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Phototherapy

Primary Disciplinary Field(s): Medicine, Dermatology, Psychiatry, Chronobiology, Oncology

1. Core Definition

Phototherapy, also widely recognized as light therapy or, in certain contexts, heliotherapy,

constitutes a non-invasive medical treatment modality that harnesses the therapeutic properties of

specific wavelengths of light. The fundamental principle involves exposing the body, or particular

affected areas, to artificial light sources that mimic natural sunlight or emit specific spectral bands,

such as ultraviolet (UV) or visible light. This approach is primarily employed to address a diverse

array of physiological and psychological conditions, particularly those that are either caused by,

exacerbated by, or can be ameliorated by, appropriate light exposure or a lack thereof. The

therapeutic effects are mediated by complex biological pathways that vary depending on the

specific light wavelength used and the condition being treated, ranging from direct cellular

responses in the skin to systemic neuroendocrine modulation.

The scope of phototherapy extends across various medical disciplines, demonstrating its versatility

and efficacy. In dermatology, it is a cornerstone treatment for inflammatory and proliferative skin

disorders. In psychiatry and sleep medicine, it plays a crucial role in regulating mood and circadian

rhythms. The underlying mechanism often involves the absorption of photons by chromophores

within cells, triggering a cascade of photochemical and photobiological reactions. These reactions

can lead to changes in gene expression, cell proliferation, immune responses, and

neurotransmitter activity, ultimately restoring physiological balance or alleviating pathological

symptoms. The precise application of phototherapy, including the type of light, its intensity,

duration, and timing, is critical to optimize therapeutic outcomes while minimizing potential adverse

effects, underscoring the need for medical supervision.

2. Etymology and Historical Development

The concept of utilizing light for healing purposes is deeply rooted in ancient medical practices,

long preceding modern scientific understanding. The term "heliotherapy," derived from the Greek

word "helios" meaning sun, reflects humanity's earliest recognition of sunlight's therapeutic

potential. Ancient Egyptians, Greeks, and Romans, among other civilizations, documented the use

of sun exposure for various ailments, including skin conditions, muscle pain, and general well-

being. This rudimentary form of phototherapy, however, lacked the precision and control offered by

contemporary methods, relying solely on natural sunlight and empirical observations of its effects.

The modern era of phototherapy began to take shape in the late 19th century with significant

scientific advancements. A pivotal figure was the Danish physician Niels Ryberg Finsen, who, in

1903, was awarded the Nobel Prize in Medicine for his groundbreaking work on the treatment of
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lupus vulgaris (a form of tuberculosis of the skin) using concentrated light radiation. Finsen's clinic

in Copenhagen employed specific wavelengths of light, demonstrating that carefully controlled

artificial light could effectively treat certain diseases. His work marked a paradigm shift,

transitioning from mere sun exposure to a more controlled, scientific application of light.

Throughout the 20th century, research into phototherapy expanded significantly. The discovery of

ultraviolet (UV) radiation and its effects on the skin, including its role in vitamin D synthesis and its

therapeutic potential for conditions like psoriasis, led to the development of specialized UV lamps.

The introduction of PUVA (psoralen plus UVA) therapy in the 1970s further revolutionized

dermatological phototherapy, offering a powerful treatment for severe skin diseases. Concurrently,

the understanding of light's impact on circadian rhythms and mood disorders, particularly Seasonal

Affective Disorder (SAD), paved the way for the development of bright light therapy. These

cumulative advancements have firmly established phototherapy as a mainstream and evidence-

based medical intervention.

3. Key Characteristics and Mechanisms

The efficacy of phototherapy hinges on several key characteristics of light and the specific

mechanisms through which it interacts with biological tissues. Different wavelengths of light

penetrate tissues to varying depths and trigger distinct photobiological responses. For instance,

ultraviolet B (UVB) light primarily acts on the epidermis, while ultraviolet A (UVA) penetrates more

deeply into the dermis. Visible light, particularly blue and red light, also has specific cellular targets

and effects, influencing chromophores such as flavoproteins, porphyrins, and cytochrome c

oxidase. The specificity of these interactions allows for targeted therapeutic interventions without

causing widespread systemic effects typically associated with pharmacological treatments.

In the context of dermatological conditions, the mechanisms of action are multifaceted. For

proliferative disorders like psoriasis, UV light, especially narrowband UVB (NB-UVB), exerts its

therapeutic effects by inhibiting excessive keratinocyte proliferation, inducing apoptosis in activated

T-cells, and modulating the inflammatory response within the skin. It also has immunosuppressive

properties, which help to reduce the autoimmune component of many skin diseases. When

combined with psoralens, a photosensitizing agent, UVA light in PUVA therapy becomes even

more potent, forming cross-links in DNA that further inhibit cell proliferation and immune activity,

making it highly effective for severe cases.

For mood and sleep disorders, the primary mechanism of action involves the retina's non-image-

forming photoreceptors, particularly intrinsically photosensitive retinal ganglion cells (ipRGCs),

which contain the photopigment melanopsin. These cells transmit light signals directly to the

suprachiasmatic nucleus (SCN), the body's central circadian pacemaker located in the

hypothalamus. Light exposure, particularly bright white or blue-enriched light, suppresses the
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production of the sleep-inducing hormone melatonin and helps to reset the circadian clock. This

resetting capability is crucial for treating conditions like Seasonal Affective Disorder (SAD) and

delayed sleep phase disorder, where the internal clock is out of sync with the external

environment, influencing neurotransmitter systems such as serotonin, which plays a vital role in

mood regulation.

4. Therapeutic Applications

The therapeutic applications of phototherapy are extensive and continue to expand as research

uncovers new mechanisms and indications. Broadly, phototherapy finds its utility in three major

areas: dermatological conditions, mood and sleep disorders, and, to a lesser extent, certain

neonatal and emerging applications. The specificity of light wavelengths allows for highly targeted

treatments, minimizing systemic side effects often associated with pharmacological interventions.

This makes it an attractive option for patients who may not tolerate systemic medications or for

whom localized treatment is preferable.

In dermatology, phototherapy is a well-established and highly effective treatment for a myriad of

skin disorders. Its ability to modulate immune responses, reduce inflammation, and inhibit

abnormal cell proliferation makes it indispensable for chronic conditions such as psoriasis,

eczema, and vitiligo. Beyond these, specific light therapies are used for acne vulgaris and even

certain cutaneous lymphomas. The application typically involves exposing affected skin areas to

controlled doses of UV light, which can be tailored to the specific characteristics of the patient's

skin and the severity of their condition. The success of dermatological phototherapy often lies in its

ability to induce remission and improve the quality of life for individuals suffering from chronic and

often disfiguring skin diseases.

For psychiatric and sleep-related conditions, phototherapy, primarily through bright light exposure,

addresses imbalances in circadian rhythms and neurochemical pathways. It is a first-line treatment

for seasonal affective disorder (SAD), where the lack of adequate natural sunlight during winter

months can precipitate depressive episodes. By mimicking bright daylight, phototherapy helps to

regulate melatonin production and neurotransmitter levels, thereby alleviating depressive

symptoms. Furthermore, it is critical for managing various circadian rhythm disorders, including

delayed sleep phase disorder, jet lag, and shift work disorder, by synchronizing the body's internal

clock with the external light-dark cycle. This synchronization helps to normalize sleep patterns,

improve alertness, and enhance overall cognitive function.

5. Specific Disorders Treated

Phototherapy offers targeted treatment for a range of specific physiological and psychological

problems, each benefiting from distinct light wavelengths and protocols. One of its most recognized
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applications is in the management of psoriasis, a chronic autoimmune skin condition characterized

by rapid skin cell turnover and inflamed, scaly patches. For psoriasis, narrowband UVB (NB-UVB)

therapy is particularly effective, working by inhibiting the proliferation of keratinocytes and inducing

apoptosis of pathogenic T-cells in the skin, thereby reducing inflammation and clearing lesions.

PUVA therapy, combining oral or topical psoralen with UVA light, is reserved for more severe or

refractory cases, offering a more potent immunosuppressive and antiproliferative effect.

Beyond psoriasis, phototherapy addresses several other dermatological issues. Acne vulgaris can

be treated with blue light therapy, which targets and destroys the bacterium Propionibacterium

acnes (now known as Cutibacterium acnes) that contributes to acne development. Red light

therapy, often used in conjunction with blue light, helps to reduce inflammation and promote

healing. For eczema (atopic dermatitis), both UVA and UVB phototherapy can alleviate itching and

inflammation by modulating the immune response in the skin. A critical application in neonatology

is for neonatal jaundice, a common condition in newborns caused by elevated levels of bilirubin.

Blue light phototherapy is highly effective here, as it converts unconjugated bilirubin into water-

soluble isomers that can be excreted from the body, thereby preventing severe complications such

as kernicterus.

On the psychological front, phototherapy is a cornerstone for treating Seasonal Affective Disorder

(SAD). This form of depression is directly linked to the diminished natural light exposure during

autumn and winter months. Bright light therapy, delivered via specialized light boxes, simulates

summer sunlight intensity, helping to regulate the body's internal clock and neurotransmitter

balance, particularly serotonin and melatonin. Furthermore, it is a key intervention for various

circadian rhythm disorders, such as delayed sleep phase disorder, where individuals consistently

fall asleep and wake up later than conventional times. Precisely timed light exposure can

effectively reset the circadian clock, promoting more aligned sleep-wake cycles.

6. Types and Wavelengths of Light

The effectiveness of phototherapy is intrinsically linked to the specific types and wavelengths of

light employed, each designed to target distinct biological processes. These light sources are

carefully selected and calibrated to ensure optimal therapeutic outcomes while minimizing potential

side effects. The broad spectrum of light utilized ranges from ultraviolet to visible and even near-

infrared, with each band offering unique penetrative and photobiological properties.

Ultraviolet (UV) light is a cornerstone of dermatological phototherapy. It is typically subdivided

into UVA (320-400 nm) and UVB (290-320 nm). Narrowband UVB (NB-UVB), specifically around

311 nm, is particularly effective for conditions like psoriasis and vitiligo due to its targeted anti-

inflammatory and immunosuppressive effects with fewer side effects than broadband UVB. UVA,

especially when combined with psoralen (PUVA therapy), penetrates deeper into the skin and is
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utilized for more severe forms of psoriasis and other photoresponsive dermatoses. While highly

effective, UV light therapy necessitates careful monitoring due to the potential risks of photoaging

and increased risk of skin cancer with prolonged exposure.

Visible light encompasses a range of wavelengths, with blue and red light being most commonly

used in therapeutic contexts. Blue light (approximately 400-500 nm) is highly effective in treating

neonatal jaundice by isomerizing bilirubin into excretable forms. It is also used for acne therapy,

leveraging its ability to activate porphyrins within C. acnes bacteria, leading to their destruction.

Red light (approximately 600-700 nm) and near-infrared light (700-1000 nm) penetrate deeper into

tissues and are associated with benefits such as inflammation reduction, pain relief, wound

healing, and tissue regeneration, primarily by stimulating mitochondrial activity and increasing ATP

production. For mood and sleep disorders, bright white light, often with a blue-enriched spectrum,

is preferred as it most effectively mimics natural daylight and stimulates the non-image-forming

photoreceptors in the retina responsible for circadian rhythm regulation.

7. Administration and Protocols

The effective administration of phototherapy requires meticulous adherence to established

protocols, which are tailored to the specific condition, the type of light source, and individual patient

characteristics. A crucial aspect of any phototherapy regimen is the prescription, which details the

type of light (e.g., NB-UVB, PUVA, bright white light), the intensity of the light, the duration of each

exposure session, and the frequency of treatments. For dermatological conditions, the initial dose

is often determined by the patient's Minimal Erythema Dose (MED), a test that assesses the skin's

sensitivity to light, to prevent burns and optimize therapeutic effect.

The timing of light exposure is also a critical factor, particularly for circadian rhythm disorders and

SAD. For example, individuals with delayed sleep phase disorder benefit most from morning light

exposure to advance their internal clock, whereas those with advanced sleep phase disorder might

benefit from evening light. For SAD, daily exposure to bright light therapy for 20-60 minutes,

typically in the early morning, is commonly recommended. Patients undergoing UV phototherapy

for skin conditions usually receive treatments several times a week, with doses gradually

increasing over time as tolerance develops. The use of specialized equipment, such as full-body

light cabinets, localized lamps, or light boxes, ensures consistent and controlled delivery of the

prescribed light.

Safety precautions are paramount in all forms of phototherapy. Patients undergoing UV therapy

must wear protective eyewear to prevent ocular damage and often use sunscreen on untreated

areas. Regular skin examinations are necessary to monitor for signs of excessive sun damage or

skin cancer, especially with long-term UV exposure. For bright light therapy, while generally safe,

patients are advised to position the light source appropriately to avoid direct gaze into the light,
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which can cause eye strain. Patient education regarding proper use, potential side effects, and

expected outcomes is essential to ensure compliance and maximize the therapeutic benefits while

mitigating risks.

8. Debates and Criticisms

Despite its widespread use and proven efficacy for many conditions, phototherapy is not without its

debates and criticisms. One of the primary concerns, particularly with UV-based therapies,

revolves around safety. The long-term risk of skin cancer, including melanoma and non-melanoma

skin cancers, is a significant consideration, especially with cumulative UV exposure from

treatments like PUVA. While narrowband UVB is generally considered safer than broadband UVB

or PUVA in this regard, careful monitoring and patient selection are still crucial. Other

dermatological side effects can include accelerated photoaging, dry skin, pruritus, and phototoxic

reactions, which necessitates a careful risk-benefit assessment for each patient.

For bright light therapy, while generally well-tolerated, some individuals may experience side

effects such as eye strain, headaches, nausea, or agitation, particularly during the initial phases of

treatment. There are also concerns about potential ocular damage from prolonged exposure to

intense light, although studies have generally shown bright light therapy to be safe for the eyes

when used correctly with appropriate devices. However, individuals with pre-existing eye

conditions or those taking photosensitizing medications need to exercise caution and consult their

ophthalmologist before commencing therapy. The efficacy of bright light therapy for non-seasonal

depression, while sometimes explored, remains a subject of ongoing debate with less robust

evidence compared to its use in SAD.

Furthermore, debates exist regarding the optimal parameters for phototherapy, including the most

effective wavelengths, intensities, durations, and timing for various conditions. While general

guidelines exist, individual responses can vary significantly, leading to a need for personalized

treatment plans that may require iterative adjustments. The accessibility and cost of specialized

phototherapy equipment, both for clinical and home use, can also be a barrier for some patients.

Additionally, the proliferation of unvalidated "light therapy" products in the consumer market raises

concerns about misleading claims and potential misuse, underscoring the importance of seeking

medical advice and using clinically proven devices under professional guidance.
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