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ABSTRACT

Objective: To verify the capacity of a new test in identifying individuals with and without dyschromatopsia and to measure their disturbance,
based on Ishi-hara’s standard test. Methods: Fifteen computer-generated images for the di-agnosis of dyschromatopsia were used
to create a new test. These images proved to be helpful in the diagnosis of dyschromatopsia, and they were used as the basis for an
additional 120 images of numbers that were created with increasing gradients of -=10% to +40% green hue in each of the numbers.
These images were distributed across 15 pages, printed and presented to the participants, wich should identify the number displayed
on each of the images. Results: A total of 223 individuals were evaluated, 130 of whom were females and 93 of whom were males.
Five male subjects were diagnosed with dyschro-matopsia, with errors in the identification of an average of 62.6% of the 135 images
presented. The other male subjects had a mean error rate of 5.04%. The variation in green hue intensity in the numbers presented in
the images did not allow for the measurement of the degree of dyschromatopsia. Conclusion: The percentage of individuals diagnosed
with dyschromatopsia was lower than expected. It was not possible to determine the degree of dyschromatopsia us-ing the test created
herein. However, with the software developed, we can cre-ate new tests to diagnose and try to determine the degree of dyschromatopsia.
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RESUMO

Objetivo: Verificar a capacidade de um novo teste em identificar individuos portadores ou ndo de discromatopsia e graduar seu
disturbio, tendo como base de comparacgéo o teste padrdo de Ishihara. Métodos: Quinze imagens criadas para o diagnoéstico de
discromatopsia foram utilizadas no desenvolvimento do novo teste. A partir dessas, eficazes no diagndstico de discromatopsia, foram
criadas120 imagens numéricas com graduagdes crescentes de -10% a +40% da cor verde em cada um dos numeros. Essas imagens
foram distribuidas em 15 paginas, impressas e apresentadas aos individuos testados, que deveriam identificar o nimero visualizado
em cada uma das imagens. Resultados: Avaliou-se 223 individuos, sendo 130 do sexo feminino e 93 do sexo masculino. Cinco
individuos do sexo masculino foram diagnosticados com discromatopsia, com 62,6% de erros de identificagdo das 135 imagens
apresentadas, enquanto os demais apresentaram, em média, 5,04% de erros. A variagdo na graduagao da cor verde nos niumeros das
imagens apresentadas ndo permitiu mensurar o grau de discromatopsia. Conclusao: A porcentagem de individuos diagnosticados
com discromatopsia foi menor que o esperado. Nao foi possivel graduar a discromatopsia com o teste criado, porém, com o software
desenvolvido, sera possivel criar novos testes para diagnosticar e graduar a discromatopsia.
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Test to diagnose color vision disorders

RESUMEN

Objetivo: Verificar la capacidad de un nuevo test para identificar individuos portadores o no de discromatopsia y graduar su
alteracion, teniendo como base de comparacion el test estandar de Ishihara. Métodos: Quince imagenes creadas para el diagnoéstico
de discromatopsia se utilizaron en el desarrollo de la nueva prueba. A partir de éstas, las cuales son eficaces en el diagndstico de
discromatopsia, se han creado 120 imagenes numéricas con graduaciones crecientes de -10% a +40% del color verde en cada uno
de los numeros. Dichas imagenes fueron distribuidas en 15 paginas, impresas y presentadas a los individuos participantes del test,
quienes deberian identificar el nimero que visualizaban en cada una de las imagenes. Resultados: se evaluaron 223 individuos,
siendo 130 del sexo femenino y 93 del sexo masculino. Cinco individuos del sexo masculino fueron diagnosticados con discromatopsia,
con 62,6% de errores de identificacion de las 135 imagenes presentadas, mientras los demas presentaron, en promedio, un 5,04%
de errores. La variacion en la graduacién del color verde en los niumeros de las imagenes presentadas no permitié medir el grado
de discromatopsia. Conclusion: El porcentaje de individuos diagnosticados con discromatopsia fue menor que el esperado. No fue
posible graduar la discromatopsia con el test que se ha creado, sin embargo, con el desarrollo del software, sera posible crear nuevos
tests para diagnosticar y graduar la discromatopsia.

Palabras Clave: Achromatopsia; Defectos de la Vision Cromatica; Daltonismo; Pruebas de Percepcién de Colores.

INTRODUCTION

The English scientist John Dalton pioneered the study of congenital color vision abnormalities in 1798.:2
Hence, congenital color vision deficiency is commonly known as Daltonism. However, some authors describe
congenital color vision deficiency as synonymous with congenital dyschromatopsia,® whereas others believe it is
synonymous with protanopia.*

Dyschromatopsia (dys = disorder; chromos = color; opsis = eye) is a term used to denote any anomaly
in color vision. People with congenital dyschromatopsia are rarely aware of their disorder, because their visual
system is based on the distinctions or comparisons between color fields formed from differences in brightness
and color saturation.® Disorders involving seeing green and red are the most prevalent worldwide.® "8 In Brazil,
the incidence of dyschromatopsia is approximately 8% for men and 0.4% for women.®

Several tests to evaluate chromatic sensitivity have been developed over the years, including the Ishihara
test, the Hardy—Rand-Rittler plates, the City University Colour Vision Test, the Farnsworth-Munsell 100-Hue
test, and the Farnsworth D15 Color Blindness Test. Another option, the Cambridge Colour Test (CCT), has been
applied in computer-based scientific studies.'® " 12,

Despite the variety of existing tests, none are considered complete. They are limited by hue degradation
and changes over time in the variability of tones according to the lighting and by the difficulty in instructing pa-
tients on how to use them.?

Therefore, this study sought to determine the efficacy of a new test in terms of its ability to identify individuals
with and without dyschromatopsia, having as basis of comparison the standard test Ishihara and to determine
the degree of their disorder.

METHODS

Graphics-editing software developed by the researchers foreseen for research and patented at INPI (Instituto
Nacional de Propriedade Industrial) was used to create images containing 900 circles with editable numbers in
the center. (Figure 1) Seven colors with different intensities make up the background and 3 different colors form
the center number. Colors are defined as precise blends of the 3 primary colors (Red, Green, and Blue). Each
primary color has 256 values. This makes 16,777,216 possible colors. In a previous study, we had selected 15
images that were equivalent to those used in the Ishihara test for the diagnosis of dyschromatopsia.

From these images and using precisely defined colors, were created 120 more images of numbers with
different intensity gradients of —10%, -20%, —30%, —40%, +10%, +20%, +30%, and +40% of green hue. These
images were distributed into 15 tables, each of which contained 9 images identified as A to |, which were printed
and presented to the participants, as shown in Figure 2. Individuals were asked to identify the number present
in the image and to mark an “X” on a scoresheet labeled with the letters A to | next to the letter corresponding
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Figure 1. Precise control in color specification. Each basic color (red, green, blue) has 256 values. The first three colors
define the center number and the other seven make up the background.

to the image in which they were able to see the number. If they did not see the number, they were instructed to
leave the position corresponding to that image blank on the scoresheet.

The test was applied in two steps. Initially, the individual had to write down the numbers he saw on the 15
plates contained in Ishihara’s Test (Ishihara’s Test for Color Deficiency 24 plates - edition 1997 - Kanehara & Co.,
LTD, Tokyo, Japan). Later he had to write down the numbers he could see from the 15 printed images that make
up the new test. The individual participant would have to identify the number contained in the image.

The data collected were organized into a spreadsheet containing correct answers and errors, comparing
the Ishihara test and then analyzed statistically. Shapiro—Wilk tests were performed to verify the assumption of
normal distribution of the continuous variables.

Thus, the studied variable consists of the correct identification of the printed figure, being measured by the
frequency of correct answers in the new test when comparing with the figure of the standard diagnostic test for
dyschromatopsia (Ishihara).

These variables were compared for gender as a factor using the non-parametric Mann—Whitney U-test.
Pearson’s chi-squared test was used to determine whether there was an association between gender and a 100%
score on the test. To measure the strength of association, the odds ratio and 95% confidence interval were cal-
culated. All statistical analyses were performed at a significance level of 0.05 using SPSS software, version 18.
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Figure 2. Arrangement of the 9 images with different green hue intensities (-10 to +40) in printed form, as presented to
the subjects of the test.

In order to define the sample size, the prevalence of congenital dyschromatopsia in the population was
calculated using Formula 1 below:"®

_ Zip(L—p)
T (R

Where: Z_ = 1.96 (for estimates using 95% confidence intervals), p is the expected proportion of subjects
in the study and E_ is a measure of the sample error or precision error that was accepted for the study.

Given the fact that the expected prevalence of dyschromatopsia is less than 10% and given a margin of
error of 5% on this estimate (E, = 0.05 or E; = 5%) and a 95% confidence interval, the minimum sample size (n)

0
was determined to be 138 individuals.
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This new test was developed as part of a partnership between the Departments of Medicine and Com-
puter Science at the Centro Universitario de Belo Horizonte. The project was approved by the Research Ethics
Committee on September 3, 2014 with the Certificate of Presentation for Ethical Consideration registry number
35526014.0.0000.5093. All the individuals tested were informed about the test and signed the informed consent
form.

With the new test images defined, a cross-sectional study was carried out using the Ishihara test and the
new test developed with images presented to participants in printed form. The individuals tested were randomly
selected from students who attended the last 3 grades of regular education, aged between 15 and 18 years.

All the tests were performed indoors with the presence of windows that allowed the entrance of daylight. No
test was performed under artificial light or at times of low natural light. In addition to the controlled luminosity, the
participants of the tests were placed at a distance of reading of the presented images, that is to say, about 45cm
of distance. There were no corrections in visual acuity and refractive errors of the participants, except for those
who previously used corrective lenses. Response time was not defined and communication between participants
was prevented during the application of the test.

The images selected for the test represent images aimed at the diagnosis of deficiency in the deutan and
protan color axes. To simulate these deficiencies and thus obtain a more consistent parameter in the creation of
the images, the researchers used glasses with subtractive filters for the green and red colors, in order to simulate
the vision of a dyscromatopsia carrier of the protan and deutan, which are the most prevalent in the population.™

The slides occupied a sheet of 21cm x 29.5cm, had standard character size and color saturation level as
defined by the software.

As limitations of the study, it was not part of this investigation to consider variations of size, color saturation
or other technical data because the initial blade model was previously defined according to the Ishihara test and
the settings pointed out by the software. In addition, all characters are numeric, which can make your application
unlearnable for illiterates.

The comparative analysis between the images of the original Ishihara test and the new test demonstrated,
in a previous study for validation of the test, in both cases, high agreement (96%) between the results of the
tests. Despite the high agreement between the results, the cut-off point for defining the presence of color vision
deficiency was 13 hits in 15, higher than in the original Ishihara test, in order to obtain a sensitivity of 100% and
specificity of 100 %.

RESULTS

A total of 223 volunteers from 2 public high schools in Belo Horizonte, Brazil, aged =216 years were evalu-
ated. Of the total number of participants, 130 (58.3%) were females and 93 (41.7%) were males. The mean age
of the subjects was 16.8 years, with a standard deviation of 0.8 years. The median age was 17 years.

Graph 1 shows that most of the subjects presented high scores for both the sum (maximum = 135) and
percentage of correct answers in the identification of the green hue in the images with their respective intensity
gradients.

The median value of the sum was 132, indicating that 50% of individuals had a sum =132 values. The
first and third quartiles were equal to 127 and 135, respectively. These values indicated that 25% and 75% of
the individuals presented sums less than or equal to 127 and 135 values, respectively. When the percentage of
correct answers was considered, the median value was found to be 97.78, indicating that 50% of the subjects
achieved a percentage =297.78%. The first and third quartiles were equal to 94.07 and 100, respectively. These
values indicated that 25% and 75% of the individuals presented sums less than or equal to 94.07% and 100%,
respectively.

Five individuals presented a high degree of error (62.5%). These subjects either failed to identify or incor-
rectly identified the number in the image. The remaining 128 subjects correctly identified the vast majority of the
numbers in the images, with a mean error rate of 5.04%. Therefore, the 5 individuals who made more mistakes
were diagnosed as having some degree of dyschromatopsia. Based on the Mann—Whitney U-test, the difference
between the 2 groups was found to be statistically significant (p < 0.001), as shown in Table 1.

The 5 subjects diagnosed with dyschromatopsia presented a high rate of error in the identification of the
numbers in the 135 test images (15 numbers with 9 different intensities of color). However, no uniform variations
in responses were found to be associated with the variations in the intensities of green contained in the numbers
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Graph 1: Histogram of the distribution of the scores obtained by the study subjects, with sum and percentage of correct
answers as variables.

in the images. This indicated that numbers with lower intensities of green were not more difficult to identify than
those with the highest intensity of green.

DISCUSSION

The need for correct perception of colors in academic, artistic, professional, industrial, and even scientific
activities has made the study of the characterization of color vision disorders increasingly important. Color vision
tests that identify disorders and patients’ degree of impairment have therefore become increasingly necessary.
Current tests seek to classify individuals as normal or abnormal according to their color perception and to deter-
mine different degrees of dyschromatopsia (mild, moderate, and high)."

This study sought to determine the efficacy of a new test no only to identify individuals with and without
dyschromatopsia, but also quantify abnormal grade the disorder.

Among the tests for the clinical evaluation of chromatic sensitivity, the Ishihara test is the best known and
the most commonly used test worldwide. Studies show that it is still the most effective exam (the gold standard)
for a quick identification of congenital color vision deficiencies. However, this test cannot provide a quantitative
evaluation of the deficiency presented because it does not include boards for measuring the disorder severity.™
It is a printed material, which fade and may interfere with the diagnosis. The standardization of the test and proof
of its sensitivity will lead to the production of material available on the electronic platforms, such as smartphone
and tablet applications, which would solve this issue. In addition, it would not be necessary to perform color vi-
sion tests complementary to the Ishihara when the characterization of the type and intensity of dyschromatopsia
becomes necessary."

Computerization of color vision tests can be seen as a way to overcome some of the difficulties inherent to
former methods by minimizing errors in light and color variation and mistakes made by examiners in the calculation
and presentation of results. This tool makes the tests more reproducible, facilitates their clinical use, reduces the
resources needed, and reduces the time required to analyze the results. After standardization, the test will be
available through an app for tablets and smartphones.

The use of electronic platforms to perform chromatic sensitivity tests is already known and there are some
tests available, but they have limitations. The TwoDocs Test (version 95, TwoDocs, Inc.) is a computer-based test
for evaluating color vision and contrast sensitivity as well as their abnormalities. The sensitivity and specificity of
this test have been evaluated and were considered to be overestimated. Therefore, the test is considered useful
for screening; however, another test is required to confirm the diagnosis.®

The same findings were reported for the computer-based color vision test known as the City University
Colour Vision Test. Despite the high quality of the calibrated monitor and graphics card used in the computer,
the computerization was unable to accurately reproduce the colors of the gold standard and overestimated the
diagnosis."’
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Table 1. Mean (tstandard deviation) and median values (minimum—maximum) for the 218 patients who were not diagnosed with dyschroma-topsia
and for the 5 patients who were.

Diagnosis Mean (+Standard De-viation) Median (Minimum—-Maximum Range)
Dyschromatopsia diag-nosis 62.60 (+26.69) 47 (37-93)
No dyschromatopsia diagnosis 5.04 (£6.67) 2 (0-33)

Mann-Whitney U-Test; p < 0.001.

In the case of the Mollon—Reffin minimal color vision test and its commercial version, the CCT, studies have
demonstrated that if the necessary adaptations are made, the test is suitable for assessing color discrimination
in young children and can be a useful tool for identifying color vision variations during development.® 1®

In the face of all this, the need to standardize a more complete test not only to identify individuals with
dyschromatopsia but also to quantify and grade their disorder, combined with the ease of available technologies
and applications, is further reinforced.

The use of computer and mobile device applications as diagnostic tools in ophthalmology has become
commonplace. For example, Snellen eye charts for smartphones can now be used to test visual acuity. Some
applications allow professionals to test characteristics such as color vision, pupil size, and oculomotor reflexes,
whereas others offer tests for astigmatism and an Amsler grid, just to name a few.?° Even so, the use of smartpho-
nes, particularly as diagnostic tools, has not been standardized, and the results must be carefully considered.?'

Five of the subjects in this study were diagnosed with dyschromatopsia using the test created herein. This
result is consistent with data in the literature: red—green dyschromatopsia is caused by changes in the X chro-
mosome, and its transmission is recessive X-linked, indicating that the prevalence of dyschromatopsia is higher
in males.™

In terms of percentages, these individuals accounted for 5.37% of the study sample, a percentage that was
lower than expected because the available prevalence data point to dyschromatopsia in 8% of men and 0.4% of
women.” This difference is likely due to the fact that extreme differences in the intensity of green of the numbers
on the test were on the same page, which may have made it easier for subjects to correctly identify the numbers.
Therefore, the variation in the intensity of green in the numbers presented in the images did not allow for the
measurement of the degree of dyschromatopsia. It is important to note that the quantification of dyschromatopsia
does not imply the severity of the disorder.

The study demonstrated that the new test is able to diagnose dyschromatopsia in the general population.
The proposal is, after standardization, the production of a material available on the electronic platforms, such as
smartphone and tablet applications, for the test to be used in the ophthalmological consultation.

CONCLUSION

Evaluation of the chromatic sensitivity is of fundamental importance in ophthalmology practice. Although
the test proposed herein was able to identify subjects with dyschromatopsia in the study sample, it still requires
additional evaluation and adjustments before its true ability to evaluate color vision and measure the degree of
dyschromatopsia can be determined. The latter was not possible in this study, in which only the intensity of green
of the number varied on the test.

We believe that the software used in this study will allow us to create new tests in order to diagnose and
measure color vision disorders more easily and accurately.
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