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ABSTRACT

Background: Retinal damage caused by blue light can result in glare, decreased visual acuity, and accelerated
macular degeneration. In clinical practice, blue light-blocking glasses, such as driving glasses, are used to
block blue light effectively. This study was aimed at measuring light transmittance to analyze the blue light-
blocking efficiencies of blue light-blocking and driving spectacle lenses manufactured with tinting, coating,
and only materials and at distinguishing the difference between the two spectacle lenses.

Methods: Blue light-blocking and driving spectacle lenses used to measure light transmittance were
manufactured with tinting ( blue light-blocking lenses by tinting or “BTL” and driving spectacle lenses by
tinting or “DTL,” respectively), coating (blue light-blocking lenses by coating or “BCL” and driving spectacle
lenses by coating or “DCL,” respectively), and only materials (blue light-blocking lenses by material or
“BML” and driving spectacle lenses by material or “DML,” respectively).

Results: Compared to BTL, DTL had a significantly greater decrease in the light transmission efficiency
for visible and blue lights (P < 0.05). The blue light hazard function was lower for BML and DML than for
conventional coating lenses in both visible and blue lights, although without significant differences between
visible and blue lights (P > 0.05).

Conclusions: The blue light-blocking spectacle lenses had the highest blue light-blocking efficiency when
manufactured with tinting, coating, and only materials, in order. With DML, the blue light-blocking efficiency
was lower compared to DTL but higher compared to DCL. Therefore, DML could provide a balanced glare
control and clear retinal image overall. To evaluate the detailed performance of the blue light-blocking
and driving spectacle lenses presented in this study, a follow-up study on subjective wearing experience is
necessary.
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Sunlightand artificial lighting above a certain level may cause glare [ 1], necessitatinglight pollution prevention
measures [2]. Discomfort glare is caused by excessive luminance, which induces visual annoyance, and is
mainly quantified through subjective measures, such as the de Bore glare scale [3-5]. Disability glare refers

to reduced contrast sensitivity and severe visual damage caused by scattered light [6,7].
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Blue light-blocking efficiency of blue light-blocking and driving spectacle lenses

Mainster and Turner reported that the incident ray on the eyeballs causes glare and suggested four types of
glare [8]. Glare measurement has considerable significance in clinical optics related to visual acuity. However, the
objective measurement of glare is difficult [9].

Glare may occur during night-driving. Glare followed by minor visual damage is difficult to identify using
visual acuity measurements. In addition, even within the normal range, a driver can temporarily experience
severe visual impairment and, thus, reduced driving ability [10-12]. Although visual acuity can be used to
assess the prerequisite of driving skills, driving is still unsafe until a more detailed evaluation method is applied
to screen for potential risk factors, such as glare [13]. The contrast sensitivity test reveals obstructions caused
by decreased visibility during night-driving better compared to the visual acuity test [14]. Visual changes are
strongly correlated with the safety of drivers and pedestrians. Glare slightly reduces cognitive ability for objects
as the driver’s contrast sensitivity decreases [15-17].

Regarding a suitable lens for night vision, Koh and Jeon found driving lenses to be more effective in enhancing
contrast visual acuity and reducing visual acuity recovery time compared to normal lenses [1]. Park and Chu
found that night-driving lenses did not affect accommodation or pupil size [18]. Blue light emitted from a car
light source causes glare and reduces visibility at night. In addition to blue light-blocking, driving glasses should
block glare in consideration of the intensity and frequency of light emitted from the car light source [19, 20].
The exact blue light-blocking and glare control performances should be considered for driving glasses in clinical
Ppractice.

Retinal damage caused by blue light can result in glare, decreased visual acuity, and accelerated macular
degeneration [21]. However, patients with pseudophakic eyes should be cautious when exposed to excessive
light-emitting diode light [22]. The blue light wavelength (emitted mostly from light-emitting diodes) ranges
from 380 to SO0 nanometer (nm). It comprises purple, blue, and cyan with wavelengths of 400, 460, and 507 nm,
respectively. Blue light is not absorbed by the cornea or crystalline lens and eventually reaches the retina [23].
In clinical practice, blue light-blocking glasses, such as driving glasses, are used to block blue light effectively.
Manufacturing methods include tinting, coating, and using only materials [ 23 ]. However, the blue light-blocking
performance depends on the manufacturer’s data, which are lacking.

This study was aimed at investigating the blue light-blocking efficiency for glare control by measuring light
transmittance by blue light-blocking and driving spectacle lenses manufactured with tinting, coating, and only
materials. The distribution areas were also calculated to confirm the characteristics according to the manufacturing
method. Furthermore, we aimed to distinguish between blue light-blocking and driving spectacle lenses.

The blue light-blocking and driving spectacle lenses used to measure light transmittance. They manufactured with tinting
(hereafter referred to as blue light-blocking lenses by tinting or “BTL” and driving spectacle lenses by tinting or “DTL,’
respectively), coating (hereafter referred to as blue light-blocking lenses by coating or “BCL” and driving spectacle lenses
by coating or “DCL,” respectively), and only materials (hereafter referred to as blue light-blocking lenses by material or
“BML” and driving spectacle lenses by material or “DML,” respectively). In addition, a conventional coating lens (CCL)
with refractive index (n) of 1.60 was selected for comparison (producted by SOMO® Opt., , south Korea). The vertex
refractive power (D) and n of all glasses were unified as 0.00 and 1.60, respectively (Figure 1).

Light transmittance was measured using a spectral transmittance meter (TM-1, Topcon, Tokyo, Japan). The light
source used in this measurement device is D6S, which exhibits similar characteristics to natural light during daytime
and has a wavelength ranging from 280 to 780 nm. All spectacle lenses were analyzed for visible (380-780 nm) and blue
(380-500 nm) lights (Figure 2).

Light transmittance (%) is the ratio of the emitted light intensity to the incident light intensity. Therefore, without
glasses, light transmittance within all wavelengths is 100%. For the quantitative analysis of light transmittance, we
calculated the distribution area using the integral of the light transmission graph of the blue light-blocking and driving
lenses (Figure 3). The blue light blocking efficiency was confirmed by calculating the distribution area of blue light hazard
function, which causes glare, by weighing the blue light hazard function to light transmittance of blue light-blocking and
driving spectacle lenses according to the international standard (ISO 13666; Figure 4).

For the statistical analysis, Microsoft Excel version 16.41 (Microsoft Co., USA), PASW Statistics version 18 (IBM
Co.,, Chicago, USA), and Origin version 8.5 (OriginLab, Northampton, MA, USA) were used. The independent sample
t-test was applied to analyze the difference between the two lenses. Following normality assumption, the one-way analysis
of variance is used to analyze the difference between more than two lenses. Statistical significance was set at P < 0.05.
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Figure 1. Type and manufacturing method of each lens. Abbreviations: n, refractive index; (A) BTL, blue light-blocking lenses
by tinting; (B) BCL, blue light-blocking lenses by coating; (C) BML, blue light-blocking lenses by material; (D) DTL, driving
spectacle lenses by tinting; (E) DCL, driving spectacle lenses by coating; (F) DML, driving spectacle lenses by material.
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Figure 2. Results of the spectral transmittance meter. Abbreviations: %,
percentage; nm, nanometer.

Table 1 and Figure S show the light transmittance distribution areas for visible and blue lights of the blue light-
blocking and driving spectacle lenses manufactured with tinting. The light transmittance distribution areas of
BTL and DTL for visible light were 335.058 and 264.965, respectively, and for blue light were 70.658 and 18.072,
respectively. Compared to CCL, the differences (%) in the light transmittance distribution areas of BTL and
DTL were 7.997 and 27.244 for visible light, respectively, and 22.161 and 80.092 for blue light, respectively.
Statistically significant differences were also observed between visible and blue lights (P < 0.05). Thus, compared
to BTL, DTL exhibited a significantly greater decrease in light transmission efficiency in the visible and blue

wavelength ranges (Table 1).

Table 2 and Figure 6 show the light transmittance distribution areas for visible and blue lights of the blue light-
blocking and driving spectacle lenses manufactured with coating. The light transmittance distribution areas of BCL and
DCL for visible light were 353.868 and 369.298, respectively, and for blue light were 80.297 and 91.623, respectively.
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Figure 3. Distribution area (an ash color range) calculation (an example). Abbreviations: %, percentage; CCL, conventional coating

lenses; nm, nanometer.
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Figure 4. Blue light hazard function distribution area (an ash color range) calculation (an example). (A) Blue light hazard function
presented in ISO 13666, (B) Blue light hazard function distribution area. Abbreviations: ISO 13666, the international standard;

nm, nanometer; CCL, CCL, conventional coating lenses; au, distribution area.

Compared to CCL, the differences (%) in the light transmittance distribution areas of BCL and DCL were
2.832 and -1.404 for visible light, respectively, and 11.542, and -0.935 for blue light, respectively. However, no
significant difference was found between visible and blue lights (P > 0.05). Thus, BCL and DCL exhibited similar
light transmission efficiencies for visible and blue lights (Table 2).

Table 3 and Figure 7 show the light transmittance distribution areas for visible and blue lights of the blue light-
blocking and driving spectacle lenses manufactured with only materials. The light transmittance distribution
areas of BML and DML for visible light were 351.063 and 334.245, respectively, and for blue light were 81.515
and 72.978, respectively. Compared to CCL, the differences (%) in the light transmittance distribution areas
of BML and DML were 3.603 and 8.221 for visible light, respectively, and 10.200 and 19.606 for blue light,
respectively, without any statistically significant difference between visible and blue lights (P > 0.05). Thus, BML
and DML exhibited similar light transmission efficiencies for visible and blue lights (Table 3).

Table 4 and Figure 8 show the light transmittance distribution areas for visible and blue lights of the blue
light-blocking and driving spectacle lenses according to the manufacturing method. The light transmittance
distribution areas of BTL, BCL, and BML were 335.058, 353.868, and 351.068 for visible light, respectively, and
70.658, 80.297, and 81.515, for blue light, respectively, showing no statistically significant differences according
to the manufacturing method (P > 0.05) (Table 4).

The light transmittance distribution areas of DTL, DCL, and DML were 264.965, 369.298, and 334.245
for visible light, respectively, and 18.072, 91.623,and 72.978 for blue light, respectively, showing statistically
significant differences according to the manufacturing method (P < 0.05) (Table 4).

Table S and Figure 9 show the blue light hazard function distribution area for visible and blue lights of the
blue light-blocking and driving spectacle lenses according to the manufacturing method.
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Table 1. Light transmittance distribution areas of blue light-blocking lenses by tinting (BTL) and driving spectacle lenses by tinting
(DTL) with visible (350 ~ 780 nm) and blue lights (380 ~ 500 nm)

Light Transmittance (au) BTL 335.058 70.658 7.997 22.161
DTL 264.965 18.072 27.244 80.092
CCL 364.183 90.774 -
P-value 0.003 0.000
Abbreviations: nm, nanometer; n, refractive index; au, distribution area; %, percentage; CCL, conventional coating lenses. P-value
< 0.05 is shown in bold.
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Figure S. Light transmittance distribution areas of blue light-blocking lenses by tinting (BTL) and driving spectacle lenses by
tinting (DTL) with (A) visible (350 ~ 780 nm) and (B) blue lights (380 ~ 500 nm). Abbreviations: %, percentage; nm, nanometer;
CCL, conventional coating lenses.

Table 2. Light transmittance distribution areas of blue light-blocking lenses by coating (BCL) and driving spectacle lenses by

coating (DCL) with visible (350 ~ 780 nm) and blue lights (380 ~ 500 nm)

Light Transmittance (au) BCL 353.868 80.297 2.832 11.542
DCL 369.298 91.623 - 1.404 -0.935
CCL 364.183 90.774 -

P-value 0.865 0.586

Abbreviations: nm, nanometer; n, refractive index; au, distribution area; %, percentage; CCL, conventional coating lenses.
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Figure 6. Light transmittance distribution areas of blue light-blocking lenses by coating (BCL) and driving spectacle lenses by
coating (DCL) with (A) visible (350 ~ 780 nm) and (B) blue lights (380 ~ 500 nm). Abbreviations: %, percentage; nm, nanometer;
CCL, conventional coating lenses.
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Table 3. Light transmittance distribution areas of blue light-blocking lenses by material (BML) and driving spectacle lenses by
material (DML) with visible (350 ~ 780 nm) and blue lights (380 ~ 500 nm)

Light Transmittance (au) | BML 351.063 81.515 3.603 10.200
DML 334.245 72.978 8.221 19.606
CCL 364.183 90.774 -

P-value 0.594 0.433

Abbreviations: nm, nanometer; n, refractive index; au, distribution area; %, percentage; CCL, conventional coating lenses.
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Figure 7. Light transmittance distribution areas of blue light-blocking lenses by material (BML) and driving spectacle lenses by
material (DML) with (A) visible (350 ~ 780 nm) and (B) blue lights (380 ~ 500 nm). Abbreviations: %, percentage; nm, nanometer;
CCL, conventional coating lenses.

Table 4. Comparison of the light transmittance distribution area between blue light-blocking and driving lenses

Visible Light | 335.058 | 353.868 351063 264.965 ' 369.298 334245
P-value P=0.785 P =0.002
BTL ~ BCL = BML DTL # (DCL ~ DML)
Blue Light 70.658 ‘ 80.297 ‘ 81.515 18.072 ‘ 91.623 ‘ 72.978
P-value P=0.652 P=0.000
BTL = BCL = BML DTL = (DCL = DML)
Abbreviations: n, refractive index; au, distribution area; BTL, blue light-blocking lenses by tinting; BCL, blue light-blocking lenses

by coating; BML, blue light-blocking lenses by material; DTL, driving spectacle lenses by tinting; DCL, driving spectacle lenses by
coating; DML, driving spectacle lenses by material; nm, nanometer. P-value < 0.05 is shown in bold. P-value < 0.05 is shown in bold.
Note: visible ray, 350 ~ 780 nm; blue lights, 380 ~ 500 nm.

The blue light hazard function distribution areas of BTL, BCL, and BML for visible and blue lights were
460.566, 551.163, and 561.149, respectively, showing no statistically significant differences according to the
manufacturing method (P >0.05) (Table S).

The blue light hazard function distribution areas of DTL, DCL, and DML for visible and blue lights were
108.992, 566.224, and 496.912, respectively, showing statistically significant differences according to the
manufacturing method (P < 0.05) (Table S).

The blue light-blocking efficiency did not differ according to the manufacturing method of blue light-blocking

spectacle lenses for visible or blue light but did for driving spectacle lenses.
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Figure 8. Comparison of the distribution area between (A), (C) blue light-blocking and (B), (D) driving lenses. Abbreviations:
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Table 5. Comparison of the blue light hazard function distribution area between blue light-blocking and driving lenses

Blue light 460.566 551.163 ‘ 561.149 108.992 ‘ 566.224 ‘ 496.912
P-value P=0.647 P =0.000
BTL = BCL = BML DTL = (DCL ~ DML)

Abbreviations: n, refractive index; au, distribution area; BTL, blue light-blocking lenses by tinting; BCL, blue light-blocking lenses
by coating; BML, blue light-blocking lenses by material; DTL, driving spectacle lenses by tinting; DCL, driving spectacle lenses by
coating; DML, driving spectacle lenses by material; nm, nanometer. P-value < 0.05 is shown in bold. Note: blue light, 380 ~ 500 nm.
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Figure 9. Comparison of the blue light hazard function distribution area between (A) blue light-blocking and (B) driving lenses.
Abbreviations: au, distribution area; nm, nanometer; BTL, blue light-blocking lenses by tinting; BCL, blue light-blocking lenses
by coating; BML, blue light-blocking lenses by material; DTL, driving spectacle lenses by tinting; DCL, driving spectacle lenses by
coating; DML, driving spectacle lenses by material; CCL, conventional coating lenses.
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In our study, compared to BTL, DTL had a significantly greater decrease in light transmission efficiency for
visible and blue light. The difference (%) of the blue light hazard function distribution areas of BML and DML
were lower than those of CCL for both visible and blue lights, although without statistical significance.

Blue light, a part of visible light that emits high energy, is harmful. However, retinal damage and macular
degeneration inhibitions caused by wearing blue light-blocking glasses require further clinical studies [24]. Blue
light-blocking can yield a clearer retinal image [25].

Most blue light-blocking and driving glasses are manufactured with tinting, coating, and only materials [23],
with each method having its own characteristics. High-quality blue light-blocking spectacle lenses should offer
high light transmission and blue light-blocking efficiency [26]. Tinting is more difficult to perform compared
to coating, and color perception may be distorted by reducing light transmittance to part of the visible light.
In our study, the blue light-blocking and driving spectacle lensesmanufactured with tinting had lower light
transmittance and blue light hazard function distribution areas compared to those manufactured with coating
or only materials. DTL showed < 50% light transmittance and increased blue light-blocking efficiency in the
450-500-nm wavelength range compared to BTL. Accordingly, glare could be controlled at an appropriate
level. However, with low ambient lighting, such as when driving or parking at night without light, drivers may
experience loss of cognitive function for an observed object or narrowing of visual fields; therefore, caution
should be exercised.

In a previous study, the blue light-blocking efficiency was lower for glasses manufactured with coating than for
those manufactured with tinting [27], consistent with our study. However, DCL exhibited increased blue light-
blocking efficiency compared to BCL. BCL had higher efficiency within the wavelength range of 425-450 nm,
while DCL had higher efficiency within the wavelength range of 400-425 nm. Therefore, the total distribution
area of DCL was larger. We expected this to reduce glare by transmitting a more extensive blue light range at a
low level, unlike BCL, which is manufactured to block blue light. However, visual acuity can be reduced owing to
the provision of blurred retinal images. Further research is required to confirm whether or not driving spectacle
lenses manufactured with coating are effective in actual glare control.

Koo and Lee reported that blue light-blocking spectacle lenses manufactured with only materials showed
lower blue light-blocking efficiency compared to those manufactured with tinting or coating [28]. The light
transmittance and blue light hazard distribution areas of DML decreased more than those of BML, within the
wavelength range of 400-425 nm. This result explains the characteristics of a driving spectacle lens aimed at
controlling glare.

The blue light-blocking spectacle lensesmanufactured with tinting showed the highest blue light-blocking
efficiency, followed by those manufactured with coating or only materials. The blue light-blocking efficiencies of
BML and BCL were similar but of DML was higher than that of DCL and lower than that of DTL. Thus, DML
could provide balanced glare control and a clear retinal image overall.

Unlike visual acuity, glare is affected by the characteristics of the optical performance of spectacle lenses and
subjective judgment of the wearer. To evaluate the detailed performance of the blue light-blocking and driving
spectacle lenses presented in this study, a follow-up study on subjective wearing experience is necessary.

The blue light-blocking efficiency of DTL was the highest for visible and blue lights. Accordingly, glare blocking
could improve. However, light transmittance decreased to a partial range of visible light, and caution should be
exercised when using it in dim lighting because of visual side effects, such as color perception distortion.

BCL and DCL showed the lowest blue light-blocking efficiency. Unlike the other lenses, DCL showed a lower
light transmittance distribution area and blue light-blocking efficiency compared to BCL because it transmitted
awide range of blue light at a lower level. Therefore, DCL performed better glare-blocking compared to BCL.

BML and DML showed lower blue light-blocking efficiency compared to BTL and DTL but higher compared
to BCL and DCL. Compared to BML, DML showed a greater decrease in light transmittance and blue light
hazard function distribution areas, within the wavelength range of 400-425 nm. This is a characteristic of driving
spectacle lenses aimed at blocking glare.

BTL showed the highest blue light-blocking efficiency, followed by BCL and BML. DML had a higher
blue light-blocking efficiency compared to DCL but lower compared to DTL. Therefore, DML could provide
balanced glare control and a clear retinal image.

Med Hypothesis Discov Innov Optom. 2021; 2(3) 131



Blue light-blocking efficiency of blue light-blocking and driving spectacle lenses

Ethical approval: None.
Conflict of interests: None.

None.

None.

1. Koh KH, Jeon IC. A study on the change of contrast visual acuity according to the types of functional spectacle lens for driving and
illumination. Korean J Vis Sci. 2018;20(2):129-36. Link

2. Jung HJ, Kim IT, Choi AS. Subjective Evaluation of Glare for Blinking and Colors of Vertical LED Lighting. Journal of the Korean
Institute of lluminating and Electrical Installation Engineers. 2015;29(1): 22-30. Link

3. LinY, Fotios S, Wei M, Liu Y, Guo W, Sun Y. Eye movement and pupil size constriction under discomfort glare. Invest Ophthalmol Vis
Sci. 2015;56(3):1649-56. doi: 10.1167/iovs.14-15963 pmid: 25634984

4. Berman SM, Bullimore MA, Jacobs RJ, Bailey IL, Gandhi N. An objective measure of discomfort glare. Journal of the Illuminating
Engineering Society. 1994;23(2):40—9. doi: 10.1080/00994480.1994.10748079

S.  Gellatly AW, Weintraub DJ. User reconfigurations of the de Boer rating scale for discomfort glare. University of Michigan, Ann Arbor,
Transportation Research Institute, 1990 May. 23 p. Report No.: UMTRI-90-20. Link

6. Glimne S, Brautaset RL, Seimyr GO. The effect of glare on eye movements when reading. Work. 2015;50(2):213-20. doi: 10.3233/
WOR-131799 pmid: 24284692

7. Aslam TM, Haider D, Murray IJ. Principles of disability glare measurement: an ophthalmological perspective. Acta Ophthalmol
Scand. 2007;85(4):354-60. doi: 10.1111/j.1600-0420.2006.00860.x pmid: 17313443

8. Mainster MA, Turner PL. Glare’s causes, consequences, and clinical challenges after a century of ophthalmic study. Am ] Ophthalmol.
2012;153(4):587-93. doi: 10.1016/j.2j0.2012.01.008 pmid: 22445628

9.  Song YK, Choe CM, Kim SS, Lee HK. Quantitative Measurement of Glare Disability Using a Glaremeter. Journal of the Korean
Ophthalmological Society. 2012;53(7):953-9. doi: 10.3341/jkos.2012.53.7.953

10. KangBD, Lee HS, Park KS, Cho KK, Hong SJ. Evaluation of eye recovery time after glare exposure to oncoming headlight. Korean
Soc Automotive Engineers. KSAE07-S0337.2007:2136-44.

11. Kim HG, Kang BD, Lee HS, Cho KK, Hong SJ. Evaluation of Headlamp Glare with Various Light Sources and Aiming Conditions.
Korean Soc Automotive Engineers. KSAE 2007 Annual spring conference; 2007 Jun 21-24; Jeju: KSAE07-S0343, pp.2176-81.

12. Lee HS, Kim JR, Min SN, Lee MH, An Experimental Study on Glare of Illegal Automotive Headlamps Light Sources. 2010 Fall
Conference of the Korean Society of Ergonomics. Link

13. Owsley C, McGwin G Jr. Vision and driving. Vision Res. 2010;50(23):2348-61. doi: 10.1016/j.visres.2010.05.021 pmid: 20580907

14. 'Wood JM, Owens DA. Standard measures of visual acuity do not predict drivers’ recognition performance under day or night
conditions. Optom Vis Sci. 2005;82(8):698-70S. doi: 10.1097/01.0px.0000175562.27101.51 pmid: 16127335

15. Theeuwes J, Alferdinck JW, Perel M. Relation between glare and driving performance. Hum Factors. 2002;44(1):95-107. doi:
10.1518/0018720024494775 pmid: 12118876

16. Mainster MA, Timberlake GT. Why HID headlights bother older drivers. Br ] Ophthalmol. 2003;87(1):113-7. doi: 10.1136/
bjo.87.1.113 pmid: 12488274

17. Kang BD, Kim HG. Evaluation of glare and forward visibility of headlamp for elder friendly vehicle. Journal of the Korean Institute of
Illuminating and Electrical Installation Engineers. 2011;25(4), 1-6. doi: 10.5207/JIEIE.2011.25.4.001

18. Park HM, Chu BS. Dynamics of Accommodation and Pupil Size with Change in Visual Function when Wearing Night Driving
Lenses. ] Korean Ophthalmic Opt Soc. 2020;25(2):163-8. doi: 10.14479/jk00s.2020.25.2.163

19. Sivak M. Scholettle B, Minoda T, Flannagan M]. Blue content of LED headlamps and discomfort glare. University of Michigan, Ann
Arbor, Transportation Research Institute, 2005 Feb. 23 p. Report No.: UMTRI-2005-2. Link

20. Choi EJ. Analysis of Blue Light in Automotive Lamps for Night Vision Driver Lens Development. ] Korean Ophthalmic Opt
Soc. 2018;23(1):65-72. doi: 10.14479/jk00s.2018.23.1.65

21. Fletcher AE, Bentham GC, Agnew M, Young IS, Augood C, Chakravarthy U, et al. Sunlight exposure, antioxidants, and age-related
macular degeneration. Arch Ophthalmol. 2008;126(10):1396-403. doi: 10.1001/archopht.126.10.1396 pmid: 18852418

22. KoJK, Cho MR, Lee MJ, Kim JH. Analysis on IEC 62471 for the introduction of photobiological safety of LED lamp. InProceedings
of the Safety Management and Science Conference 2012 (pp. 435-443). Korea Safety Management & Science. Link

23. Lee HS, Lee KS, Mah KC. Analysis of Optical Performance in Blue Light Blocking Lenses. Korean J Vis Sci, 2017;19(4): 375-84. Link

24. Park MC. Design of a coated blue-light blocking lens and study of Its optical characteristics according to the blue-light blocking rate. J
Korean Ophthalmic Opt Soc. 2019;24(3):301-7. doi: 10.14479/jk00s.2019.24.3.301

25. Hammond BR, Sreenivasan V, Suryakumar R. The Effects of Blue Light-Filtering Intraocular Lenses on the Protection and Function of
the Visual System. Clin Ophthalmol. 2019;13:2427-2438. doi: 10.2147/OPTH.S213280 pmid: 31824137

26. Jung MS, Choi EJ. A study on methods of analysis and evaluation of blue light blocking tinted lens using yellow-tinted lenses. ] Korean
Ophthalmic Opt Soc. 2018 Mar;23(1):57-63. doi: 10.14479/jko0s.2018.23.1.57

27. Kim CJ, Choi SW, Yang SJ, Oh SY, Choi EJ. Evaluation of blue-light blocking ratio and luminous transmittance of blue-light blocking
lens based on international standard. ] Korean Ophthalmic Opt Soc. 2014;19(2):135-43. doi: 10.14479/jko0s.2014.19.2.135

28. Koo BY, Lee MH. Analysis on the Light Transmittance of Blue-Light Blocking Lenses by Manufacturing Methods. Korean J Vis Sci.
2020;22(2):113-22. Link

132 Med Hypothesis Discov Innov Optom. 2021; 2(3)


http://db.koreascholar.com/article.aspx?code=350516
https://www.koreascience.or.kr/article/JAKO201505041840657.page
https://iovs.arvojournals.org/article.aspx?articleid=2212944
https://pubmed.ncbi.nlm.nih.gov/25634984/
https://www.tandfonline.com/author/Berman, SM
https://www.tandfonline.com/author/Bullimore, MA
https://www.tandfonline.com/author/Jacobs, RJ
https://www.tandfonline.com/author/Bailey, IL
https://www.tandfonline.com/author/Gandhi, N
https://www.tandfonline.com/doi/abs/10.1080/00994480.1994.10748079
https://deepblue.lib.umich.edu/handle/2027.42/64065
https://doi.org/10.3233/wor-131799
https://doi.org/10.3233/wor-131799
https://pubmed.ncbi.nlm.nih.gov/24284692/
https://doi.org/10.1111/j.1600-0420.2006.00860.x
https://pubmed.ncbi.nlm.nih.gov/17313443/
https://doi.org/10.1016/j.ajo.2012.01.008
https://pubmed.ncbi.nlm.nih.gov/22445628/
https://doi.org/10.3341/jkos.2012.53.7.953
https://scholarworks.bwise.kr/erica/handle/2021.sw.erica/39498
https://doi.org/10.1016/j.visres.2010.05.021
https://pubmed.ncbi.nlm.nih.gov/20580907/
https://doi.org/10.1097/01.opx.0000175562.27101.51
https://pubmed.ncbi.nlm.nih.gov/16127335/
https://doi.org/10.1518/0018720024494775
https://doi.org/10.1518/0018720024494775
https://pubmed.ncbi.nlm.nih.gov/12118876/
https://doi.org/10.1136/bjo.87.1.113
https://doi.org/10.1136/bjo.87.1.113
https://pubmed.ncbi.nlm.nih.gov/12488274/
https://www.koreascience.or.kr/article/JAKO201115952327448.page
http://dx.doi.org/10.14479/jkoos.2020.25.2.163
https://deepblue.lib.umich.edu/handle/2027.42/57444
http://dx.doi.org/10.14479/jkoos.2018.23.1.65
https://doi.org/10.1001/archopht.126.10.1396
https://pubmed.ncbi.nlm.nih.gov/18852418/
https://www.koreascience.or.kr/article/CFKO201208455513219.page
https://www.dbpia.co.kr/Journal/articleDetail?nodeId=NODE10764505
http://dx.doi.org/10.14479/jkoos.2019.24.3.301
https://doi.org/10.2147/opth.s213280
https://pubmed.ncbi.nlm.nih.gov/31824137/
http://dx.doi.org/10.14479/jkoos.2018.23.1.57
https://doi.org/10.14479/jkoos.2014.19.2.135
http://db.koreascholar.com/article.aspx?code=394836

	Blue light-blocking efficiency of blue light-blocking and driving spectacle lenses 
	ABSTRACT
	KEY WORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS 
	Ethical  approval
	Conflict of interests

	FUNDING
	ACKNOWLEDGEMENTS
	REFERENCES


