actual change in visual function, and the current study supports this view. The current study’s statistically significant differences (p < 0.05) were determined using paired correlation tests. A correlation that is statistically significant for the VAs, measured using the SC and SLC, was determined. However, the VAs of BE using the two methods were found to have a better level of agreement compared to the VAs obtained for the RE and LE using both methods.

Conclusion

This study has provided evidence that children of schoolgoing age (6–19 years) perform slightly better when the unaided VAs are evaluated using the SLC. However, the difference between the SLC and SC was found to be minimal (one-line difference), and both methods were identified as similar in detecting poor distance vision. Further validation of the SLC compared with the ‘gold standard’ (e.g. the Bailey Lovie or LogMAR ETDRS) is required for the assessment of VAs in children of schoolgoing age. But this study suggests that the methods are comparable and can be used in an interchangeable manner for vision screening purposes. However, the design problems of the SC still need to be addressed, related to accurately measuring VAs for children in the schoolgoing age group.
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FIGURE 1: Box and whisker plots for the visual acuities scores obtained using the
Snellen chart and Spectrum LogMAR chart for both eyes (OU), right eyes (OD)

and left eyes (OS).
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FIGURE 4: A Bland-Altman graph showing the agreement between scores of
visual acuities (in min) for left eyes obtained with a Snellen chart and Spectrum
LogMAR chart. Units for differences and means in Figures 2-4 are minutes.
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FIGURE 3: A Bland—Altman graph showing the agreement between scores of
visual acuities (in min) right eyes obtained with a Snellen chart and Spectrum
LogMAR chart.
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FIGURE 2: A Bland-Altman graph showing the agreement between scores of

visual acuities
LogMAR chart.

(in min) for both eyes obtained with a Snellen chart and Spectrum
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TABLE 3: Mean differences (in min) of the visual acuities obtained with a Snellen chart and Spectrum LogMAR chart for both eyes, right eyes and left eyes.

Paired samples test Paired differences t Df Sig. (2-tailed)
Mean D SE 95% Cl of the difference
Lower Upper
Pair 1 SC (BE) - SLC (BE) 022 058 0.04 0.14 030 547 205 0.00
Pair 2. SC (RE) - SLC (RE) 020 081 0.06 0.09 031 354 205 0.00
Pair 3 SC (LE) = SLC (LE) 022 0.70 0.05 0.12 031 442 205 0.00

SC, Snellen chart; SLC, Spectrum LogMAR chart; BE, both eyes; RE, right eves; LE, left eyes; Sig. significance; SD, standard deviation; SE, standard error: Cl, confidence interval; df, degree of freedom.
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TABLE 2: Paired sample correlations of the visual acuities obtained using a Snellen
chart and Spectrum LogMAR chart for both eyes, right eyes and left eyes.

VA for BE, RE & LE with SC & SLC N Correlation sig.
SC (BE) & SLC (BE) 206 077 0.00
SC (RE) & SLC (RE) 206 069 0.00
SC (LE) & SLC (LE) 206 081 0.00

VA, visual acuiy; SC, Snell
eves; LE, left eyes; Si

chart; SLC, Spectrum LogMAR chart; BE, both eyes; RE, right
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TABLE 1: Descriptive statistics for Snellen chart and Spectrum LogMAR chart
mean differences for both eyes, right eyes and left eyes and distance visual
acuities in minimum angle of resolution.

SC & SLC pairs Mean N Std.deviation  Std. error mean

Paired samples statistics

Pairl  SC(BE) 107 206 090 0.06
SLC (BE) 084 206 058 0.04

Pair2  SC(RE) 111 206 111 0.08
SLC (RE) 091 206 073 0.05

Pair3  SC(LE) 118 206 1.20 0.08
SLC (LE) 096 206 092 0.06

Note: Units are minutes throughout.

Std., standard; SC, Snellen chart; SLC, Spectrum LogMAR chart; BE, both eyes; RE, right eyes;
LE, left eyes.





