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The histological comparison of the effect of 50mW green and blue laser on the
human eye at variable time intervals: an animal model
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Abstract
Objective: To compare the effects of 50mW green and blue laser pointers on retinal tissue with different exposure
durations.

Method: The experimental, histopathological study was conducted from November 2021 to April 2022 at the
Postgraduate Laboratory of the Department of Physiology and Medical Physics, College of Medicine, Mustansiriyah
University, Iraq, and comprised adult male mice. They were divided into green group G and blue group B. Group G
was exposed to a 50mW green laser pointer with wavelength 532nm, while group B was exposed to a blue laser
pointer with wavelength 415nm. The groups were subdivided with respect to duration of exposure. Subgroups G1
and B1 had exposure time 1min, G2 and B2 had exposure time 2min and G3 and B3 had exposure time 3min. Across
the groups, the overall supplied power density was 130mW/cm2. Conventional Haemotoxylin and Eosin stain was
used to assess the damage on the retinal tissues of the mice post-exposure. Data was analysed using SPSS 24.
Results: Of the 24 groups, 12(50%) were in each of the 2 groups, while each subgroup had 4(16.66%) mice. There
was more retinal tissue damage in group G compared to group B (p<0.05). The damage increased significantly with
increase in exposure duration in both groups (p<0.05).

Conclusion: The traditional green laser pointers caused more damage to the retina of mice than the blue laser.
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Introduction

Blue light is more likely to be absorbed in ~450nm, while
green light is more resistant to absorption. Additionally,
the longer is the wavelength, the deeper is the
penetration, since the wavelength is directly proportional
to the penetration.'Blue light and other shorter
wavelengths of visible white light scatter more intensely
than longer wavelengths2. This is caused by a scattering
cross-section that is inverse of AA43

The high-powered green lasers could be directly emitted
using green laser diodes (515/520nm). There are several
different power outputs available for green laser pointers.
The best laser pointers to use and point with are 5mW
green laser pointers Classes Il and llla%. The green laser
beam can be clearly seen in the dark night sky, where it
can point to a single star 5. Blue lasers are gallium nitride
(GaN) laser diodes having a peak wavelength in the blue
light spectrum (400-480nm). The blue laser system can be
utilised for laser cladding, heat treatment and other
applications because of its high absorption rate, which
makes it attractive for energy conservation®.

Laser pointers and laser equipment of different power
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and colours ranging from a small number of milliwatts
(mW) to several watts are now widely accessible. As a
result, laser pointers can be potentially in the hands of
people who are unaware of the risks associated with their
use’?, and that is why there are not many laser pointers
readily available to the general public in various
countries®. The United States Food and Drug
Administration (FDA) advises consumers not to buy a
laser pointer with a 5mW power without reading the
labels or instructions first, and not to give them to kids
since the risk of misuse is too great, and there is a risk of
eye injury if they are exposed to class Ill lasers with a
power of up to 5mWo,

The back of the eye is covered by a delicate neural
membrane called the retina'0. It is similar to how a camera
works with film. It receives the light from the image we
see, and converts it into electrical impulses that are
transmitted to the brain through the optic nerve fibres'!,

The retina is made up of two layers: the sensory retina,
and the retinal pigment epithelium (RPE)'2. The neural
retina consists of several layers of neurons, including the
inside out retinal ganglionic cell (RGC), inner plexiform
layer (IPL), inner nuclear layer (INL), outer plexiform layer
(OPL), outer nuclear layer (ONL), inner segment (IS) and
outer segment (OS), which are the layers that make up the
retina4. The photoreceptor cells (rods and cones) are
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made up of ONL, which are the retina's central light-
sensitive cells'3.

Daytime colour vision and night-time black-and-white
vision are both controlled by cones and rods'4. It enables
the neural network to detect photons and generate a
neurophysiological signal through a process called
phototransduction?3.

Before light reaches the retina, it must move through
many mediums, including the tear, cornea, aqueous fluid,
lens and vitreous humor'>. Along with visible (that is,
'light’) wavelengths, some near-infrared wavelengths also
reach the retina. The iris and pupil are both protected by
the transparent cornea. This lens, together with the
crystalline lens, is the earliest and strongest in the eye's
optical system, allowing sharp images to be produced at
the level of photoreceptors in the retina’é.

Furthermore, because photopigments only absorb a
small portion of the input energy, most of the radiation
that reaches the fundus of the eye is absorbed by the
pigmented epithelium and choroid!?. The melanin, a dark
pigment that absorbs any light that the retina is unable to
detect, is found inside the pigment epithelial cells. By
doing this, light is stopped from reflecting off the retina
and back onto the back of the eye. Consequently, it is
believed that the RPE will sustain the most damage?'s.
Then starts a sequence of electrical and chemical
reactions that finally activate nerve impulses that are sent
through the optic nerve's fibres to various vision centres
in the brain4.

Retinal burns caused by a portable laser pointer represent
a serious and increasing community health concern. Such
gadgets are getting more powerful, less expensive, and
more freely available online’®. The retina may suffer
irreversible damage from this hail of photons when
exposed to excessive levels of light. An instant thermal
damage might result from a brief exposure to excessively
intense lights. The quantity of thermal damage severity
and degree in tissues subjected to laser beams is
determined by irradiance, spot size, pulse length and
wavelength20,

The current study was planned to compare the effects of
50mW green and blue laser pointers on retinal tissue with
different exposure durations.

Materials and Methods
The experimental, histopathological study was
conducted from November 2021 to April 2022 at the
Postgraduate Laboratory of the Department of
Physiology and Medical Physics, College of Medicine,
Mustansiriyah University, Iraq.
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After approval from the institutional ethics review
committee, the sample was raised, comprising adult male
mice. They were divided into green group G and blue
group B. Group G was exposed to a 50mW green laser
pointer with wavelength 532nm, while group B was
exposed to a blue laser pointer with wavelength 415nm.

The groups were subdivided with respect to duration of
exposure. Subgroups G1 and B1 had exposure time 1min,
G2 and B2 had exposure time 2min, and G3 and B3 had
exposure time 3min. Across the groups, the overall
supplied power density was 130mW/cm2,

All of the mice had free access to food and drink. Diode
laser pointer emitting gallium-aluminum-arsenide
(Shenzhen Huiangi Technology Co., Ltd. China). The
emission was through a small handpiece that made it
possible to focus the beam. Using an optical power meter
(Model 2936-C, Gentec-E, Mestro, Canada), energy was
measured and modulated by the size of the irradiation
point, the distance travelled, and the time. The laser beam
was focused on the mice's right eyes after they had had
anaesthesia with sodium pentobarbital, sparing the
mice's left eyes, which were utilised as the control group.
Laser irradiations were carried out in the dark and
appropriate safety goggles were donned. The
temperature used to irradiate the eyes was 23+2°C.

After being sacrificed by cervical dislocation, the mice had
their right (exposed) and left (non-exposed) eyes quickly
inoculated and perfused with 10% neutral-buffered
formalin solution for at least 24h. The eyeball samples
were divided into two sections longitudinally. They were
embedded in paraffin blocks, sectioned into 4um
sections, and mounted on slides, to be stained with the
standard Haemotoxylin and Eosin (H&E) stain. A double-
blind histopathologist examined each section under a
light microscope to determine the extent of any
destruction of the retinal tissue. The severity of the
destruction was graded as <5% = no lesion, 5-25% = mild,
26-50% = moderate and >50% = severe. The damage was
assessed with respect to reversible and permanent
cellular alterations, cellular layer misalignment, thinning,
and the development of interstitial oedema within
various retinal layers.

Data was analysed using SPSS 24. Data was presented as
mean =+ standard deviation, and statistical tests were run
with 95% confidence level. P<0.05 was considered
statistically significant.

Results
Of the 24 groups, 12(50%) were in each of the 2 groups,
while each subgroup had 4(16.66%) mice. There was
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Figure-1: Total retinal damage following exposure to a green laser 50mW power at Tmin, 2min and 3min*p<0.05, **p<0.001.
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Figure-2: Total retinal damage following exposure to a blue laser 50mW power at Tmin, 2min and 3min.

#p<0.001.

more retinal tissue damage in group G compared to
group B (p<0.05), and the damage increased significantly
with increase in exposure duration in both groups
(Figures 1-2).

Group G1 displayed severe and mainly irreversible retinal
tissue damage with mean destruction of 53.751+5.469%.
These changes included: moderate interstitial oedema
within IS and OS, moderate interstitial thinning in OPL,
loss of cellular stratification and cytoplasmic vacuolation
in ONL, moderately vesicular hydropic swelling in RPE,
and moderate choroidal vascular congestion. Group B1
showed mild and mainly reversible injury with mean
destruction of 13.2+1.76%. The changes included minor

Open Access

interstitial oedema within IS and OS, few vesicular
hydropic swelling in RPE, slight choroid vascular
congestion, mild loss of cellular stratification, and few
cytoplasmic vacuolations. Group G2 showed severe and
mainly irreversible retinal tissue damage with mean
destruction of 81.25+6.7%. These changes included slight
loss of cellular stratification at INL, considerable thinning
of OPL, severe disruption of IS and OS, moderate vesicular
hydropic swelling of RPE, predominant cellular necrosis,
moderate choroid vascular congestion, localised
bleeding, and vascular occlusions. Group B2 showed
moderate and mainly reversible damage with mean
destruction of 26.6%+2.32%. The changes included slight
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Figure-3: (A) Comparison among retinal layer injury following exposure to 50mW green laser for Tmin, 2min and 3min, (B) following exposure to 50mW blue laser for Tmin, 2min and

3min.

RPE: Retinal pigment epithelium, ISOS: Inner segment and outer segment, ONL: Outer nuclear layer, OPL: Outer plexiform layer, INL: Inner nuclear layer, IPL: Inner plexiform layer.

loss of stratification in INL, moderate thinning in OPL,
moderate disruption of IS and OS, moderate choroid
vascular congestion, localised bleeding at the site of
exposure, and moderate loss of cellular stratification in
ONL with pyknosis and interstitial oedema. Group G3
showed severe injury with mean destruction of
96.75+6.62%. The changes included severe loss of cellular
stratification at INL, extended predominate cellular
necrosis in RPE, extensive disruption of OPL, extended
pyknosis and complete loss of cellular stratification in
ONL, complete loss of IS and OS, severe vascular
congestion, localised haemorrhage, and choriocapillaris
occlusions in the choroid. Group B3 showed severe
damage with mean destruction of 60.1+6.04%. The
changes included complete loss of IS and OS, total loss of
INL cellular stratification, extensive OPL disruption,
extensive pyknosis, complete loss of ONL cellular
stratification, significant vascular congestion, localised
bleeding, choriocapillaris occlusions in the choroid,
moderate vesicular hydropic oedema and extended
necrosis in RPE.

Across group G, microscopic changes shows that
exposure to 50mW green laser continuously for Tmin had
a significant effect on the tissue of the retina (p=0.0002)
between G1 and G2, and between G2 and G3 (p=0.01).

Across group B, exposure to 50mW blue laser for Tmin
had a significant difference in the effect on retinal tissue
(p=0.00007) between B1 and B2, and between B2 and B3
(p=0.0000006).

Continuous exposure to green laser for 1min, 2min and
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3min had significant difference (p<0.05) in ONL, and in
ONL, 1S/0OS and RPE between G1 and G2 (p<0.001). No
significant difference existed in RPE between G2 and G3
(p>0.05).

Continuous exposure to blue laser for Tmin, 2min and
3min had significant difference in OPL, ONL, IS/OS and
RPE (p<0.05), while the difference was highly significant in
IS/OS between B1 and B2 (p<0.001). There was no
significant difference in RPE between B2 and B3 (p=0.591)
(Figure 3).

Discussion

The commercially available low-power laser pointers can
cause retinal injury from unintentional short-term
exposure2!, The laser wavelength, laser power, tissue
optical properties, and tissue thermal parameters are the
variables that define the first tissue effect. When laser
light comes into contact with the biological tissue, it can
do a variety of things depending on the recipient's optical
characteristics, like reflect, transmit to nearby tissue,
scatter, and absorb?22.

The laser must be absorbed and transformed into heat
energy for such a chemical biological action to take place
in the tissue. This demonstrates that the density of
energy, pulse width/duration, and rate of heat
conduction all affect how much tissue damage the laser
may cause23. Lasers can harm the retina through
photochemical, thermal, or other means24,

The key characteristics in this regard are the laser
wavelength, spot size, power, exposure duration and
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others4. It has been demonstrated that light wavelengths
in the visible light spectrum are more easily absorbed
than those in the infrared range. Melanin, haemoglobin
and myoglobin strongly absorb short-wavelength visible
laser light (between 400nm and 700nm), whereas infrared
wavelengths have limited pigment-specificity, and
proteins and water are the main absorbers?>. Light
transmission is essential because longer wavelengths
must be able to penetrate the tissue and target deeper
regions23,

The statistical analysis of microscopic changes of all
experimental groups showed that continuous 50mW
green and blue laser exposure had significantly high
differences in their effect on the tissue of the retina
(p<0.001) between groups G and B at the same exposure
time in the current study.

It was found that exposure to both types of lasers used
could cause irreversible retinal layers injury, especially the
outer nuclear cells and the retinal pigmented cells, so that
the exposure to 50mW blue laser for >3min caused
irreversible retinal tissue injury at the site of exposure
with mean destruction of 60.1+6.04%, and exposure to
green laser 50mW for only Tmin caused severe
irreversible retinal tissue injury at the site of exposure
with mean destruction of 53.751+5.469%.

Therefore, the green laser pointer had more effect on the
outer layers of the retina than the blue laser pointers, and
it is possible that the green lasers had more absorption by
RPE than other wavelengths. While in the case of blue
laser, it was obvious that it had less effect on the outer
nuclear layers than green laser because it underwent
scattering and absorption by the anterior parts of the eye
(cornea, lens, vitreous humour, aqueous humour) before
reaching the retina, and this corresponded with the
finding of an earlier study?26. One study2’” mentioned that
the kind of tissue, laser wavelength, and laser power
affect how deeply the signal is transmitted to the tissue.

In the case of blue laser, a study28 found that eye injury
was intimately related to shortwave blue light with
wavelengths between 415nm and 455nm. This intense
blue light reached the retina after passing through the
cornea and lens, which could cause different degrees of
retinal, crystal-clear and corneal damage. In the current
study, the effect of a blue laser pointer on the RPE was
mild-moderate, and affected the anterior parts of the eye
(cornea, lens, vitreous humour, aqueous humour) where it
was absorbed in the cornea, unlike other lasers. This was
due to the scattering effect, where the scattering of tissue
is always a combination of Rayleigh and Mie scattering
depending on what structures are dominant3. So, violet
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and blue light of shorter wavelength will scatter more
than longer wavelength light because Rayleigh scattering
is inversely proportional to the 4th power of wavelength
(yellow and especially red light)29. Therefore, light with
shorter wavelengths, like the blue light, is absorbed by
the cornea more readily than light with a longer
wavelengths30,

Conclusion

The green laser pointer of 50 mW caused more intensive
and irreversible damage to retinal layers than the blue
laser pointers at the same exposure time. Besides, Tmin of
continuous exposure to a 50mW green laser was enough
to elicit irreversible retinal tissue injury, while continuous
exposure to 50mW blue laser for >3 minutes elicited the
same irreversible retinal tissue injury.
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