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SUMMARY
Background: The increasing use of digital devices involves 
a potential risk for public health. Screens are generally made 
with LED lights, with a peak of emission in the area of visible 
spectrum corresponding to blue light. Given the high amount 
of blue light energy, several studies suggest a subsequent 
phototoxic damage to the retina. Blue light radiation may have 
greater impact on children particularly given that retina is not 
entirely developed at this age, larger pupillary diameters and 
frequent shorter viewing distances when compared to adults. 
Methods: The amount of blue light potentially penetrating 
the eye of adults and children was assessed. Light amounts 
reaching the eye were theoretically calculated according 
to measured pupillary diameters and reading distances. 
Results: The amount of visible radiation reaching the pupil is 
theoretically 1.4 times higher when using a smartphone than 
when using a PC. Light amount reaching the eye depends on 
reading distance. The shorter reading distance, the higher light 
amount reaches the eye. Children are likely exposed to a 40% 
higher light dose than adults because of their body-anatomic 
features. Conclusions: Exposure to LED screen devices should 
be particularly considered among children. Long-term effects 
of blue light exposure should me more carefully investigated. 

BACKGROUND

The use of computers and electronic devices has not stopped 
increasing over the last decades. Electronic devices are essential 
in modern academic, professional and social life. In terms of 
public health, the use of digital devices is no longer limited to 
adults but also to young people and children. Technological 
devices have widely diversified from desktop computers (PC) 
to laptops, tablets, smartphones, videogames, etc. Whether 
at work or home, electronic devices and digital screens are 
everywhere [1,2]. 

Portable devices such as smartphones or tablets usually display 
little reading texts (according to screen dimensions), generally 
forcing the observer to reduce the viewing distance or to use 
magnifying tools, if available. This is especially common among 
children because of their anatomic characteristics (short 
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arm length) and when using touch devices. A short reading 
distance requires a higher visual effort to focus.

As a result of a long-term reading effort, a variety of symptoms 
may arise. These symptoms have been termed as “Computer 
Vision Syndrome” (CVS) [1].

Figure 1: Viewing distance of an 18-month-old child. The touch screen forces the child to reduce the viewing distance.

Current displays use light-emitting diodes (LEDs), with a very 
specific emission spectrum and energy characteristics. Since 
there are no LEDs emitting white light as such, they are initially 
made by using blue light, with an emission peak around 
450-470 nm3, the highest energetic area within the visible 
spectrum. To obtain a subsequent white light perception, 
blue LEDs are combined with a yellow phosphor coating, 
with an emission wave length peak around 580 nm4. As a 
result of this, LED emission spectrum is considerably different 
to other traditional lighting systems such as fluorescent 
or incandescent white light sources (despite their similar 
appearance).

The visual effects of LED light exposure are being thoroughly 
investigated. Several epidemiological studies suggest that 
both ultraviolet radiation and visible light can damage the 
retina through photochemical [5], thermal and mechanical 
mechanisms [6]. Furthermore, it has been shown that the 
retina is not equally sensitive to the entire visible spectrum. 
Retina is much more sensitive to short wavelengths such as 
blue light [7].

Figure 2: White light spectral representation as a combination of a blue light diode and a yellow 
phosphor coating. Taken from Behar-Cohen, 2011.
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Potential injuries from light exposure depend on several 
factors. First, the eyes have to be exposed to a certain type of 
light (a potentially harmful wavelength). Thus, any possibility 
of retinal injury depends on the screen’s wavelength emission. 
Eye development is a second factor to take into account. 
Retinal maturity is reached at 45 months of age []8 (cone 
density is 80% less at birth than in adulthoold). For this 
reason, children are more sensitive to LED light phototoxicity 
than fully developed adult structures [9]. Then, the pupillary 
diameter must be considered. Pupillary diameter decreases 
with age linearly. Adult pupillary diameter reductions are 
more evident on scotopic conditions. Because of that, children 
receive greater amounts of retinal illumination [10]. Finally, the 
amplitude of accommodation has to be considered. Higher 
accommodation abilities allow children to read at closer 
distances [11,12].

Taking all these factors into account, this study aims to evaluate 
the amount of blue light (450 nm wavelength) emitted by the 
LED screens reaching the eye pupil and to compare these 
measurements with those obtained when reading on paper.

MATERIALS AND METHODS

MATERIALS

Measurements were taken with the Ocean Optics USB2000 
spectrophotometer installed on a millimeter optical bench. 
The optical bench included two pieces to place the screen 
(mobile piece to modify position) and the light detector. The 
software used for the visualization of the emission curves was 
Spectrasuite.

Figure 3: Spectrophotometer Ocean Optics USB 2000 installed on the optical bench was used 
to measure the screen’s light emission.

A random selection of traded screen devices was conducted. 
The selected smartphone was the Huawei p8 lite 2017 (Huawei, 
China), FHD screen, 5.2 inches and resolution of 1920x1080 
pixels; the selected tablet was the Vexia Tab 9i (Vexia, Spain), 
IPS LED display, 9-inch resolution 1920x1200 pixels; and the 
selected computer was the ASUS F540SA-XX445T, LCD screen 
LED, 15.6 inches and resolution of 1366x768 pixels .

METHODS

The effects of radiation from LED screens on the eyes depend 
on the spectral composition of the light, the usage time 
and the working distance. The amount of radiation entering 

the eye is proportional to the pupil diameter and inversely 
proportional to the viewing distance.

Measurements were taken in the laboratory of the Group 
of Neuro-Computation and Neuro-Robotics. All devices 
were switched on 10 minutes before starting to take any 
measurements. To standardize light emission levels, all devices 
were programmed to emit a completely white image, with 
equal brightness values. Peak emission wavelengths (between 
446 nm and 450 nm) from all screen devices were analyzed. 
Measurements were made in triplicate at three different 
points on the screens for a total of 11 distances between 1 and 
50 cm in steps of 5 cm. 
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To calculate the illumination reaching the eye, the value 
of the quantas of light (450nm) measured at each of the 
studied distances and the pupil diameter, by which this 
value is multiplied, were taken into account. The pupillary 
diameters used for all calculations were 2.5 mm, 4 mm and 
5.5 mm , considering that the mean pupillary diameter can 
vary between 2 mm and 8 mm depending on the level of 
illumination and age, obtaining the highest visual acuities 
with diameters between 2 and 4 mm [13].

Finally, the same measurements were taken to analyze the 
light reflected by the paper at the usual reading distances of 
children (20-30 cm) and adults (30-40 cm). Paper and screen 
reflected light emissions were compared. 

RESULTS

Once measurements were made, the amount of light reaching 
the eye was calculated. The graphs obtained for pupillary 
diameters of 4 ± 1.5 mm are shown below.

The estimated working distances for each device were as 
follows: 

• Smartphones: 25-35 cm

• Tablets: 30-40 cm

• Computers: 45-50 cm

Figure 4 represents how the larger pupillary diameter is, the 
more light penetrates the eye. Light dose increases when the 
device approaches the eye. For the laptop working distance 
(45-50 cm), the amounts of light reaching the pupil were 
23431.1; 17040.8 and 10650.5 for pupil diameters of 5.5 mm, 
4 mm and 2.5 mm, respectively. For shorter working distances 
such as when using a smartphone (25-35 cm), the amount 
of light entering the eye was 52461.3, 38153.7 and 23846.1 
when pupillary diameters were 5.5 mm, 4 mm and 2.5 mm, 
respectively. The amount of light that reaches the eye pupil 
when an adult uses a smartphone is theoretically 1.4 times 
greater than that when using a computer.

Figure 4: Light quantity of λ 450 nm penetrating the eye as a function of the pupillary aperture (mm) 
and the viewing distance (cm).

The same calculations were made for a child reading distance. Therefore, reading distances were reduced by approximately 
10cm.

Figure 5: School-age children using tablets for study or leisure activities at distances less than 15-20 cm.
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The following chart shows the amount of light reaching 
the eye as a function of the pupil diameter and the reading 
distance. The results show values of 72338.0; 52609.5 and 
32880.9 for the use of smartphones (15-20 cm), 43826.0; 

31873.5 and 19920.9 quantas• mm for the use of tablets (20-
30 cm) and 23686.0; 17226.2 and 10766.4 when using PC-LED 
displays (30-40 cm), considering pupils of 5.5 mm, 4 mm and 
2.5 mm, respectively.

 Figure 6: Light quantity of λ 450 nm penetrating the eye as a function of the pupillary aperture 
and the viewing distance of LED screen devices by children.

The graph below shows, for each device, that the larger the 
pupillary diameter and the shorter reading distance, the 
greater the amount of light enters the eye. This study has 
not included the pupillary diameter reduction due to screen 

illumination and the accommodation reflex. Children receive 
40% more light than adults when using smartphones due to 
reduced reading distance.

Figure 7: Children vs adults. A light entering the eye comparison when PC’s, tablets and smartphones are used.

The following data tables show pupil diameters, viewing 
distances and the light amounts entering the eyes. The 
smallest pupillary diameters (2.5 mm) were selected for the 

smartphones and tablets usage because of the increased 
pupillary stimulation when light devices are placed near the 
eyes.
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Light quantity of λ 450 nm penetrating the eye according to 
the pupillary diameters of 4 mm and 5.5 mm and the most 
frequent distances during use of PC.

On the other hand, the amount of light reflected off the paper 
was measured under photopic illumination conditions, similar 
to those of a conventional classroom. Paper light reflection 

was compared to that obtained when reading on a tablet 
at the same distance (between 20 and 30 cm in the case of 
children and between 30 and 40 cm in that of adults). It has 
been estimated that children receive approximately 7.5 times 
more blue light (450 nm) when reading on a tablet than when 
reading on paper.

Smartphone 
(children)

Smartphone 
(adult)

Tablet 
(children)

Tablet 
(adult)

Computer 
(children)

Computer 
(adult)

øp (mm)
) 2,5 2,5 2,5 2,5 5,5 4

Distancias (cm) 15-20 25-35 20-30 30-40 30-40 45-50

Ip (cuantas·mm) 32880.9 23846.1 19920.9 18771.9 23686.0 17040.8

Table: Light quantity of λ 450 nm penetrating the eye according to the pupillary diameters of 2.5 mm and the most 
frequent distances during the use of smartphones and tablets with LED screens.

Figure 8: Light amount (λ 450 nm) that penetrates the eye of children and adults depending on the most frequent 
parameters of pupillary aperture and the distance of use of the LED devices against the light reflected by the paper 

for the reading distances of children and adults. The reading distances are always between 20 and 30 cm for children 
and between 30 and 40 cm for adults.

DISCUSSION

Classical and current studies in the United States show that 
only 18% of households had computers in 1997. In 2009, 
this percentage increased to 68.7% and, in 2013, 83.8% [14]. 
In Europe and the rest of the world, similar data has been 
reported. Recent research among more than 2.000 children 
aged 8-18 years reported a daily LED screen usage of 7.5 hours, 
for both academic and leisure activities (4.5 hours watching 
television, 1.5 hours using laptops, and more than one hour 

playing video games) [1,15].

This study evaluates theoretically the amount of light from 
LED screen devices potentially penetrating the eye and the 
role of the pupil diameter and the viewing distance.

First, the pupillary diameter decreases linearly with age, with a 
decrease of 0.015 to 0.043 mm per year under low illumination 
conditions [16]. These differences are less evident under 
photopic conditions. Since children have a larger pupillary 
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diameter, they could potentially be exposed to a higher dose 
of blue light. 

Regarding the reading distance, this study has established the 
same measures provided on other studies [17-19]. It has been 
described before how a reduced viewing distance is normally 
related to a shorter arm length and higher accommodation 
ability [11]. These anatomical and functional conditions 
predispose the retina to increased exposure light 

Our results confirm that blue light potentially reaching the 
retina depends on the reading distance and the pupillary 
diameter. Children may be especially susceptible because of 
their larger pupillary diameter, the shorter reading distance 
and the lack of lens deterioration (yellowing) acting as a 
protective filter. 

Furthermore, there is a chronic cumulative effect on 
the ocular structures. A harmful effect of blue light may 
accumulate over time, with more dangerous consequences 
on developing structures. The use of these devices may 
cause an irreversible damage to the retina. In recent years, 
numerous animal experiments have shown a photoreceptor 
layer thickness decrease after a long-term LED light exposure 
[20,21]. Activation of cell death by necrosis and apoptosis at a 
molecular level have been also reported [22-24]. 

There is a global growing trend towards the general use of 
electronic devices in schools and education. Learning based 
on these devices is a sign of technological development. 
Determining the best strategies to successfully implement 
digital devices in order to improve learning is a booming 
research topic [25]. Symptoms such as those related to 
accommodative, vergence dysfunction and dry eye are 
particularly worth noting problems [26].

In short, children exposure to harmful radiation has increased 
in recent years due to the use of digital devices. Cumulative 
photoxic retinal damage and blue LED-light exposure must be 
more investigated. 

CONCLUSIONS

The reading distance and the pupillary diameter are the 
factors that most determine the amount of light potentially 
entering the eye. The calculated amount of short-wavelength 
radiation reaching the pupil is 1.4 times greater when using 
a smartphone than when using a PC-LED display. Children 
receive 40% more short wavelength light than adults when 

using the same device due to their anatomic conditions 
(shorter viewing distance) and higher accommodation 
abilities. When comparing reading on a tablet with reading 
on paper at a similar distance, blue light incidence is 7.5 times 
higher for the digital device.
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