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Abstract: The present article provides an overview of photobiomodulation (PBM), also known
as low-level laser light therapy (LLLT), which has garnered attention in ophthalmology for its
potential therapeutic benefits in various ocular diseases. Photobiomodulation involves the use of
low-intensity lasers or light-emitting diodes to stimulate biological processes in target tissues without
causing thermal damage. This article discusses how PBM has been explored across various ocular
conditions, including ocular surface diseases, age-related macular degeneration, diabetic retinopathy,
myopia, amblyopia, and glaucoma. It summarizes findings from human studies and clinical trials
demonstrating positive outcomes of PBM treatment in these areas. Moreover, the article emphasizes
the importance of establishing standardized treatment protocols in terms of session duration and
frequency, light type, and patients’ inclusion criteria to further validate the role of PBM in managing
ocular diseases.
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1. Introduction

Photobiomodulation (PBM) represents a technology that has been widely used in
various medical fields, such as dermatology, psychiatry, oncology, stomatology, physiatry,
and, recently, in ophthalmology. Also known as low-level laser light therapy (LLLT), it
is based on the use of lasers or light-emitting diodes (LEDs) that produce low intensity
light. It is non-invasive and has been shown to decrease inflammation and provide pain
relief [1]. The history of PBM accidentally started in 1967 when Mester and collaborators
studied the effect of a low-level red laser treatment on shaved murine skin in which a tumor
had been previously surgically implanted. They found no evidence in neoplastic changes
but acceleration in hair regrowth. Furthermore, they noted an improved wound healing
in various models following irradiation with defocused red laser light [2,3]. Moreover,
the National Aeronautics and Space Administration (NASA) explored the use of PBM to
enhance healing processes in space [4]. The key distinction of PBM therapy from other
medical laser or LED devices lies in the intensity of the light used [5]. In fact, PBM employs
moderate and non-destructive light intensities, characterized by specific wavelengths,
fluences, and power densities [6]. The radiation used in PBM therapy falls within the
visible and near-infrared spectral range and is absorbed by endogenous chromophores in
target tissues. This absorption triggers photophysical and photochemical events at various
biological scales without causing thermal damage [7].

Understanding the underlying mechanisms of low-level light therapy (LLLT) remains
a topic of debate within the scientific community. According to the main theory proposed

Appl. Sci. 2024, 14, 2623. https://doi.org/10.3390/app14062623 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app14062623
https://doi.org/10.3390/app14062623
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-2815-5031
https://orcid.org/0000-0002-8768-899X
https://orcid.org/0000-0003-2617-0289
https://doi.org/10.3390/app14062623
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14062623?type=check_update&version=1


Appl. Sci. 2024, 14, 2623 2 of 13

by Karu et al., cytochrome C oxidase (Cox) acts as a light acceptor following initial photon
interaction, leading to an increase in mitochondrial membrane potential. However, it is
believed that tissue effects may vary and follow different pathways.

A comprehensive analysis of potential mechanisms of action at the molecular, cellular,
and tissue levels is provided in the article by Freitas et al. At the molecular level, various
potential mechanisms of action have been identified, including activation of chromophores
such as Cox, retrograde mitochondrial signaling, light-sensitive ion channels, and direct ef-
fects mediated by free light on the cell. Additionally, various signal transduction pathways
are involved, such as ATP, cAMP, ROS, Ca2+, and NO, along with the activation of various
transcription factors and effector molecules such as transforming growth factor-beta (TGF-
β), oxidative stress, pro- and anti-inflammatory cytokines, brain-derived neurotrophic
factor (BDNF), vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF),
basic fibroblast growth factor (bFGF), and keratinocyte growth factor (KGF), along with
heat shock proteins (HSP).

At the cellular level, LLLT appears to have an anti-inflammatory and cytoprotective
effect, promoting proliferation, enhancing collagen fiber migration in wounds, inducing
protein synthesis, and being involved in stem cell proliferation [8–13].

This review aims at providing a concise analysis of its applications in treating various
ocular pathologies, including dry eye and ocular surface disease, age-related macular
degeneration (AMD), diabetic retinopathy, myopia, amblyopia, retinopathy of prematurity,
and glaucoma while considering also other potential future applications.

2. Materials and Methods

A comprehensive search was conducted in the PubMed database using the keywords
listed in Table 1. An exhaustive review was carried out, encompassing all studies published
in the English language up to January 2024. A total of 457 full-text articles were identified on
PubMed, of which 1 was excluded as a duplicate. The remaining 456 articles were evaluated
for eligibility. Following a full-text evaluation, 32 articles were included. Additionally, the
search was extended to consider 28 relevant references from the chosen articles.

Table 1. Search strategy and key words used during the literature review.

Treatment Disease

“Photobiomodulation” OR
“Low-level light therapy” AND

“Dry eye disease” OR “Chalazion” OR
“Cataract” OR “Meibomian gland dysfunction”

OR “Age related macular degeneration” OR
“Diabetic retinopathy” OR “Myopia” OR

“Amblyopia” “Glaucoma” OR “Retinopathy of
prematurity” OR “Ophthalmology” OR “Eye”

3. Current Applications
3.1. Ocular Surface System
3.1.1. Dry Eye Disease—Treatment and Prophylaxis

The understanding of dry eye disease (DED) as a multifactorial condition involving
tear film dynamics, ocular surface inflammation, and neurosensory abnormalities has
evolved in recent decades, as highlighted by TFOS DWES II definition. A crucial distinction
is made between aqueous-deficient and evaporative types, with the latter, often associated
with meibomian gland dysfunction (MGD), being more prevalent [14]. Meibomian glands,
located in the eyelids, play a crucial role in tear film stability by secreting meibum. In
cases of obstructive MGD, the glands undergo pathological changes leading to meibum
stasis, duct obstruction, and ultimately acinar atrophy. This process contributes to tear
film instability, increased evaporation, and the initiation of a detrimental cycle marked by
inflammation and elevated tear osmolarity [15–18].

Photobiomodulation therapy has emerged as a potential treatment for MGD. The hy-
pothesis suggests that PBM stimulates ATP production in the meibomian glands, inducing
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endogenous heating and facilitating meibum flow. While there is a considerable body of
research on the combined use of LLLT and intense pulsed light (IPL) technologies, the effec-
tiveness of LLLT as the only therapy in DED associated with MGD is an area with limited
exploration. Three articles addressing the efficacy of LLLT alone have been identified. Park
and collaborators conducted a randomized, double-blind clinical trial involving 40 DED
patients, showing positive effects of LED-LLLT. Light irradiation was performed with a
LED-based array matrix module with 5 planar panels. For the first 1 min of irradiation, a
wavelength of 590 nm in continuous wave and an irradiance of ≈50 µW/cm2 were scanned
panel by panel for 1 s per panel, giving a fluence of ≈50 µJ/cm2. At the end of that minute,
830 nm was delivered from all 5 panels at an irradiance of 100 mW/cm2 for 10 min in
continuous wave mode. The system is LED-based, and the irradiance was below the ANSI
values for maximum permissible exposure (MPE). The energy density over the entire near
field area (encompassing the entire face and orbital area) was therefore ≈60 J/cm2 per
session (HEALITE II, Lutronic, Goyang, Republic of Korea), with a distance between the
treatment head and target tissue of approximately 17 cm [19]. Giannaccare and co-authors
compared LLLT and IPL both performed using the Eye Light device (Espansione Group,
Bologna, Italy), reporting significantly higher improvements in symptoms and tear film
volume after LLLT compared to IPL [20]. Additionally, an at-home LLLT miniaturized
device called my-mask (Espansione Group, Bologna, Italy) has been introduced in the
market, showing positive results without adverse events during a study conducted by
the same group of authors. Light irradiation was performed with 15 min of irradiation at
625 nm ± 40 nm wavelength in continuous wave, an irradiance of ≈35 mW/cm2 and the
standard dose transferred to the patient of 32 J/cm2 [21].

Among the various types of DED, TFOS DEWS II identified the iatrogenic cause owing
to different ocular surgeries and, in particular, senile cataract surgery. In fact, patients
undergoing this surgery may have pre-existing ocular surface alterations that could either
be revealed or exacerbate postoperatively. Diabetic patients are known to be a population
more prone to experience this complication. The pathogenetic mechanism is multifactorial,
such as surgical technique, duration of the procedure, intensity of microscope light, type of
lid speculum, and postoperative topical therapy, among others [22,23].

In a recent randomized controlled double-masked clinical trial, Giannaccare and
colleagues studied the effectiveness of LLLT in preventing iatrogenic DED in healthy
patients undergoing senile cataract surgery. The study included 153 healthy patients, and
131 of them completed the study. The treatment study was performed using the Eye-
light®device (Espansione Group S.p.A., Bologna, Italy) one week before and after surgery.
The control group received a simulated LLLT session with reduced (<30%) output. Results
showed a statistically significant improvement in ocular surface disease index (OSDI) score
after LLLT treatment compared to the placebo group at all time points (1 week and 1 month
after surgery). Additionally, there was a statistically significant improvement in NIBUT
value 1 month postoperatively [24]. Despite the limitations related to the use of OSDI score
for cataract patients with impaired vision and the relatively short follow-up period, this
study is the first to highlight the potential role of LLLT for the prophylaxis of iatrogenic
DED, opening up a new fascinating scenario that requires future research.

3.1.2. Chalazion

Chalazia are benign granulomatous inflammatory lesions affecting the eyelids, primar-
ily attributed to inflammation of the meibomian gland leading to meibum thickening [25].
These lesions are typically self-limiting with a spontaneous resolution rate of 25% after
6 months; however, in the remaining cases they can become recurrent or chronic [26,27]. In
a recent prospective study by Huang and co-workers, the authors found an association be-
tween recurrent and multiple chalazia and Demodex infestation, particularly in paediatric
patients [28]. Conventional treatments include warm compresses, topical (antibiotic and/or
corticosteroid) or systemic medications (e.g., tetracyclines, macrolides), intralesional corti-
costeroid injections, or surgical procedures like incision and curettage. The efficacy of LLLT
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has been explored in a retrospective study conducted by Stonecipher and co-authors. In
this study, 26 eyes of 22 patients with chalazia unresponsive to previous pharmaceutical
or surgical interventions received a 15 min LLLT treatment. A second LLLT session was
applied if there was no evidence of resolution after the first one. Overall, 92% of eyes
showed therapeutic benefits with LLLT, while surgery was required only in the remaining
few cases. Therefore, LLLT appears to be beneficial in this setting reducing the likelihood of
surgical intervention. In this case, the LLLT device investigated was part of the Eye-light®

or Epi-C PLUS system, depending on if the treatment was performed, respectively, outside
USA or in the USA. The wavelength was 633 ± 10 nanometers with an emission power of
100 mW/cm2. The total fluence in the treated area was 110 J/cm2 [29].

3.2. Retina
3.2.1. Age-Related Macular Degeneration

Age-related macular degeneration (AMD) is a leading cause of vision impairment,
especially in developed countries, where it stands as a major contributor to irreversible
blindness among the elderly [30]. AMD involves pathological alterations affecting the
deeper retinal layers of the macula and the surrounding vasculature, culminating in the loss
of central vision. The hallmark clinical observation in AMD is the accumulation of retinal
deposits known as drusen, which may be the first sign of the “dry” form of the disease.
This dry form, being the predominant morphological type, can progress to the “wet” or
neovascular AMD. In neovascular AMD, central choroidal neovascular membranes (CNV)
can form, leading to hemorrhaging and exudation within the retina, ultimately resulting in
profound vision impairment [31].

The AREDS classification system, widely used for age-related macular degeneration
(AMD), categorizes AMD into different groups. The control group (AREDS 1) shows no or
few small drusen. Early AMD (AREDS 2) involves numerous small drusen, some larger
drusen, or RPE abnormalities. Moderate AMD (AREDS 3) includes medium-sized drusen
and at least one large druse, with geographic atrophy not in the central macula. Advanced
AMD (AREDS 4) comprises geographic atrophy of the RPE involving the macula and
neovascular maculopathy, including CNV, retinal detachment, exudation, and fibrovascular
proliferations, often leading to a discoid scar [32,33]. Photobiomodulation is emerging as a
potential treatment for dry AMD. This technique employs three distinct laser wavelengths
(590 nm, 660 nm, and 850 nm) to primarily focus on the mitochondrial electron transport
chain [34,35]. The initial report of the use of PBM to treat AMD in humans dated 2008,
when a prospective study involved 348 eyes and 203 patients affected by dry and wet AMD,
using a semiconductor laser diode with continuous emission (780 nm, 7.5 mW, 292 Hz).
The findings demonstrated enhanced visual acuity for both types of the disease, along
with a reduction in metamorphopsia, scotoma, and dyschromatopsia. Patients with wet
AMD experienced improvements in edema and bleeding. The improved vision persisted
for 3 to 36 months after the treatment. Notably, no changes in visual acuity were reported
in the control group [36]. The ALIGHT was a single-center randomized controlled trial
(RCT) conducted at Bristol Eye Hospital in Bristol, UK. The study included 60 participants
with AREDS grades 2 to 4 and an ETDRS BCVA score of 0.3 logMAR or better in the study
eye. Participants were randomly assigned to receive LED-PBM (505 nm) treatment or no
treatment in the study eye. Photobiomodulation (PBM) was administered for 8 h every night
for 12 months using the Noctura 500 mask (PolyPhotonix Medical, Ltd., Sedgefield, UK). All
participants were concurrently undergoing ranibizumab injections for neovascular AMD
in the fellow eye. Investigators conducted monthly assessments using optical coherence
tomography (OCT) imaging to measure drusen volume and detect the development of
neovascular AMD. ALIGHT demonstrated that there was no significant difference in Best-
Corrected Visual Acuity (BCVA) between participants who received single-wavelength
PBM and those who did not after one year. Furthermore, light therapy did not yield a
significant impact on the progression of early age-related macular degeneration (AMD)
throughout the 12-month duration [37].
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Additionally, in the review published on the Cochrane Library conducted by Henein
and Steel, it is emphasized that in the ALIGHT study, researchers did not adhere to
CONSORT guidelines (Ioannidis 2004) when reporting adverse events, as they did not
provide overall absolute risk per arm or per adverse event type data. The seriousness
of adverse events was not fully disclosed, and there was uncertainty regarding whether
any adverse events were recurrent in the same participant [38]. In the TORPA 1 trial,
18 eyes classified as AREDS stages 2 to 4 of patients aged 50 or older with a visual acu-
ity between 0.1 and 1.0 were included. Devices used were Warp10 (Quantum Devices)
(670 nm ± 15 nm at 50–80 mW/cm2, 4–7.68 J/cm2, for 88 ± 8 s) and Gentlewaves (Light
Bioscience) (590 nm ± 8 nm at 4 mW, 790 nm ± 60 nm at 0.6 mW, for 30 s). Individuals
received a direct transpupillary treatment 18 times within a span of 6 weeks using both
devices. They reported an improvement in both visual acuity and contrast sensitivity
at 12 months [39]. In the TORPA 2 trial, 42 eyes were treated with the same devices of
TORPA 1 trial according to protocol consisting of 3 treatments per week for 3 weeks. A
significant improvement in visual acuity, contrast sensitivity, and anatomical parameters
such as drusen volume was reported [40]. These results are consistent with those reported
in LIGHTSITE I, II, and III trials. LIGHTSITE I is a randomized, sham-controlled, single-
center study investigating the impact of PBM on AMD. The Valeda Light Delivery System
(LumiThera, Inc., Poulsbo, WA, USA) (590 nm, 5 mW/cm2, 70 s, 670 nm, 65 mW/cm2, 70 s,
850 nm, 8 mW/cm2, 180 s) was used in patients with dry AMD who received 9 treatments
(3 treatments per week for 3 weeks) at baseline and after 6 months. The efficacy of PBM
appeared to require periodic retreatments, typically ranging from 4 to 6 months, indicat-
ing that although significant improvements in visual acuity and contrast sensitivity are
initially achieved, these effects are not sustained over the long term without follow-up treat-
ments [41]. The LIGHSITE II study was a double-masked, randomized, sham-controlled,
parallel group, multicenter prospective study that investigates the safety and efficacy of
PBM treatment in 44 eyes of patients with intermediate non-exudative AMD. Thirty-five
percent of the eyes which completed all PBM sessions with the Valeda System showed an
improvement in visual acuity. Furthermore, the study found that an increase over time
of macular drusen volume was registered in the sham group but not in the PBM-treated
group. Although both PBM and sham groups exhibited a growth in geographic atrophy
lesions during the study period, the PBM group demonstrated a reduced growth rate over
the course of 10 months. However, the study comes with several limitations. Firstly, the
variation in disease severity between the treatment and control groups at the beginning
makes it more challenging to interpret the results accurately. Additionally, a notable limi-
tation is the small number of participants who actually completed the planned treatment
in the LIGHTSITE II study, with only 27 subjects receiving it [42,43]. LIGHTSITE III is a
prospective, randomized controlled trial compelling evidence of enhanced clinical and
anatomical outcomes in individuals with intermediate dry AMD following PBM performed
with the Valeda System. A total of 148 eyes of 200 patients were included, most of them
belonging to AREDS 3 stage. Notably, in the preliminary results reported at 13 months, the
PBM group demonstrated a significant improvement in visual acuity and a reduction in
the occurrence of new-onset geographic atrophy. However, regarding BCVA, it is worth
asking whether a mere 2-letter improvement holds clinical significance. However, the
transition rate from non-exudative to exudative AMD was higher in the group receiving
PBM compared to the control group [44]. In a pilot study by Grewal and colleagues, the
authors aimed at evaluating the effect of 670 nm light on dark adaptometry, considered
as a biomarker for AMD. Surprisingly, the light exposure did not impact the AMD group
but reduced rod-recovery time in healthy aging eyes. Structural volumetric analysis re-
vealed no significant alterations in drusen volume or beneficial effects on the outer nuclear
layer after 12 months. Notably, the study did not investigate drusen regression, and the
structural analysis did not support positive outcomes reported in earlier studies. Limita-
tions encompassed the absence of a control arm, potential selection bias, and a relatively
small sample size [45]. Benlahbib and collaborators published the results of a pilot study
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in which the Valeda System with 3 different wavelengths (590 nm; 4 mW/cm2, 660 nm;
65 mW/cm2, 850 nm; 0.6 mW/cm2) was employed. The study aimed at assessing the ef-
fects of PBM on visual acuity and morphological changes in patients with large soft drusen
and/or drusenoid pigment epithelial detachment associated with dry AMD. Twenty eyes
underwent PBM treatment with 2 sessions per week for 5 weeks. The results showed a
significant improvement in visual acuity, drusen volume, and thickness at the 6-month
follow-up visit [46]. Despite all the positive effects described in the above-mentioned stud-
ies, treatment-related adverse effects were reported. Benlahbib and co-authors described a
slight increase in geographic atrophy area and a drusenoid pigment epithelial detachment
rupture in a patient [46]. In addition, in late 2023, Parodi and colleagues documented a case
involving a 63-year-old woman with a subfoveal drusenoid pigment epithelium detach-
ment (D-PED) that collapsed two weeks after the last session of (PBM). The patient received
three PBM sessions per week for three weeks using the Valeda Light Delivery System by
LumiThera Inc. This is the first report of acute macular atrophy development. While the
imaging characteristics of this case may not strongly suggest a PBM-related complication,
the brief duration between the last visit and atrophy emergence implies that PBM might
expedite the natural progression of D-PED, leading to atrophic changes. This case report
suggests that caution is recommended when employing PBM in the treatment of eyes
with D-PED exhibiting outer retinal layer thinning or posterior hypertransmission, as this
therapeutic approach may accelerate macular atrophy [47]. Currently, the ELECTROLIGHT
study (NCT04522999) is ongoing and aims at evaluating the impact of PBM therapy by
recording electroretinograms in patients with dry AMD using the Valeda System. A total
of 23 eyes from 15 patients with intermediate dry AMD receiving PBM treatment have
been enrolled and various visual function parameters were assessed. Another prospective
multicenter randomized controlled trial named DRUSEN (NCT06046118) employing the
Eye Light device is currently recruiting patients. Treatment consists of two phases: (i) 300 s
of continuous yellow light with eyes closed + 60 s of pulsed yellow light with eyes opened;
(ii) 300 s of continuous red light with eyes closed + 60 s of pulsed red light with eyes opened.
Patients undergo two cycles of treatment: the first one consisting of 8 sessions (2 per week
for 4 weeks) and the second one consisting of 6 sessions (2 per week for 3 weeks).

3.2.2. Diabetic Retinopathy

Diabetic retinopathy (DR) is a common microvascular complication that occurs in
individuals with diabetes mellitus [48]. Worldwide, over 100 million individuals are dealing
with DR, and it stands out as a primary cause of vision loss and blindness, particularly in
the working-age adult group [49,50]. Multiple studies explored the potential of PBM in the
setting of DR. In 2022, Tang and co-authors [51] guided a pivotal transition from animal
studies to human application in cases of diabetic macular edema that did not involve
the fovea. Despite promising results in reducing macular thickness, the small sample
size raised caution in drawing definitive conclusions. The potential benefits underscore
the need for larger investigations to establish optimal treatment parameters and address
safety concerns, particularly in patients with pre-existing risk factors. Shen and colleagues
explored different energy levels of 670 nm light, adding valuable insights, and emphasizing
the importance of dose optimization. The observed maximal reduction in central macular
thickness at a specific energy level of 100 mW/cm2 suggests the need for precise dosing in
PBM treatment [52]. Another research by Chen and co-workers supported the safety and
efficacy of PBM in treating diabetic macular edema. The authors observed improvements in
visual acuity, retinal findings and thickness suggesting positive outcomes and encouraging
additional exploration of PBM’s potential in this field [53]. Kaymak and co-authors reported
the same improvements in visual acuity and retinal findings of patients with diabetic
macular edema using the Valeda multiwavelength PBM approach [54]. On the contrary, it is
crucial to highlight the clear contrast between these results and those obtained in the study
conducted by DCRC, in the AE protocol. The phase 2 randomized controlled trial currently
stands as the largest randomized controlled trial investigating the efficacy of PBM on
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DME. A total of 135 adults were enrolled, 69 were assigned to receive PBM treatment, and
66 received placebo. The results, while confirming the safety of PBM, distinctly underscore
the lack of scientific evidence regarding its efficacy in terms of anatomical and functional
improvement. During the 4-month study period, no statistically significant improvements
were observed in the central subfield thickness of optical coherence tomography (OCT
CST). The OCT CST increased by approximately 13 µm in the PBM group and 15 µm in
the placebo group. Additionally, central-involved diabetic macular edema (CI-DME) was
found in 90% of eyes treated with PBM and 86% of eyes treated with placebo at the 4-month
mark, with no significant differences between the two groups. Furthermore, there was a
slight decrease in visual acuity (VA) in both groups, with an average of −0.2 letters in the
PBM group and −0.6 letters in the placebo group [55].

3.2.3. Retinopathy of Prematurity

Retinopathy of prematurity (ROP) is a vascular disorder that impacts infants born ex-
tremely premature or with low birth weight. The worst scenario of ROP is the occurrence of
retinal detachment with subsequent blindness. The risk of these complications has been mit-
igated through vigilant screening and prompt interventions such as laser photocoagulation
and anti-VEGF intravitreal injection. Despite these efforts, ROP continues to be the primary
cause of visual impairment in children [56]. In 2020, Kent and co-authors conducted a
randomized controlled study examining the effectiveness of PBM using 670 nm red light in
premature neonates with ROP. A 670 nm LED was placed on the isolette 20–25 cm above
the baby 15 min each day and provided 9 J/cm2 using a Warp 75 LED device (Quantum
devices, Inc., Barneveld, WI, USA) until 34 weeks corrected gestational age. The pilot study
aimed at assessing treatment feasibility and determining whether the interval and the dose,
based on animal studies, yielded similar results in reducing ROP. The study suggested that
670 nm red light treatment did not significantly impact the growth parameters of preterm
neonates but showed a trend towards a lower incidence of ROP, though not reaching
statistical significance [57].

3.3. Myopia

Myopia is a type of refractive error whose spherical equivalent is equal or higher than
0.50 diopters (D). It is classified as high when the spherical equivalent is equal or higher
than 5.0 D or when the axial length is higher than 26 mm [58]. Myopia is associated with
various ocular complications such as myopic macular degeneration, retinal detachment,
cataract, and open-angle glaucoma [59]. The prevalence of myopia is expected to increase
in the next years, and a meta-analysis estimated that by 2050, half of the world’s population
will be affected by myopia that will be high in 10% of subjects [60]. The increase in myopia
prevalence is believed to be caused, in addition to genetic factors, by modern lifestyle
characterized by reduced outdoor time for children and increased activities involving near
vision, such as the use of digital devices [61–63]. The mechanism of action of PBM therapy
in slowing myopia progression is not entirely clear. Cohen and co-authors highlighted how
light affects dopamine metabolism in the retina [64]. However, it seems that depending
on the wavelength, blue, red, and UV lights act differently. In particular, red light is
that one most associated with slowing myopia [56,65]. The most recent meta-analysis
published in December 2023 demonstrated statistically significant results of PBM therapy
in controlling axial length and spherical error refraction compared to the control group [66].
These data are consistent with those provided by the previous meta-analyses [67,68]. Data
from a secondary analysis of a multicenter randomized controlled trial [69] highlighted
the correlation between PBM therapy and increased choroidal thickness at the macular
level [70]. In the trial was used a desktop light therapy device (Eyerising [Suzhou Xuanjia
Optoelectronics Technology, Suzhou, China]), which consists of semiconductor laser diodes
which deliver low-level red light with a wavelength of 650 ± 10 nm at an illuminance
level of approximately 1600 lux through the pupil to the fundus. Additionally, it has been
observed that changes in choroidal thickness at the macular level in the first 3 months
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are predictive of positive response at 1 year [71]. The efficacy of PBM therapy is dose-
dependent and closely linked to patient compliance [69]. Despite PBM therapy being
proven to be safe and free from complications even in the 2-year study conducted by Xiong
and co-authors, it is essential to extend the follow-up to highlight any potential long-term
adverse effects. In the same study, a rebound effect was documented at the end of 1 year of
PBM therapy [72].

3.4. Amblyopia

Amblyopia is the most prevalent form of vision impairment among children, impacting
approximately 2–4% of the population [73,74]. In the literature, there are a few studies
examining the effectiveness of LLLT in treating amblyopia. However, these studies are
somewhat outdated, and despite showing positive results, no further studies have followed
suit. For these reasons, we find it appropriate to report what we uncovered in the literature
for the sake of completeness, while underscoring the limitations of the evidence. The study
conducted by Ivandic explored the effectiveness of LLLT in treating adolescent and adult
patients with amblyopia. In this single-blinded, placebo-controlled study, 178 patients
with amblyopia caused by ametropia or strabismus were treated with LLLT for an average
number of 3.5 sessions. No occlusion was applied, and no additional medication was
administered. The research suggested that LLLT enhanced visual acuity in adults with
amblyopia, showing statistically significant improvement in over 90% of treated eyes. An
improvement of three or more lines was reached in 56.2% and 53.6% of amblyopic eyes
secondary to ametropia or strabismus, respectively. The treatment effect was maintained
for at least 6 months [75].

3.5. Glaucoma

Glaucoma represents a neurodegenerative disorder characterized by the progressive
degeneration of the optic nerve head and retinal nerve fiber layer functionality [76]. The
pivotal determinants of glaucoma encompass age, ischemia, and structural factors. Aging,
marked by cellular senescence and functional cell deterioration, precipitates an augmented
incidence of glaucoma [77]. Concurrently, structural factors, chiefly influenced by height-
ened intraocular pressure (IOP), delineated as the ratio of discharged aqueous humor to
that produced by the ciliary body, wield substantial influence. Nonetheless, glaucoma
can manifest even within the statistically normal IOP range (10–21 mmHg), named as
normal-tension glaucoma (NTG). It has been demonstrated that mitochondrial dysfunction
is the primary cause of optic neuropathies such as Leber’s optic neuropathy, dominant optic
atrophy, and some cases of glaucoma. It has also been observed that retinal ganglion cells
can initiate rapid degradation of damaged mitochondria in response to acute mitochondrial
damage and activate swift mitochondrial regeneration. This process is triggered by the
AMPK-PGC1α biogenesis axis, which is, in turn, inhibited by TBK1 [78]. Osborne and
co-authors empirically demonstrated the adverse effects of blue light on the mitochon-
dria of retinal ganglion cells. Furthermore, it has been postulated that blue light inflicts
damage upon mitochondrial electron transport chain-related enzymes, specifically flavin
and cytochrome C oxidase (CCO), instigating the generation of photochemical effects and
ROS [79]. While ROS regulation is typically governed by antioxidants, eyes deformed by
ischemia or myopia undergo an excessive production of ROS and mitochondrial DNA
damage due to prolonged blue light exposure. This intricate cascade culminates in the loss
of the visual field through a sequence of events leading to cellular demise [80]. Various
studies substantiate that blue light activation induces both apoptosis and apoptotic necrosis
in retinal cells, potentially underpinning the onset or exacerbation of glaucoma [81–84]. The
beneficial role of red light is centered on the activity of CCO, which reduces one molecule
of oxygen to form two water molecules, stimulating ATP production through the proton
gradient. In eyes damaged by myopia or ischemia, there is a decrease in oxygen concen-
tration and an increase in nitric oxide concentration, which has a higher affinity for CCO,
inhibiting its activity and consequently ATP production. Red light enhances the activity
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of CCO by photodissociating nitric oxide from CCO [78]. Some studies demonstrated the
efficacy of PBM therapy in the treatment of glaucoma. It is observed that PBM has both
a hypotensive and neuroprotective effect [85]. A study conducted on 20 glaucomatous
patients divided into two groups demonstrated a significant reduction in IOP in the group
treated with “Thera-Red” PBM therapy, while the placebo group did not show a significant
reduction in IOP [86]. Although we cannot rely on the clinical evidence from a single case
report, it is interesting to note that a patient with geographic atrophy associated with a
neurodegenerative disease, treated with non-invasive PBM therapy not directly applied to
ocular tissues, showed neurological improvements and positive ocular effects, including
a reduction in intraocular pressure (IOP) [87]. In a murine model with induced acute
glaucoma attack, PBM therapy demonstrated protective effects on ganglion cells, with
significantly higher cell count compared to the untreated model and less reduction in
ganglion cell layer thickness [88].

4. Discussion and Conclusions

Photobiomodulation is a non-invasive approach that showed promising outcomes in
various ocular conditions from the ocular surface to the back of the eye, thus rising to the
attention of the ophthalmology scientific community. The results obtained in ocular surface
diseases are supported by an extensive literature, opening the novel scenario of using this
technology not only for DED/MGD treatment but also for its prophylaxis after cataract
surgery. The role of PBM applied in other ophthalmic fields is more contentious. In AMD,
as highlighted by Fantaguzzi et al. in their recent review, there are many discrepancies
in the robustness of evidence across studies analyzed. Some studies lacked essential
elements such as randomization, placebo controls, and adequate sample sizes. Despite
examining similar parameters, variations in findings were observed due to differences in
baseline conditions. Particularly, evidence regarding reduced drusen volume (DV) was
deemed weak, possibly influenced by the natural cycle of drusen material deposition and
resorption. Larger sample sizes and precise measurements are warranted to confirm the
efficacy of photobiomodulation in reducing DV. Additionally, while drusen resorption is
often perceived positively, its long-term benefits remain uncertain and may even contribute
to adverse outcomes like geographic atrophy (GA) and advanced macular degeneration.
Further research is crucial to understand the mechanisms underlying drusen resorption
and its impact on retinal health over extended periods [89].

The application of PBM in treating diabetic macular edema remains a distant prospect,
particularly considering the discouraging results from the DCRC.

Regarding the effectiveness of PBM for treating amblyopia, there is controversy over
its scientific merit. Despite yielding promising results, the scientific community has not
given them much weight, as they have not led to further similar or follow-up studies. We
decided to include them in our review for two reasons: to ensure completeness and to cite
the studies that later inspired additional research on treating myopia.

It is important to emphasize that currently the literature does not provide sufficient
data to assert with certainty the potential role of PBM in the treatment of various ocular
pathologies. We cannot exclude long-term side effects or assert that the reassuring results
obtained in various studies will persist over time.

In the near future, standardized protocols in terms of number and interval of sessions,
parameters used, and light type, along with strict criteria for patient selection, will allow us
to provide more robust evidence of the role of PBM in the fields of ocular diseases.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.



Appl. Sci. 2024, 14, 2623 10 of 13

References
1. Yadav, A.; Gupta, A. Noninvasive Red and Near-Infrared Wavelength-Induced Photobiomodulation: Promoting Impaired

Cutaneous Wound Healing. Photodermatol. Photoimmunol. Photomed. 2017, 33, 4–13. [CrossRef] [PubMed]
2. Mester, E.; Spiry, T.; Szende, B.; Tota, J.G. Effect of Laser Rays on Wound Healing. Am. J. Surg. 1971, 122, 532–535. [CrossRef]

[PubMed]
3. Mester, E.; Szende, B.; Gärtner, P. Die Wirkung der Lasstrahlen auf den Haarwuchs der Maus [The Effect of Laser Beams on the

Growth of Hair in Mice]. Radiobiol. Radiother. 1968, 9, 621–626. (In German)
4. Whelan, H.T. The NASA Light-Emitting Diode Medical Program-Progress in Space Flight and Terrestrial Applications. Space

Technol. Appl. Int. Forum. 2000, 504, 37–43. [CrossRef]
5. Sommer, A.P. Mitochondrial Cytochrome c Oxidase Is Not the Primary Acceptor for Near Infrared Light-It Is Mitochondrial

Bound Water: The Principles of Low-Level Light Therapy. Ann. Transl. Med. 2019, 7 (Suppl. S1), S13. [CrossRef]
6. AlGhamdi, K.M.; Kumar, A.; Moussa, N.A. Low-Level Laser Therapy: A Useful Technique for Enhancing the Proliferation of

Various Cultured Cells. Lasers Med. Sci. 2012, 27, 237–249. [CrossRef]
7. Anders, J.J.; Arany, P.R.; Baxter, G.D.; Lanzafame, R.J. Light-Emitting Diode Therapy and Low-Level Light Therapy Are

Photobiomodulation Therapy. Photobiomodul. Photomed. Laser Surg. 2019, 37, 63–65. [CrossRef] [PubMed]
8. de Freitas, L.F.; Hamblin, M.R. Proposed Mechanisms of Photobiomodulation or Low-Level Light Therapy. IEEE J. Sel. Top.

Quantum Electron. 2016, 22, 7000417. [CrossRef]
9. Karu, T.I. Mitochondrial Signaling in Mammalian Cells Activated by Red and Near-IR Radiation. Photochem. Photobiol. 2008, 84,

1091–1099. [CrossRef]
10. Hamblin, M.R. Photobiomodulation or Low-Level Laser Therapy. J. Biophotonics 2016, 9, 1122–1124. [CrossRef]
11. Avci, P.; Gupta, A.; Sadasivam, M.; Vecchio, D.; Pam, Z.; Pam, N.; Hamblin, M.R. Low-Level Laser (Light) Therapy (LLLT) in Skin:

Stimulating, Healing, Restoring. Semin. Cutan. Med. Surg. 2013, 32, 41–52. [PubMed]
12. Hode, T.; Duncan, D.; Kirkpatrick, S.; Jenkins, P.; Hode, L. The Importance of Coherence in Phototherapy; Hamblin, M.R., Waynant,

R.W., Anders, J., Eds.; SPIE—The International Society for Optical Engineering: Bellingham, WA, USA, 2009; Volume 7165.
[CrossRef]

13. Hode, L. The Importance of Coherency. Photomed. Laser Surg. 2005, 23, 431–434. [CrossRef] [PubMed]
14. Craig, J.P.; Nichols, K.K.; Akpek, E.K.; Caffery, B.; Dua, H.S.; Joo, C.-K.; Liu, Z.; Nelson, J.D.; Nichols, J.J.; Tsubota, K.; et al. TFOS

DEWS II Definition and Classification Report. Ocul. Surf. 2017, 15, 276–283. [CrossRef] [PubMed]
15. Chhadva, P.; Goldhardt, R.; Galor, A. Meibomian Gland Disease: The Role of Gland Dysfunction in Dry Eye Disease. Ophthalmology

2017, 124, S20–S26. [CrossRef] [PubMed]
16. Knop, E.; Knop, N.; Millar, T.; Obata, H.; Sullivan, D.A. The International Workshop on Meibomian Gland Dysfunction: Report of

the Subcommittee on Anatomy, Physiology, and Pathophysiology of the Meibomian Gland. Investig. Ophthalmol. Vis. Sci. 2011, 52,
1938–1978. [CrossRef]

17. Bron, A.J.; Yokoi, N.; Gafney, E.; Tiffany, J.M. Predicted Phenotypes of Dry Eye: Proposed Consequences of Its Natural History.
Ocul. Surf. 2009, 7, 78–92. [CrossRef]

18. Schaumberg, D.A.; Nichols, J.J.; Papas, E.B.; Tong, L.; Uchino, M.; Nichols, K.K. The International Workshop on Meibomian Gland
Dysfunction: Report of the Subcommittee on the Epidemiology of, and Associated Risk Factors for, MGD. Investig. Ophthalmol.
Vis. Sci. 2011, 52, 1994–2005. [CrossRef]

19. Park, Y.; Kim, H.; Kim, S.; Cho, K.J. Effect of Low-Level Light Therapy in Patients with Dry Eye: A Prospective, Randomized,
Observer-Masked Trial. Sci. Rep. 2022, 12, 3575. [CrossRef]

20. Giannaccare, G.; Pellegrini, M.; Carnovale Scalzo, G.; Borselli, M.; Ceravolo, D.; Scorcia, V. Low-Level Light Therapy Versus
Intense Pulsed Light for the Treatment of Meibomian Gland Dysfunction: Preliminary Results from a Prospective Randomized
Comparative Study. Cornea 2023, 42, 141–144. [CrossRef]

21. Giannaccare, G.; Vaccaro, S.; Pellegrini, M.; Borselli, M.; Carnovale Scalzo, G.; Taloni, A.; Pietropaolo, R.; Odadi, A.S.; Carnevali,
A. Serial Sessions of a Novel Low-Level Light Therapy Device for Home Treatment of Dry Eye Disease. Ophthalmol. Ther. 2023, 12,
459–468. [CrossRef]

22. Gomes, J.A.P.; Azar, D.T.; Baudouin, C.; Efron, N.; Hirayama, M.; Horwath-Winter, J.; Kim, T.; Mehta, J.S.; Messmer, E.M.; Pepose,
J.S.; et al. TFOS DEWS II Iatrogenic Report. Ocul. Surf. 2017, 15, 511–538. [CrossRef] [PubMed]

23. Giannaccare, G.; Rossi, C.; Borselli, M.; Carnovale Scalzo, G.; Scalia, G.; Pietropaolo, R.; Fratto, B.; Pellegrini, M.; Yu, A.C.; Scorcia,
V. Outcomes of Low-Level Light Therapy Before and After Cataract Surgery for the Prophylaxis of Postoperative Dry Eye: A
Prospective Randomised Double-Masked Controlled Clinical Trial. Br. J. Ophthalmol. 2023. online ahead of print. [CrossRef]
[PubMed]

24. Giannaccare, G.; Borselli, M.; Rossi, C.; Carnovale Scalzo, G.; Pellegrini, M.; Vaccaro, S.; Scalia, G.; Lionetti, G.; Mancini, A.;
Bianchi, P.; et al. Noninvasive Screening of Ocular Surface Disease in Otherwise Healthy Patients Scheduled for Cataract Surgery.
Eur. J. Ophthalmol. 2024, in press. [CrossRef] [PubMed]

25. Jordan, G.A.; Beier, K. Chalazion. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2024. Available online:
https://www.ncbi.nlm.nih.gov/books/NBK499889/ (accessed on 10 January 2024).

26. Gilchrist, H.; Lee, G. Management of Chalazia in General Practice. Aust. Fam. Physician 2009, 38, 311–314. [PubMed]

https://doi.org/10.1111/phpp.12282
https://www.ncbi.nlm.nih.gov/pubmed/27943458
https://doi.org/10.1016/0002-9610(71)90482-X
https://www.ncbi.nlm.nih.gov/pubmed/5098661
https://doi.org/10.48550/arXiv.math-ph/9806008
https://doi.org/10.21037/atm.2019.01.43
https://doi.org/10.1007/s10103-011-0885-2
https://doi.org/10.1089/photob.2018.4600
https://www.ncbi.nlm.nih.gov/pubmed/31050924
https://doi.org/10.1109/JSTQE.2016.2561201
https://doi.org/10.1111/j.1751-1097.2008.00394.x
https://doi.org/10.1002/jbio.201670113
https://www.ncbi.nlm.nih.gov/pubmed/24049929
https://doi.org/10.1117/12.809563
https://doi.org/10.1089/pho.2005.23.431
https://www.ncbi.nlm.nih.gov/pubmed/16144489
https://doi.org/10.1016/j.jtos.2017.05.008
https://www.ncbi.nlm.nih.gov/pubmed/28736335
https://doi.org/10.1016/j.ophtha.2017.05.031
https://www.ncbi.nlm.nih.gov/pubmed/29055358
https://doi.org/10.1167/iovs.10-6997c
https://doi.org/10.1016/S1542-0124(12)70299-9
https://doi.org/10.1167/iovs.10-6997e
https://doi.org/10.1038/s41598-022-07427-6
https://doi.org/10.1097/ICO.0000000000002997
https://doi.org/10.1007/s40123-022-00619-3
https://doi.org/10.1016/j.jtos.2017.05.004
https://www.ncbi.nlm.nih.gov/pubmed/28736341
https://doi.org/10.1136/bjo-2023-323920
https://www.ncbi.nlm.nih.gov/pubmed/37890879
https://doi.org/10.1177/11206721241228621
https://www.ncbi.nlm.nih.gov/pubmed/38291650
https://www.ncbi.nlm.nih.gov/books/NBK499889/
https://www.ncbi.nlm.nih.gov/pubmed/19458801


Appl. Sci. 2024, 14, 2623 11 of 13

27. Cottrell, D.G.; Bosanquet, R.C.; Fawcett, I.M. Chalazions: The Frequency of Spontaneous Resolution. Br. Med. J. (Clin. Res. Ed.)
1983, 287, 1595. [CrossRef] [PubMed]

28. Huang, J.; Guo, M.X.; Xiang, D.M.; Yan, L.F.; Yu, Y.; Han, L.; Wang, J.X.; Lu, X.H. The Association of Demodex Infestation with
Pediatric Chalazia. BMC Ophthalmol. 2022, 22, 124. [CrossRef] [PubMed]

29. Stonecipher, K.; Potvin, R. Low-Level Light Therapy for the Treatment of Recalcitrant Chalazia: A Sample Case Summary. Clin.
Ophthalmol. 2019, 13, 1727–1733. [CrossRef]

30. Flores, R.; Carneiro, Â.; Vieira, M.; Tenreiro, S.; Seabra, M.C. Age-Related Macular Degeneration: Pathophysiology, Management,
and Future Perspectives. Ophthalmologica 2021, 244, 495–511. [CrossRef]

31. Thomas, C.J.; Mirza, R.G.; Gill, M.K. Age-Related Macular Degeneration. Med. Clin. North Am. 2021, 105, 473–491. [CrossRef]
32. Age-Related Eye Disease Study Research Group. The Age-Related Eye Disease Study system for classifying age-related macular

degeneration from stereoscopic color fundus photographs: The Age-Related Eye Disease Study Report Number 6. Am. J.
Ophthalmol. 2001, 132, 668–681. [CrossRef]

33. Davis, M.D.; Gangnon, R.E.; Lee, L.-Y.; Hubbard, L.D.; Klein, B.E.; Klein, R.; Ferris, F.L.; Bressler, S.B.; Milton, R.C.; Age-Related
Eye Disease Study Group. The Age-Related Eye Disease Study Severity Scale for Age-Related Macular Degeneration: AREDS
Report No. 17. Arch. Ophthalmol. 2005, 123, 1484–1498. [PubMed]

34. Wong-Riley, M.T.; Liang, H.L.; Eells, J.T.; Chance, B.; Henry, M.M.; Buchmann, E.; Kane, M.; Whelan, H.T. Photobiomodulation
Directly Benefits Primary Neurons Functionally Inactivated by Toxins: Role of Cytochrome c Oxidase. J. Biol. Chem. 2005, 280,
4761–4771. [CrossRef] [PubMed]

35. Ball, K.A.; Castello, P.R.; Poyton, R.O. Low Intensity Light Stimulates Nitrite-Dependent Nitric Oxide Synthesis but Not Oxygen
Consumption by Cytochrome c Oxidase: Implications for Phototherapy. J. Photochem. Photobiol. B 2011, 102, 182–191. [CrossRef]
[PubMed]

36. Ivandic, B.T.; Ivandic, T. Low-Level Laser Therapy Improves Vision in Patients with Age-Related Macular Degeneration. Photomed.
Laser Surg. 2008, 26, 241–245. [CrossRef] [PubMed]

37. Robinson, D.G.; Margrain, T.H.; Dunn, M.J.; Bailey, C.; Binns, A.M. Low-Level Nighttime Light Therapy for Age-Related Macular
Degeneration: A Randomized Clinical Trial. Investig. Ophthalmol. Vis. Sci. 2018, 59, 4531–4541. [CrossRef] [PubMed]

38. Henein, C.; Steel, D.H. Photobiomodulation for non-exudative age-related macular degeneration. Cochrane Database Syst. Rev.
2021, 5, CD013029. [CrossRef] [PubMed]

39. Merry, G.F.; Dotson, R.; Devenyi, R.; Markowitz, S.; Reyes, S. Photobiomodulation as a New Treatment for Dry Age-Related
Macular Degeneration. Results from the Toronto and Oak Ridge Photobimodulation Study in AMD (TORPA). Investig. Ophthalmol.
Vis. Sci. 2012, 53, 2049.

40. Merry, G.F.; Munk, M.R.; Dotson, R.S.; Walker, M.G.; Devenyi, R.G. Photobiomodulation Reduces Drusen Volume and Improves
Visual Acuity and Contrast Sensitivity in Dry Age-Related Macular Degeneration. Acta Ophthalmol. 2017, 95, e270–e277. [CrossRef]

41. Markowitz, S.N.; Devenyi, R.G.; Munk, M.R.; Croissant, C.L.; Tedford, S.E.; Rückert, R.; Walker, M.G.; Patino, B.E.; Chen, L.; Nido,
M.; et al. A Double-Masked, Randomized, Sham-Controlled, Single-Center Study with Photobiomodulation for the Treatment of
Dry Age-Related Macular Degeneration. Retina 2020, 40, 1471–1482. [CrossRef]

42. Grisanti, S.; Bartz-Schmidt, K.-U.; Heimann, H.; Lommatzsch, A.; Walter, P.; Ach, T. Letter to the Editor Regarding “LIGHTSITE II
Randomized Multicenter Trial: Evaluation of Multiwavelength Photobiomodulation in Non-exudative Age-Related Macular
Degeneration”. Ophthalmol. Ther. 2024, 13, 1051–1053. [CrossRef]

43. Burton, B.; Parodi, M.B.; Jürgens, I.; Zanlonghi, X.; Hornan, D.; Roider, J.; Lorenz, K.; Munk, M.R.; Croissant, C.L.; Tedford,
S.E.; et al. LIGHTSITE II Randomized Multicenter Trial: Evaluation of Multiwavelength Photobiomodulation in Non-exudative
Age-Related Macular Degeneration. Ophthalmol. Ther. 2023, 12, 953–968. [CrossRef] [PubMed]

44. Boyer, D.; Hu, A.; Warrow, D.; Xavier, S.; Gonzalez, V.; Lad, E.; Rosen, R.B.; Do, D.; Schneiderman, T.; Munk, M.R.; et al.
LIGHTSITE III: 13-Month Efficacy and Safety Evaluation of Multiwavelength Photobiomodulation in Nonexudative (Dry)
Age-Related Macular Degeneration Using the LumiThera Valeda Light Delivery System. Retina 2023, 44, 487–497. [CrossRef]
[PubMed]

45. Grewal, M.K.; Sivapathasuntharam, C.; Chandra, S.; Gurudas, S.; Chong, V.; Bird, A.; Jeffery, G.; Sivaprasad, S. A Pilot Study
Evaluating the Effects of 670 nm Photobiomodulation in Healthy Ageing and Age-Related Macular Degeneration. J. Clin. Med.
2020, 9, 1001. [CrossRef]

46. Benlahbib, M.; Cohen, S.Y.; Torrell, N.; Colantuono, D.; Crincoli, E.; Amoroso, F.; Semoun, O.; Jung, C.; Souied, E.H. Photobiomod-
ulation Therapy for Large Soft Drusen and Drusenoid Pigment Epithelial Detachment in Age-Related Macular Degeneration: A
Single-Center Prospective Pilot Study. Retina 2023, 43, 1246–1254. [CrossRef]

47. Parodi, M.B.; Antropoli, A.; Arrigo, A.; Cicinelli, M.V.; Bianco, L.; Saladino, A.; Moretti, E.; Bandello, F.; Mansour, A. Acute
Atrophic Evolution of Drusenoid Pigment Epithelium Detachment after Photobiomodulation. Retin. Cases Brief Rep. 2023. online
ahead of print. [CrossRef] [PubMed]

48. Wong, T.Y.; Cheung, C.M.; Larsen, M.; Sharma, S.; Simó, R. Diabetic Retinopathy. Nat. Rev. Dis. Primers 2016, 2, 16012. [CrossRef]
[PubMed]

49. Yau, J.W.; Rogers, S.L.; Kawasaki, R.; Lamoureux, E.L.; Kowalski, J.W.; Bek, T.; Chen, S.J.; Dekker, J.M.; Fletcher, A.; Grauslund, J.;
et al. Global Prevalence and Major Risk Factors of Diabetic Retinopathy. Diabetes Care 2012, 35, 556–564. [CrossRef]

https://doi.org/10.1136/bmj.287.6405.1595
https://www.ncbi.nlm.nih.gov/pubmed/6416516
https://doi.org/10.1186/s12886-022-02261-w
https://www.ncbi.nlm.nih.gov/pubmed/35291979
https://doi.org/10.2147/OPTH.S225506
https://doi.org/10.1159/000517520
https://doi.org/10.1016/j.mcna.2021.01.003
https://doi.org/10.1016/S0002-9394(01)01218-1
https://www.ncbi.nlm.nih.gov/pubmed/16286610
https://doi.org/10.1074/jbc.M409650200
https://www.ncbi.nlm.nih.gov/pubmed/15557336
https://doi.org/10.1016/j.jphotobiol.2010.12.002
https://www.ncbi.nlm.nih.gov/pubmed/21237670
https://doi.org/10.1089/pho.2007.2132
https://www.ncbi.nlm.nih.gov/pubmed/18588438
https://doi.org/10.1167/iovs.18-24284
https://www.ncbi.nlm.nih.gov/pubmed/30208421
https://doi.org/10.1002/14651858.CD013029
https://www.ncbi.nlm.nih.gov/pubmed/34097768
https://doi.org/10.1111/aos.13354
https://doi.org/10.1097/IAE.0000000000002632
https://doi.org/10.1007/s40123-024-00894-2
https://doi.org/10.1007/s40123-022-00640-6
https://www.ncbi.nlm.nih.gov/pubmed/36588113
https://doi.org/10.1097/IAE.0000000000003980
https://www.ncbi.nlm.nih.gov/pubmed/37972955
https://doi.org/10.3390/jcm9041001
https://doi.org/10.1097/IAE.0000000000003805
https://doi.org/10.1097/ICB.0000000000001529
https://www.ncbi.nlm.nih.gov/pubmed/38091605
https://doi.org/10.1038/nrdp.2016.12
https://www.ncbi.nlm.nih.gov/pubmed/27159554
https://doi.org/10.2337/dc11-1909


Appl. Sci. 2024, 14, 2623 12 of 13

50. Ting, D.S.; Cheung, G.C.; Wong, T.Y. Diabetic Retinopathy: Global Prevalence, Major Risk Factors, Screening Practices and Public
Health Challenges: A Review. Clin. Exp. Ophthalmol. 2016, 44, 260–277. [CrossRef]

51. Tang, J.; Herda, A.A.; Kern, T.S. Photobiomodulation in the Treatment of Patients with Non-Center-Involving Diabetic Macular
Edema. Br. J. Ophthalmol. 2014, 98, 1013–1015. [CrossRef]

52. Shen, W.; Teo, K.Y.C.; Wood, J.P.M.; Vaze, A.; Chidlow, G.; Ao, J.; Lee, S.R.; Yam, M.X.; Cornish, E.E.; Fraser-Bell, S.; et al.
Preclinical and Clinical Studies of Photobiomodulation Therapy for Macular Edema. Diabetologia 2020, 63, 1900–1915. [CrossRef]

53. Chen, Z.; Chen, B.; Hu, P.; Liu, H.; Zheng, D. A Preliminary Observation on Rod Cell Photobiomodulation in Treating Diabetic
Macular Edema. Adv. Ophthalmol. Pr. Res. 2022, 2, 100051. [CrossRef]

54. Kaymak, H.; Munk, M.R.; Tedford, S.E.; Croissant, C.L.; Tedford, C.E.; Ruckert, R.; Schwahn, H. Non-Invasive Treatment of Early
Diabetic Macular Edema by Multiwavelength Photobiomodulation with the Valeda Light Delivery System. Clin. Ophthalmol.
2023, 17, 3549–3559. [CrossRef] [PubMed]

55. Kim, J.E.; Glassman, A.R.; Josic, K.; Melia, M.; Aiello, L.P.; Baker, C.; Eells, J.T.; Jampol, L.M.; Kern, T.S.; Marcus, D.; et al.
A Randomized Trial of Photobiomodulation Therapy for Center-Involved Diabetic Macular Edema with Good Visual Acuity
(Protocol AE). Ophthalmol. Retin. 2022, 6, 298–307. [CrossRef] [PubMed]

56. Haddad, M.A.; Sei, M.; Sampaio, M.W.; Kara-José, N. Causes of Visual Impairment in Children: A Study of 3,210 Cases. J. Pediatr.
Ophthalmol. Strabismus 2007, 44, 232–240. [CrossRef] [PubMed]

57. Kent, A.L.; Abdel-Latif, M.E.; Cochrane, T.; Broom, M.; Dahlstrom, J.E.; Essex, R.W.; Shadbolt, B.; Natoli, R. A Pilot Randomised
Clinical Trial of 670 nm Red Light for Reducing Retinopathy of Prematurity. Pediatr. Res. 2020, 87, 131–136. [CrossRef]

58. Morgan, I.G.; Ohno-Matsui, K.; Saw, S.M. Myopia. Lancet 2012, 379, 1739–1748. [CrossRef]
59. Haarman, A.E.G.; Enthoven, C.A.; Tideman, J.W.L.; Tedja, M.S.; Verhoeven, V.J.M.; Klaver, C.C.W. The Complications of Myopia:

A Review and Meta-Analysis. Investig. Ophthalmol. Vis. Sci. 2020, 61, 49. [CrossRef]
60. Holden, B.A.; Fricke, T.R.; Wilson, D.A.; Jong, M.; Naidoo, K.S.; Sankaridurg, P.; Wong, T.Y.; Naduvilath, T.J.; Resnikoff, S. Global

Prevalence of Myopia and High Myopia and Temporal Trends from 2000 through 2050. Ophthalmology 2016, 123, 1036–1042.
[CrossRef]

61. Lin, Z.; Gao, T.Y.; Vasudevan, B.; Ciuffreda, K.J.; Liang, Y.B.; Jhanji, V.; Fan, S.J.; Han, W.; Wang, N.L. Near Work, Outdoor Activity,
and Myopia in Children in Rural China: The Handan Offspring Myopia Study. BMC Ophthalmol. 2017, 17, 203. [CrossRef]

62. Yang, M.; Luensmann, D.; Fonn, D.; Woods, J.; Jones, D.; Gordon, K.; Jones, L. Myopia Prevalence in Canadian School Children: A
Pilot Study. Eye 2018, 32, 1042–1047. [CrossRef]

63. Cao, K.; Wan, Y.; Yusufu, M.; Wang, N. Significance of Outdoor Time for Myopia Prevention: A Systematic Review and
Meta-Analysis Based on Randomized Controlled Trials. Ophthalmic Res. 2020, 63, 97–105. [CrossRef]

64. Cohen, Y.; Peleg, E.; Belkin, M.; Polat, U.; Solomon, A.S. Ambient Illuminance, Retinal Dopamine Release and Refractive
Development in Chicks. Exp. Eye Res. 2012, 103, 33–40. [CrossRef] [PubMed]

65. Wang, M.; Schaeffel, F.; Jiang, B.; Feldkaemper, M. Effects of Light of Different Spectral Composition on Refractive Development
and Retinal Dopamine in Chicks. Investig. Ophthalmol. Vis. Sci. 2018, 59, 4413–4424. [CrossRef] [PubMed]

66. Deng, B.; Zhou, M.; Kong, X.; Luo, L.; Lv, H. A Meta-Analysis of Randomized Controlled Trials Evaluating the Effectiveness and
Safety of Repeated Low-Level Red Light Therapy in Slowing the Progression of Myopia in Children and Adolescents. Indian J.
Ophthalmol. 2024, 72 (Suppl. S2), S203–S210. [CrossRef] [PubMed]

67. Tang, J.; Liao, Y.; Yan, N.; Dereje, S.B.; Wang, J.; Luo, Y.; Wang, Y.; Zhou, W.; Wang, X.; Wang, W. Efficacy of Repeated Low-Level
Red-Light Therapy for Slowing the Progression of Childhood Myopia: A Systematic Review and Meta-analysis. Am. J. Ophthalmol.
2023, 252, 153–163. [CrossRef] [PubMed]

68. Wang, F.; Peng, W.; Jiang, Z. Repeated Low-Level Red Light Therapy for the Control of Myopia in Children: A Meta-Analysis of
Randomized Controlled Trials. Eye Contact Lens 2023, 49, 438–446. [CrossRef] [PubMed]

69. Jiang, Y.; Zhu, Z.; Tan, X.; Kong, X.; Zhong, H.; Zhang, J.; Xiong, R.; Yuan, Y.; Zeng, J.; Morgan, I.G.; et al. Effect of Repeated
Low-Level Red-Light Therapy for Myopia Control in Children: A Multicenter Randomized Controlled Trial. Ophthalmology 2022,
129, 509–519. [CrossRef] [PubMed]

70. Xuan, M.; Zhu, Z.; Jiang, Y.; Wang, W.; Zhang, J.; Xiong, R.; Shi, D.; Bulloch, G.; Zeng, J.; He, M. Longitudinal Changes in
Choroidal Structure Following Repeated Low-Level Red-Light Therapy for Myopia Control: Secondary Analysis of a Randomized
Controlled Trial. Asia Pac. J. Ophthalmol. 2023, 12, 377–383. [CrossRef] [PubMed]

71. Xiong, R.; Zhu, Z.; Jiang, Y.; Wang, W.; Zhang, J.; Chen, Y.; Bulloch, G.; Yuan, Y.; Zhang, S.; Xuan, M.; et al. Longitudinal Changes
and Predictive Value of Choroidal Thickness for Myopia Control after Repeated Low-Level Red-Light Therapy. Ophthalmology
2023, 130, 286–296. [CrossRef]

72. Xiong, R.; Zhu, Z.; Jiang, Y.; Kong, X.; Zhang, J.; Wang, W.; Kiburg, K.; Yuan, Y.; Chen, Y.; Zhang, S.; et al. Sustained and Rebound
Effect of Repeated Low-Level Red-Light Therapy on Myopia Control: A 2-Year Post-Trial Follow-Up Study. Clin. Exp. Ophthalmol.
2022, 50, 1013–1024. [CrossRef]

73. Duke-Elder, S.; Wybar, K. System of Ophthalmology. Vol. VI. Ocular Motility and Strabismus. Optom. Vis. Sci. 1973, 51, 437.
[CrossRef]

74. Epelbaum, M.; Milleret, C.; Buisseret, P.; Dufier, J.L. The sensitive period for strabismic amblyopia in humans. Ophthalmology
1993, 100, 323–327. [CrossRef] [PubMed]

https://doi.org/10.1111/ceo.12696
https://doi.org/10.1136/bjophthalmol-2013-304477
https://doi.org/10.1007/s00125-020-05189-2
https://doi.org/10.1016/j.aopr.2022.100051
https://doi.org/10.2147/OPTH.S415883
https://www.ncbi.nlm.nih.gov/pubmed/38026594
https://doi.org/10.1016/j.oret.2021.10.003
https://www.ncbi.nlm.nih.gov/pubmed/34628066
https://doi.org/10.3928/01913913-20070701-04
https://www.ncbi.nlm.nih.gov/pubmed/17694828
https://doi.org/10.1038/s41390-019-0520-7
https://doi.org/10.1016/S0140-6736(12)60272-4
https://doi.org/10.1167/iovs.61.4.49
https://doi.org/10.1016/j.ophtha.2016.01.006
https://doi.org/10.1186/s12886-017-0598-9
https://doi.org/10.1038/s41433-018-0015-5
https://doi.org/10.1159/000501937
https://doi.org/10.1016/j.exer.2012.08.004
https://www.ncbi.nlm.nih.gov/pubmed/22960317
https://doi.org/10.1167/iovs.18-23880
https://www.ncbi.nlm.nih.gov/pubmed/30193312
https://doi.org/10.4103/IJO.IJO_1037_23
https://www.ncbi.nlm.nih.gov/pubmed/38099371
https://doi.org/10.1016/j.ajo.2023.03.036
https://www.ncbi.nlm.nih.gov/pubmed/37030495
https://doi.org/10.1097/ICL.0000000000001020
https://www.ncbi.nlm.nih.gov/pubmed/37565498
https://doi.org/10.1016/j.ophtha.2021.11.023
https://www.ncbi.nlm.nih.gov/pubmed/34863776
https://doi.org/10.1097/APO.0000000000000618
https://www.ncbi.nlm.nih.gov/pubmed/37523429
https://doi.org/10.1016/j.ophtha.2022.10.002
https://doi.org/10.1111/ceo.14149
https://doi.org/10.1097/00006324-197406000-00016
https://doi.org/10.1016/S0161-6420(13)32170-8
https://www.ncbi.nlm.nih.gov/pubmed/8460000


Appl. Sci. 2024, 14, 2623 13 of 13

75. Ivandic, B.T.; Ivandic, T. Low-level laser therapy improves visual acuity in adolescent and adult patients with amblyopia.
Photomed. Laser Surg. 2012, 30, 167–171. [CrossRef] [PubMed]

76. Weinreb, R.N.; Khaw, P.T. Primary open-angle glaucoma. Lancet 2004, 363, 1711–1720. [CrossRef] [PubMed]
77. Rudnicka, A.R.; Mt-Isa, S.; Owen, C.G.; Cook, D.G.; Ashby, D. Variations in primary open-angle glaucoma prevalence by age,

gender, and race: A Bayesian meta-analysis. Investig. Ophthalmol. Vis. Sci. 2006, 47, 4254–4261. [CrossRef]
78. Surma, M.; Anbarasu, K.; Dutta, S.; Olivera Perez, L.J.; Huang, K.C.; Meyer, J.S.; Das, A. Enhanced mitochondrial biogenesis

promotes neuroprotection in human pluripotent stem cell-derived retinal ganglion cells. Commun. Biol. 2023, 6, 218. [CrossRef]
79. Tao, J.X.; Zhou, W.C.; Zhu, X.G. Mitochondria as Potential Targets and Initiators of the Blue Light Hazard to the Retina. Oxid.

Med. Cell. Longev. 2019, 2019, 6435364. [CrossRef]
80. Osborne, N.N. Mitochondria: Their role in ganglion cell death and survival in primary open-angle glaucoma. Exp. Eye Res. 2010,

90, 750–757. [CrossRef]
81. Del Olmo-Aguado, S.; Núñez-Álvarez, C.; Osborne, N.N. Blue Light Action on Mitochondria Leads to Cell Death by Necroptosis.

Neurochem. Res. 2016, 41, 2324–2335. [CrossRef]
82. Fink, S.L.; Cookson, B.T. Apoptosis, pyroptosis, and necrosis: Mechanistic description of dead and dying eukaryotic cells. Infect.

Immun. 2005, 73, 1907–1916. [CrossRef]
83. Lane, N. Cell biology: Power games. Nature 2006, 443, 901–903. [CrossRef]
84. Ahn, S.H.; Suh, J.S.; Lim, G.H.; Kim, T.J. The Potential Effects of Light Irradiance in Glaucoma and Photobiomodulation Therapy.

Bioengineering 2023, 10, 223. [CrossRef]
85. Zhu, Q.; Xiao, S.; Hua, Z.; Yang, D.; Hu, M.; Zhu, Y.T.; Zhong, H. Near Infrared (NIR) Light Therapy of Eye Diseases: A Review.

Int. J. Med. Sci. 2021, 18, 109–119. [CrossRef]
86. Boudghene, A.C.; Ahmed, T.I.B.; Belbachir, K.; Ghalia, H.B. The Beneficial Effects of Photobiomodulation to Reduce Intraocular

Pressure in Primary Open-Angle Glaucoma. Ophthalmol. Res. Int. J. 2023, 18, 17–26. [CrossRef]
87. Santana-Blank, L.; Rodríguez-Santana, E. Photobiomodulation in Light of Our Biological Clock’s Inner Workings. Photomed. Laser

Surg. 2018, 36, 119–121. [CrossRef] [PubMed]
88. Yeung, M. Effect of Photobiomodulation on Mice with Acute Ocular Hypertension. Master’s Thesis, University of Hong Kong

Libraries, Hong Kong, China, 2021.
89. Fantaguzzi, F.; Tombolini, B.; Servillo, A.; Zucchiatti, I.; Sacconi, R.; Bandello, F.; Querques, G. Shedding Light on Photobiomodu-

lation Therapy for Age-Related Macular Degeneration: A Narrative Review. Ophthalmol. Ther. 2023, 12, 2903–2915. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1089/pho.2011.3089
https://www.ncbi.nlm.nih.gov/pubmed/22235969
https://doi.org/10.1016/S0140-6736(04)16257-0
https://www.ncbi.nlm.nih.gov/pubmed/15158634
https://doi.org/10.1167/iovs.06-0299
https://doi.org/10.1038/s42003-023-04576-w
https://doi.org/10.1155/2019/6435364
https://doi.org/10.1016/j.exer.2010.03.008
https://doi.org/10.1007/s11064-016-1946-5
https://doi.org/10.1128/IAI.73.4.1907-1916.2005
https://doi.org/10.1038/443901a
https://doi.org/10.3390/bioengineering10020223
https://doi.org/10.7150/ijms.52980
https://doi.org/10.9734/or/2023/v18i3387
https://doi.org/10.1089/pho.2018.4445
https://www.ncbi.nlm.nih.gov/pubmed/29649380
https://doi.org/10.1007/s40123-023-00812-y
https://www.ncbi.nlm.nih.gov/pubmed/37768527

	Introduction 
	Materials and Methods 
	Current Applications 
	Ocular Surface System 
	Dry Eye Disease—Treatment and Prophylaxis 
	Chalazion 

	Retina 
	Age-Related Macular Degeneration 
	Diabetic Retinopathy 
	Retinopathy of Prematurity 

	Myopia 
	Amblyopia 
	Glaucoma 

	Discussion and Conclusions 
	References

