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1| INTRODUCTION
Light plays a crucial role in how vision functions. It brings an unexpected
dichotomy to the eyes as it can be both beneficial and harmful. Irreversible
eye damage from light exposure is a worrying public health issue which is
exacerbated in a world with increasing life expectancy.
The challenge facing the ophthalmic optics industry is to find the right balance
between protecting the eyes from noxious light while allowing the essential
light to reach the retina for vision and beyond.
With the objective of democratizing protection against harmful blue-violet light,
Essilor has developed the Blue UV Capture™ lens innovation. Designed as an
optimal clear lens for everyday use by all patients, it represents a new ‘in-themass’ absorption solution to protect against UV and harmful blue-violet light.
Blue UV Capture™ filters out 100% of UV rays from a front angle and provides
up to three times more protection against blue-violet light than standard
prescription lenses*. And it does so while letting essential light pass through.

* Blue UV Capture™ lens feature blocks at least 20% of harmful blue-violet light (up to 455 nm, with the greatest toxicity between 415-455 nm). For Polycarbonate concave lenses, the harmful blue light blocking percentage might be slightly lower. Regular prescription lenses = 1.5 or Poly material (without blue
protection) with Crizal Forte® UV coating at equal center-thickness.
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2| CONTEXT
Light is crucial in our everyday life. It allows us to see the
world, and it is essential for our well-being. Yet certain
types of light can be harmful for our eyes.

Day after day, year after year, our exposure to harmful
light is growing as we are living longer and there are
more and more artificial lights and digital screens.

The sun’s primary danger comes in the form of ultraviolet rays. On top of this, it is also the largest source of
harmful blue-violet light. Additional harmful blue light
is emitted by digital devices and artificial light sources.

UV and blue-violet wavelengths reach the eye’s internal
tissues located at both the front and the back. UV rays
reach the inner front of the eye (the cornea and the
crystalline lens) while blue-violet rays go deeper up to
the retina.
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BLUE LIGHT IS MADE UP OF BOTH:
| Harmful blue-violet light (380-455 nm with
the greatest toxicity between 415-455 nm)
| Beneficial blue-turquoise light (465 – 495 nm)

Figure 1 – Light spectrum

3| HARMFUL LIGHT
UV RAYS
UV rays are energetic radiations invisible to the human
eye. The upper UV limit is defined at 380 nm in the
current standards of the ophthalmic industry.(1)
UV radiations are categorized in 3 subsets:
> UVC rays (100-280 nm), fully absorbed by the ozone
> UVB rays (280-315 nm), mostly absorbed by the
cornea and the rest by the crystalline lens
> UVA rays (315-380 nm), penetrates deeper in the eye
up to the crystalline lens
In the healthy adult eye (>20 y.o.), UV radiations (up to
380 nm) are totally filtered out by the cornea and the
crystalline lens and do not reach the retina. UV is thus
harmful for the anterior part of the eye but not for the
retina.

Our eyes receive much more UVA than UVB. Yet UVB is
more toxic to the human eye than UVA as evidenced by
numerous in vitro and in vivo studies(2). To measure the
toxicity of UV, we need to consider both a) the UV light
received by the eye from daylight (blue curve in
Figure 2) and b) the ability of each UV wavelength to
cause damage (red curve in Figure 2). The combination
of these two functions defines the toxicity of UV (green
curve in Figure 2), which peaks around 310 nm in the
UVB portion (ICNIRP and ISO 8980-3).
The toxicity of rays between 380 and 400 nm is at least
7.5 times lower than the toxicity at 310 nm.
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OUR RESEARCH

Contrary to UV, blue light is everywhere, both outdoors
and indoors.

Blue-violet light (below 455 nm) has been identified as
the most harmful light to the outer retina**.

The sun is the biggest source of blue light. The
irradiance levels received at the surface of the eye are
100 to 200 times higher than indoor irradiances when
there are no windows.

Paris Vision Institute and Essilor R&D have conducted
research together since 2008 to understand the
damaging effects of blue light on the retina:

PUPIL AND LIGHT DURATION NOT TAKEN INTO ACCOUNT HERE
5000
4500

>> Blue-violet light between 415 and 455 nm induces
the highest rate of retinal cell death (apoptosis).
This finding has been published in the peer-reviewed
journal PlosOne.(7)
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Figure 3 – Outdoor/indoor light irradiance versus
blue proportion
As we are a generation that spends a lot of time indoors,
our exposure to artificial light sources cannot be ignored.
We are exposed to artificial light sources that have a
higher radiance and blue proportion, repetitively and at
shorter distance. On top of this, exposure to these artificial
light sources is occurring at increasingly younger ages
and for increasing amounts of time for all age groups.
Recent in vivo studies on rats have shown that new LED
sources may produce substantial and irreversible cell
damage even at domestic lighting levels, but this is only
after much longer illumination with short blue light (3,4,5,6).
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Figure 4 – Blue-hazard spectrum (apoptosis)
on RPE (retinal pigment epithelium) cells.
Source: Arnault, Barrau et al., 2013

>> Blue-violet light increases oxidative stress in our
ageing model of the outer retina while simultaneously
decreasing antioxidant natural defenses. The results
have been recently published in the peer-reviewed
journal Cell Death and Disease (Impact factor ~6).(8)

** The outer retina is composed of retinal pigment epithelium (RPE) cells plus the outer segments of visual photoreceptors. RPE is critical to the functioning,
survival and constant renewal of photoreceptors.
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OXIDATIVE STRESS IS INCREASED BY BLUE-VIOLET LIGHT
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ANTIOXIDANT DEFENSES ARE DECREASED BY BLUE-VIOLET LIGHT
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Figure 5 – Blue-violet light contributes to retinal ageing: both oxidative stress increase and antioxidant
defense decrease.
Source: Marie et al., 2018

>> Reducing exposure to blue-violet light appears therefore to be highly important in slowing down retinal ageing.

5

WHITE_PAPER_BLUE_CAPTURE_A4.indd 5

04/07/2019 15:32

4| THE “BLUE-VIOLET CUT” CRITERION

T = spectral transmittance of the lens (%)
B’ = blue hazard spectrum defined with the Paris
Vision Institute
Source : Arnault, Barrau et al., 2013

The experimental blue hazard function B’ we propose is
consistent but narrower than the existing B defined by
the International Commission on Non-Ionizing Radiation
Protection (ICNIRP) in the 1970s but not standardized.
The scientific community admits B is too broad and
should be refined with more recent photobiology
studies on the retina, as blue-green light (460 to
500 nm) has been identified as beneficial to the
regulation of our biorhythms. ISO has recently published
a technical report confirming that the harmful blue light
range is up to 455 nm. (9)
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A new criterion, Blue Violet Cut (BVC), has been
introduced to quantify the effective cut of harmful blueviolet light for the outer retina. BVC is a weighted average
cut of the lens over the high-energy visible range (from
400 to 455 nm), expressed as a percentage and based
on the blue-hazard spectrum shown in Figure 6.
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Figure 6 – Blue-hazard functions B (ICNIRP) and B’
Source : Arnault et al., 2013

5| BLUE UV CAPTURE™ LENS
INNOVATION
Essilor introduces the Blue UV Capture™ lens, a new
in-mass blue-light filtering product developed to
provide blue-light protection to everyone.

the substrate, allowing for up to three times more
protection against harmful blue-violet light than
regular prescription lenses.***

The Blue UV Capture™ lens innovation was designed to
offer protection against harmful blue-violet light (up
to 455 nm) by absorbing the radiations in the substrate
while allowing beneficial light, including blue-turquoise
light, to pass through.

As Blue UV Capture™ is an in-mass technology product,
blue cut performances vary according to the center of
thickness of the lens. The thinner the center of thickness,
the lower the blue cut performance is. The higher the
center of thickness, the better the performance is.

Blue & UV cut performances
The specific absorption of blue-violet light is achieved
thanks to high pass-filtering molecules introduced into

In addition to filtering the noxious blue-violet radiation,
the Blue UV Capture™ lens also cuts 100% of UV
radiations on the front of the lens in all substrates,
including in 1.5 lens material.

*** Blue UV Capture™ lens feature blocks at least 20% of harmful blue-violet light (up to 455 nm, with the greatest toxicity between 415-455 nm). For Polycarbonate concave lenses, the harmful blue light blocking percentage might be slightly lower. Regular prescription lenses = 1.5 or Poly material (without blue
protection) with Crizal Forte® UV coating at equal center-thickness.
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Figure 7 – Transmittance curve of Blue UV Capture™ with Crizal Forte® UV - CT 2mm

To have a product that protects both the front and back
sides optimally, the Blue UV Capture™ lens can be
combined with the Crizal® coating, providing UV
protection on the back side of up to an E-SPF 35™
index.
The E-SPF® index varies according to the Crizal® coating
applied on the Blue UV Capture™ lens.****
If combined with Crizal Easy® UV or Crizal® Alizé® UV, the
Blue UV Capture™ lens will have an E-SPF 25™ index.
If combined with Crizal Forte® UV, Crizal Sapphire® 360°
or Crizal® Prevencia®, the Blue UV Capture™ lens will have
an E-SPF 35™ index.
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Optimal clarity
According to the laws of physics, if an object absorbs a
color, it will appear its complementary color. The
absorption of blue-violet light by Blue UV Capture™
therefore attributes a natural yellow tint to the lens, its
complementary color (Figure 8, blue arrow).
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Figure 8 – Complementary colour principle

**** E-SPF® is an index rating the overall UV protection of a lens. E-SPF® was developed by Essilor and endorsed by third-party experts. The E-SPF® index
relates to lens performance only and excludes direct eye exposure that depends on external factors (wearer’s morphology, frame shape and position of
wearers).
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To compensate the yellow residual tint, a coloring agent
has been added to the Blue UV Capture™ lens. This
process is called color balancing and can be done with
one or a few mixed color dyes, such as violet or mixes
with blue and red. These dyes, or their mix, neutralize
the residual color while keeping an optimal clarity of the
lens.
For 1.5 substrate, Blue UV Capture™ features a new
nanotechnology developed by Essilor R&D. The dyes
added to the substrate to compensate the yellow
residual tint are protected in spherical vehicles with
nanometric size; they are typically 1000 time smaller
than a human hair section. These nanocapsules are very
regular in size, highly concentrated in dyeing compounds
and completely sealed to the external environment, yet
they let the light pass through thanks to a carefully
designed capsule material. All these aspects enable the
high transparency of the lenses containing these nanoobjects.

The color balancing of Blue UV Capture™ was specifically
designed to propose the best tradeoff between the
resulting residual color and the perception of trained
consumers (Eurosyn expert consumer test 2016****). As
a matter of fact, it has been highlighted that a frank
bluish tinge is perceived less tinted than the greenishyellow color usually associated with blue cutting
products. As Blue UV Capture™ is an in-mass technology
product, the aesthetics of the lens varies with the center
of thickness. The thinner the center of thickness, the
lower the residual color is; the higher the center of
thickness, the more residual color will appear on the lens.

Blue UV Capture™ lens with
Crizal® Prevencia® coating
For ultimate protection against UV and harmful blueviolet light, the Blue UV Capture™ lens feature can be
combined with Crizal® Prevencia® coating.
The combination of these two solutions of blue-violet
filtering offers a maximized protection for a clear lens,
blocking up to 35% of blue-violet light (400-455 nm******)
and reducing retinal cell apoptosis by 30%.
Regarding the aesthetics of the lens, a Blue UV Capture™
lens with Crizal® Prevencia® coating has the same color
of reflection as a lens with Crizal® Prevencia®. Its aesthetics
is comparable to a lens with Crizal® Prevencia® coating for
the residual color and to a Blue UV Capture™ lens for the
visual transmittance.

Figure 9 – Nanocapsules to protect dyes in Orma™
substrate

6| COMPETITIVE POSITIONING
Since 2011, Essilor has identified about 130 new product
launches from almost 100 different actors on the bluecut segment. Different ways exist to provide blue-light
protection to wearers. The widespread technologies
today on the market are anti-reflective coatings.
However, there is also an emerging technology using
high cut-off in the substrate.

The Blue UV Capture™ lens offers the optimal balance
between protection against harmful blue light and
lens clarity when compared to both competitive blueviolet light cut anti-reflective products and blue-violet
light cut products with absorption technologies.
Moreover, the Blue UV Capture™ lens innovation ensures
a best-in-class transmittance of essential blue-turquoise
light.

***** Source: Blue UV Capture™ - In Lab wearer test (n=15) – Eurosyn, 2016
****** H
 armful blue-violet light: up to 455 nm with the greatest toxicity between 415-455 nm. For polycarbonate concave lenses, the harmful blue light
blocking percentage might be slightly lower
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In Figure 10, the Blue UV Capture™ lens is compared to
the main competitive blue-violet light cut products
with anti-reflective technology. Essilor’s product is
superior in terms of both blue-violet light protection
and UV protection while maintaining optimal clarity of
the lens.

If we compare the Blue UV Capture™ lens to the main
competitive blue-violet light cut products with
absorption technology, Essilor’s solution offers the
optimal balance between harmful light protection and
lens clarity (Figure 11).
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(1) Criteria from R&D measurements, based on UV Protection = RUV
% (scale 45 to 0) / TUV=0 - Blue-Violet Light Cut=BVC b’% (scale 6 to
50) - Clarity=b* value (Scale 10 to 0)

Figure 10 – Blue UV Capture™ versus main
competitive AR blue cut products

UV PROTECTION

(1) Criteria from R&D measurements based on: UV Protection = RUV
% (scale 45 to 0) / TUV=0 - Blue-Violet Light Cut=BVC b’% (scale 6 to
50) - Clarity=b* value (Scale 10 to 0)

Figure 11 – Blue UV Capture™ versus main
competitive blue cut products with absorption
technologies

7| CONCLUSION
Essilor continually strives to understand consumer needs
to provide expert products. In this vein, it has leveraged
its in-depth understanding of the biological aspects of
noxious blue-light radiations to develop a new blue light
filtering lens. This lens is specifically designed to protect
the eye against harmful blue-violet light and UV rays
while letting essential light pass through in an optimal
clear lens.
The wearer’s eyes will benefit from the in-mass
technology and a significant 20% cut of harmful blue-

violet light in an optimal clear lens. If combined with
Crizal® Prevencia®, Essilor’s premium blue cut antireflective coating, the level of protection is enhanced.
Protection is critical to ocular health management.
Drawing on more than 20 years of expertise and
supportive cutting-edge technologies, Essilor today
introduces Blue UV Capture™, a lens innovation that
offers all wearers efficient everyday protection against
harmful light.
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KEY TAKEAWAYS
•

Harmful light (UV and blue-violet light) is everywhere, outdoors and indoors. We
need to protect our eyes from the harmful effect of these wavelengths.

•

UV rays (100-380 nm) are harmful to the anterior part of the eye.

•

The UV rays’ toxic peak for the eyes has been established at 310 nm. Rays at 380 nm
and above are 7.5 times less harmful than rays at 310 nm*******

•

Blue-violet light below 455 nm is the most toxic for the outer retina. It increases
oxidative stress and decreases antioxidant defenses. Blue-violet light contributes to
accelerate retinal ageing.

•

Essilor has developed the Blue UV Capture™ lens innovation , a new ‘in-the-mass’
absorption solution to protect against UV & harmful blue-violet light in an optimal
clear lens.

•

Blue UV Capture™ filters out 100% of UV rays from a front angle and provides up to
three times more protection against blue-violet light than standard prescription
lenses******** while letting essential light pass through.

•

The Blue UV Capture™ lens offers the optimal balance between protection from
harmful blue-light and lens clarity when compared to competitive blue-violet light
cut products.

•

The Blue UV Capture™ lens innovation ensures a best-in-class transmittance of
essential blue-turquoise light.

******* C
 IE 203:201
Pitts, (1973), Health Physics; Pitts, Cullen & Hacker (1977), IOVS; Kurtin & Zuclich (1978), PP; Zigman (1995), Opto. & Vis. Sci.; Oriowo, Cullen et al. (2001),
IOVS; Marriam et al. (2000), IOVS.
******** B
 lue UV Capture™ lens feature blocks at least 20% of harmful blue-violet light (up to 455 nm, with the greatest toxicity between 415-455 nm). For
Polycarbonate concave lenses, the harmful blue light blocking percentage might be slightly lower. Regular prescription lenses = 1.5 or Poly material
(without blue protection) with Crizal Forte® UV coating at equal center-thickness.
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