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ABSTRACT

Red light and infrared light are key in application of Low level laser therapy and Photodynamic therapy. Their use ranges
from wound healing and acne therapy to skin rejuvenation and treatment of androgenic alopecia. Many clinical studies have
proven its effectiveness and compatibility with other treatment forms.

Background: Visible red light (RL, 620-700 nm) and the near-infrared (NIR, 700-1440 nm) are key in process called
photobiomodulation (PBM) in which absorbed light causes physiologicaleffects in the skin at cellular level. Light of this
wavelength penetrates into the dermis and interacts with melanocytes, as well as fibroblasts, endothelial cells, and immune
cells residing within the dermal layer. Changes in biological processes resulting from this include: increased RNA and protein
synthesis, and increases in oxygen consumption, membrane potential, and NADH and ATP synthesis. Observed
physiological effects range from enhancement in cell signaling and growth factor synthesis to reduction of oxidative stress
and decrease in IL-1, IL-10, and TNF-a levels.

Aim: The aim of this article is to present different ways red light therapy has been utilized in medical fields and the results
accomplished with it.

KEYWORDS

Low-Level Laser Therapy, Photodynamic Therapy, Androgenic Alopecia, Acne Vulgaris, Skin Rejuvination, LED
Masks, Wound Healing
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Introduction

The skin, the largest organ in the human body, serves as the first line of defense against bacteria,
chemicals, temperature extremes, and other environmental factors. It also plays a crucial role in vitamin D
synthesis—just a few of the many reasons why it is essential to overall health and well-being.

Over the years, numerous efforts have been made to preserve a youthful appearance of the skin. Most
have been commercial in nature, and relatively few have achieved lasting success. In the medical field, many
advances in wound healing have proven beneficial, yet there remains considerable room for improvement.

These endeavors, along with extensive research into dermatological diseases, have identified a common
ally—Ilight. Low-level laser therapy (LLLT) employs red light (RL, 620-700 nm) and near-infrared (NIR,
700-1440 nm) wavelengths to stimulate biological processes through absorption by melanin, heme, and opsins.
Photodynamic therapy (PDT), another light-based treatment, combines red light with a photosensitizing drug
to induce therapeutic effects.

In this review, we will examine the applications of these therapies in medicine.

Material and methods: An evaluation of clinical literature regarding the application of
photobiomodulation in skin rejuvenation—including treatment of facial rhytids and dyschromias—as well as
acne vulgaris, wound healing, body contouring, and androgenic alopecia, was conducted.

Low Level Laser Therapy

Research into the effects of low-energy red laser light began approximately 50 years ago. Early
experiments on mice investigated the potential oncogenic effects of red laser exposure and produced surprising
results: no neoplasia occurred, but hair growth was accelerated4. Subsequent studies revealed that red light
exposure enhanced cell proliferation5.Decades of further research have shed light on the biological
mechanisms triggered by red and infrared light. Cytochrome ¢ oxidase activation appears to play a key role,
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stimulating mitochondrial ATP production and increasing cellular metabolic activity. Additionally, red light
reduces the production of reactive oxygen species (ROS), while activating genes involved in tissue
regeneration and repair. Notably, substantialimmunologicalmodulation has also been observed.

Red & Near Infrared Light Blue Light
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Fig. 1. Diagrammatic summary of the effects of red/near-infrared and blue light on epidermis, dermis,
sebaceous glands, hair follicles, and subcutaneous fat. ECM, extracellular matrix;, EGF, epidermal growth
factor; FGF-2, fibroblast growth factor 2; HIF

Photodynamic therapy (PDT)

The concept of the photodynamic effect was first described in the early 20th century by Raab and von
Tappeiner, who demonstrated that certain dyes could sensitize microorganisms to light, leading to cell death.
In the 1970s, scientific interest in this phenomenon was renewed, resulting in numerous studies and
experiments. Since then, photodynamic therapy (PDT) has been investigated and applied in the treatment of
various diseases, with significant progress made in understanding its underlying mechanisms and in identifying
optimal photosensitizing agents.

In dermatology and cosmetic medicine, PDT is widely used for both therapeutic and aesthetic purposes.
The procedure requires three key components: a photosensitizer, a light source, and molecular oxygen in the
target tissue. While both red and blue light are used, red light is often preferred due to its deeper tissue
penetration—reaching the subcutaneous layer—and its lower incidence of adverse effects, making it more
suitable for treating deeper lesions.

When the photosensitizer on or within the skin is activated by light of the appropriate wavelength, it
generates reactive oxygen species (ROS). These ROS induce irreversible oxidative damage to essential cellular
structures, triggering apoptosis, necrosis, and increased autophagy in the targeted cells.
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Fig. 2. Illustrative scheme of photodynamic reactions. The photosensitizer absorbs light and is promoted
from its ground singlet state (1PS) to an excited singlet state (1PS*). Alternatively, the photosensitizer can
convert to an excited triplet state (3PS*) by intersystem crossing. This is a longer-living state that allow
sufficient time for chemical reactions to occur. A photosensitizer in 3PS* state can return to ground state
(1PS) either by emitting phosphorescence, or by photochemical reactions that occur through transfer of
charges or energy. These photochemical reactions can locally generate cytotoxic reactive oxygen species
(ROS) via the Type I or Il photodynamic reactions. In a cellular microenvironment, these ROS have a short
lifespan (<10us), and react with and destroy biomolecules, such as proteins, carbohydrates, nucleic acids,
and lipids, very close (<1um) to the production site. Type I: Charges, such as electrons, are transferred to
surrounding substrates (R), forming radicals (R*) due to the presence of the unpaired electron that was
received. Molecular oxygen (O2) participates directly or indirectly in this reaction pathway forming the
radical anion known as superoxide (O2+—). The superoxide radical can be further reduced to form hydrogen
peroxide (H202), which can also be reduced to form highly reactive free hydroxyl radicals (HO®) via
Fenton-like reactions. Type I1: Energy is transferred to ground state triplet molecular oxygen (302),
creating singlet oxygen (102%*), an excited form of oxygen that is much more reactive than its ground state
triplet counterpart. 1PS = Ground Singlet State of Photosensitizer; 1PS* = First Excited Singlet State of
Photosensitizer; 3PS* = First Excited Triplet State of Photosensitizer; ISC = Intersystem Crossing; 302 =
Ground State Triplet Oxygen, 102 = Excited State Singlet Oxygen.

LED masks

In recent years, one of the most commercialized methods of applying light therapy at home for skin
rejuvenation has been the use of LED face masks. These devices are lined with light-emitting diodes that emit
near-monochromatic light in the red (approximately 670—720 nm) and near-infrared (around 880 nm) ranges
of the spectrum. They can be used daily at home with minimal to no reported adverse effects.

Their widespread popularity, however, is accompanied by controversy. Because these devices operate
at energy levels below those considered a medical hazard, they are not regulated by the U.S. Food and Drug
Administration (FDA). The large number of controllable parameters—such as wavelength, spatial coherence,
polarization (the geometric orientation of the light wave relative to its direction of travel), pulse structure,
fluence (total energy delivered), irradiance (power per unit area), and frequency of exposure—makes low-level
light therapy (LLLT) difficult to standardize for clinical trials or systematic reviews.

This variability poses challenges in proving that the effects observed in patients are not simply due to
placebo or marketing exaggeration. Additionally, optimal wavelengths, dosage schedules, and treatment
conditions have yet to be firmly established.8
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2. Research materials and methods

Methods

A list of therapeutic indications for LLLT and PDT was established by literature review. Independent
searches were performed by the authors and discrepancies were handled. The search was conducted with
PubMed (Syear limit; United States National Library of Medicine [NLM], Bethesda, MD).

Al

Al was utilized for two specific purposes in this research. Text analysis of clinical reasoningnarratives
to identify linguistic patterns associated with specific logical fallacies. Assistancein refining the academic
English language of the manuscript, ensuring clarity, consistency, and adherence to scientific writing standards.
Al were used for additional linguisticrefinement of the research manuscript, ensuring proper English grammar,
style, and clarity inthe presentation of results. It is important to emphasize that all Al tools were used strictly
asassistive instruments under human supervision. The final interpretation of results, classification of errors,
and conclusions were determined by human experts in clinicalmedicine and formal logic. The Al tools served
primarily to enhance efficiency in dataprocessing, pattern recognition, and linguistic refinement, rather than
replacing humanjudgment in the analytical process.

3.Research results

Wound healing

In vitro and in vivo experimental studies performed on rats, along with clinical reviews conducted within
the last five years, demonstrate that low-level laser therapy (LLLT) plays an important and significant role in
wound healing.

In one experimental setup, LED light was applied daily to wounds in rats using the Oncollux device,
which contains six diodes emitting at a wavelength of 660 = 20 nm with a power output of 5 mW. Each
exposure lasted 7 minutes, delivering an energy density of 2.7 J/cm?, equivalent to 2 J per point.

The wounds, 10 mm in diameter, were created on the animals’ backs. LED exposure was administered
immediately after wound induction, with the device placed in direct contact with the ulcer. LLLT treatment
accelerated wound closure and was associated with a heightened inflammatory response compared to the
control group—indicative of a more advanced healing process.

Additionally, an anti-oxidative effect was observed throughout the entire experimental period, with
lower malondialdehyde (MDA) levels and higher glutathione (GSH) levels in the LED-treated group compared
to controls.

Comparison of clinical studies in this topic is hard due to inconsistencies in applied treatment protocols.
Many of the studies focused only on first days and weeks of healing time. Despite these limitations all of them
have shown substantial impact of LLLT on wound healing.

Clinical trial performed in state university of New York tested the impact LLLT would have on post-
operative scaring. One week post surgery patients started reciewing LED Red Light to incision sites at fluences
of 160 J/cm2, 320 J/cm2, or 480 J/cm2, triweekly for three weeks. At 1, 3 and 6-12 months assesments of
injury site was performed. At 6 month mark groups receiving medium LED-RL dose presented greater
improvements on scan flexibility. The high dose treated scars showed the best patient ratings from baseline to
control group. Moreover medium and high dose-treated scars had less collagen than control group at6 month
point, which is associated with better healing.

Another research published in Indian Journal of Dental Research Looked into LLLT’s influence on pain
and periapical healing. Firstly notable but not statistically significant difrences were reported by patients: those
treated with red light felt less pain. Radiographical testresults showed reduction in size of periapical lesions
that was greater in patients in LLLT group.9711

Acne vulgaris

Acne vulgaris is often a chronic and treatment-resistant condition. In recent years, photodynamic therapy
(PDT) has emerged as a highly effective therapeutic option. It is now recommended as a Grade A treatment,
supported by Level I evidence in evidence-based medicine.

Clinical studies have demonstrated that PDT using aminolevulinic acid (ALA) solution in combination
with red light significantly reduces both inflammatory and non-inflammatory lesions.In some patients,
improvement in inflamed skin was observed after the first treatment session. The efficacy of PDT can be
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further enhanced by adjunctive methods such as CO: fractional laser therapy or microneedling, although it is
also highly effective as a standalone treatment.

When PDT was combined with intense pulsed light (IPL) therapy, notable additional benefits were
observed, including reduced sebum secretion and decreased pore size, with effects lasting up to eight weeks.
Another study reported that, in addition to ALA, a chlorin e6 derivative can serve as an effective
photosensitizer for the treatment of acne vulgaris.12715

Androgenic Alopecia

A non-scarring form of hair loss affects both men and women and is driven by genetic predisposition
combined with androgen-mediated effects on hair follicle fiber production. Current standard treatments include
Sa-reductase inhibitors (finasteride, dutasteride) and topical minoxidil; however, these therapies fail to produce
satisfactory results in many patients.

Recent studies have shown that low-level laser therapy (LLLT), when combined with these established
treatments, can significantly increase hair density and thickness. Additional approaches—such as
microneedling and autologous non-activated platelet-rich plasma (PRP)—have also demonstrated enhanced
outcomes when used alongside LLLT.."*-""

Skin rejuvenation

Aging is influenced by numerous factors. Some can be controlled—such as sun exposure, air pollution,
malnutrition, and smoking—while others are largely beyond our control, such as hormone levels, DNA repair
capacity, accumulation of DNA mutations, and reactive oxygen species (ROS).

Research into the medical applications of LLLT suggests that we can, to some extent, influence the latter
group of factors. Exposure to red light has been shown to:
Reduce the production of ROS
Activate genes involved in tissue regeneration and repair
Increase the number of dermal fibroblasts
Boost the number of mitochondria and vimentin filaments

Fig. 3. Clinical example of skin rejuvenation (rhytids and dyschromia) with LLLT. A 73-year-old female
treated with a homeuse dual-wavelength LLLT device at 470 and 808 nm for 20 minutes/day for 12 weeks.
(A) Pretreatment and (B) 1 week after discontinuation of treatment. LLLT, low-level light therapy.
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Enhanced fibroblast activity has been linked to greater collagen and elastin synthesis. Biochemically,
LLLT has also been associated with elevated levels of cytokines—interleukin 1B (IL-1f), IL-6, tumor necrosis
factor o (TNF-a)—and tissue inhibitors of matrix metalloproteinases (TIMP-1 and TIMP-2).

Clinically, numerous studies have reported significant reductions in wrinkle depth, improvements in
skin elasticity, and high patient satisfaction. Furthermore, LLLT has been shown to promote repigmentation
by stimulating melanoblast migration and melanogenesis in melanocytes.1921

Discussion

Red light has become an essential component in emerging treatment protocols and cosmetic
applications. Whether used as LLLT or in photodynamic therapy (PDT)—alone or in combination with other
modalities—it is increasingly important to integrate it into patient care and continue research into its potential.

Light, once viewed as the skin’s enemy (through harmful UV radiation causing photoaging and cancer),
is now emerging as a valuable ally in regeneration and rejuvenation. The growing body of evidence, coupled
with public interest in health and wellness, suggests that innovations such as LED masks will continue to gain
popularity.

Although LLLT has shown minimal adverse effects, ongoing research is essential to ensure safe, effective,
and responsible use. The most pressing issue remains the lack of standardized treatment protocols, including the
optimal number of sessions per week and total treatment duration, to achieve the best possible results.

Conclusions

Low-level laser therapy (LLLT) and photodynamic therapy (PDT) are valuable tools in medicine. They
can be effectively incorporated into protocols for wound healing, acne treatment, androgenic alopecia, and
skin rejuvenation.
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