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Introduction: 

Colour vision is an important element in our daily tasks. Without normal colour 
perception, humans will face many challenges in life such as difficulty in determining 
the traffic light signals, distinguishing the ripeness of fruit, distinguishing the colour 
codes designed for safety purposes and index labels as well as limitation in the selection 
of critical occupation such as in the police force, military, pilots, commercial drivers 
and many more.1,2,3. 

Colour vision deficiency (CVD) is an ocular disorder when one type of the 
cones has defect or lack in density. This leads to weaknesses in perceiving colours as 
each type of cone corresponds to different wavelengths. Congenital colour deficiency 
is commonly exhibited as red-green colour defect. Most of the time, colour deficient 
conditions occur since birth due to hereditary factors and it is often inherited as an X-
linked recessive trait. This is evident when comparing the prevalence of colour 
deficiency in male and female. According to Birch (2012) study, congenital colour 
deficiency affects 4.20-6.50% in male and 0.20-1.70% in female among the Asian 
populations including China, Taiwan, Korea and Singapore.4 In Malaysia, the 
prevalence of congenital colour deficiency in male and female are 4.80% and 0.20%, 
respectively.5 The prevalence of colour deficiency is expected to rise with population 
growth. 

Currently, there is still no treatment for colour deficiency condition. However, 
many researchers are striving to invent colour vision aids to help the colour deficient 
subjects in improving colour perception. Currently, there are many types of aids 
available in the market such as the tinted eyeglasses, special tinted contact lenses and 
opto-electronic glasses.6 Most of these aids use the concept of red filter to enhance 
colour perception. This is because red filter can increase the transmission of long 
wavelength by absorbing the short and medium wavelengths. Therefore, the 
differentiation between red and green colour can be appreciated.7 

Even so, different colour vision aids show different results on colour deficient 
subjects. This is likely due to the inconsistency in red colour tone during the 
manufacturing process of red-tinted contact lenses. Diaconu et al. (2010) also reported 
an increase in the perception of red colour which in line with the loss of green and 
yellow colour perception when red filters were used on protan subjects.8 

To date, the guidelines in purchasing colour vision aids still do not exist. 
Therefore, this study is proposed to determine the effectiveness of red-tinted lenses 
which have specific spectral transmittance and to relate it with the total error score (TES) 
value. This is to assist the colour deficient subject to select suitable colour vision aids 
that can provide optimum effectiveness. 

Methods: This clinical trial was conducted on 6 congenital colour deficient subjects 
who failed the Ishihara test during a colour vision screening session done in the 
Optometry clinic of National University of Malaysia. A sample size of 6 people was 
calculated using Gpower calculator for Wilcoxon Signed-Rank test at effect size 0.5, 
alpha value 0.05 and power value 0.25. Judgement sampling was used to obtain the 
subject. The colour deficient subjects selected for this study were aged between 18 and 
40 and were free from ocular and systemic diseases.  



The colour vision tests included in this study were Ishihara 38-plate Edition 
(Kanehara & Co., Ltd 1999) and Farnsworth-Munsell 100 Hue (FM 100 Hue) test. Four 
different types of red-tinted contact lenses (labelled as Type A, B, C and D) which 
varied in its tone were used. The spectral transmittance of all the contact lenses was 
measured using a spectrophotometer (PRIM Light Model, SECOMAM®) in a  private 
contact lens laboratory. 

The room illumination was set at 360 lux for the Ishihara test and 780 lux for 
Farnsworth-Munsell 100 Hue test. This illuminance was measured using a lux meter 
each time before data collection. The illuminance of the Ishihara test was set up in the 
range of 100-650 lux as suggested in Ram et al. and Bowman et al.9,10 It is important to 
ensure consistent illumination for the colour vision tests so that the accuracy of the 
results is not disturbed by external factors.11 

After giving informed consent and measuring visual acuity, the subjects were 
assessed with Ishihara test and FM 100 Hue test to obtain the error score before the 
intervention of colour vision aids. The red-tinted contact lenses were inserted into the 
non-dominant eye after determining it through the Miles Test. The Ishihara test was 
conducted again after the insertion of all four types of red tinted contact lenses. The 
error score after the wearing of red-tinted contact lenses was recorded. The plate was 
considered correct if the subject reported a correct number despite an unclear edge of 
number was seen on the Ishihara plates. The subjects were also asked to choose the 
most comfortable contact lenses subjectively.  

SPSS version 25 was used to analyze the data. Descriptive statistics was used 
to report demographic data and the improvement of error score in Ishihara test for each 
red-tinted contact lens. Due to small sample size, non-parametric tests such as the 
Spearman’s rho test, One-Sample Wilcoxon Signed-Rank test and Wilcoxon Signed-
Rank test were used for data analysis.  

This study had been approved by the Research Ethics Committee of UKM with 
a reference number of UKM PPI/111/8/JEP-2021-145. This study was conducted 
according to the principles of Declaration of Helsinki. All the subjects were adults and 
written consent were all granted by them before the start of the trial. 

 

Declaration of Competing Interest 

The authors declare that there is no conflict of interest. 

 

Funding: This research received funding from Mutiara UKM FSK.TDP.600-7/1/2.  

 

 

 



References: 

1. Simunovic M. 2010. Colour vision deficiency. Eye (Lond.). 2009 Nov 20; 24:747–

755. doi:10.1038/eye.2009.251 

2. Mutalib HA, Md Mustafa Syah MMS, Mohammad Fadzil N, 2011: Effectiveness of 
computerized visual screening tool used in driving schools in Malaysia. Malaysian 
Family Physician 6(1); 15-18; 

3. Mutalib, H.A., Kaur, S., Keu, L.K., Choo, F.K. 2012. Special tinted contact lens on 
colour-defects. La Clinica Terapeutica 163 (3):199-204. 

4. Birch J. Identification of red–green colour deficiency: sensitivity of the ishihara and 
american optical company (hard, rand and rittler) pseudo-isochromatic plates to 
identify slight anomalous trichromatism. Ophthalmic and Physiological Optics 2010 
Mei 14; 30(5): 667–671. doi:10.1111/j.1475-1313.2010.00770.x  

5. Reddy SC, Hassan M. Refractive errors and other eye diseases in primary school 
children in Petaling Jaya, Malaysia. Asian Journal of Ophthalmology 2006; 8(5): 195–

198. doi:10.1111/j.1475-1313.2010.00770.x 

6. Salih AE, Elsherif M, Ali M, et al.Ophthalmic wearable devices for colour blindness 
management. Advanced Materials Technologies 2020 Mei 17; 5(8): 1901134. 
doi:10.1002/admt.201901134  

7. Badawy AR, Hassan MU, Elsherif M, et al. Contact lenses for color blindness. 
Advanced Healthcare Materials 2018 April 26; 7(12):1800152. 
doi:10.1002/adhm.201800152 

8. Diaconu V, Sullivan D, Bouchard JF, et al. Discriminating colours through a red 
filter by protanopes and colour normals. Ophthalmic and Physiological Optics 2009 Jul 
29; 30: 66–75. doi:10.1111/j.1475-1313.2009.00695.x  

9. Ram S, Bhardwaj R. To assess the effect of lighting on identifying the Ishihara colour 
vision plates in trichromats. Ophthalmology Research: An International Journal 2017 
April 24; 7(1): 1-6. doi: 10.9734/OR/2016/33018 

10. Bowman KJ, Cole BL. A recommendation for illumination of the Farnsworth-
Munsell 100-Hue Test. Optometry and Vision Science 1980 November; 57(11): 839-
843. doi:10.1097/00006324-198011000-00010 

11. Bowman KJ. The clinical assessment of colour discrimination in senile macular 
degeneration. Acta Ophthalmologica 1980 Jun; 58(3): 337–346. doi:10.1111/j.1755-
3768.1980.tb05732.x 

12. Vingrys AJ, King-Smith E. A quantitative scoring technique for panel tests of 
colour vision. Investigative Ophthalmology Visual Science 1988; 29(1): 50–63. 

13. Vingrys AJ. The use of colour difference vectors in diagnosing congenital colour 
vision deficiencies with the Farnsworth-Munsell 100-hue test. Ophthalmic and 
Physiological Optics. 1991 January 11; 12: 38-45 doi: 10.1111/j.1475-
1313.1992.tb00252.x 

14. Almutairi N, Kundart J, Naganathan M, et al. Assessment of enchroma filter for 
correcting color vision deficiency. 2017. 



15. Martínez-Domingo MA, Gómez-Robledo L, Valero EM, et al. Assessment of vino 
filters for correcting red-green color vision deficiency. Optics Express 2019 Jun 24; 
27(13): 17954–17967. doi:10.1364/OE.27.017954  

16. Evans A. Color is in the Eye of the Beholder: A Guide to Color Vision Deficiency 
and Colorblindness, CVD Pub., Auburn, CA; 2003. 

17. Salih AE, Elsherif M, Alam F, et al. Gold nanocomposite contact lenses for color 
blindness management. American Chemical Society 2021 Feb 11; 15(3): 4870-4880. 
doi:10.1021/acsnano.0c09657  

18. Efron N, Brennan NA, Currie JM, et al. Determinants of the initial comfort of 
hydrogel contact lenses. Optometry and Vision Science 1985 Oct 16; 63(10): 819–823. 
doi:10.1097/00006324-198610000-00005  

19. Ozkan J, Willcox MD. The effect of lens modulus on insertion comfort withsilicone 
hydrogel lenses. Investigative Ophthalmology Visual Science 2011; 52(14): 6515. 

 

 

 

 

 


