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Editorial

“Let there be light.” Research on phototherapy, light therapy, and photobiomodulation for

healing — Alternative therapy becomes mainstream

In the Judeo-Christian tradition, light was the first creation. Light
therapy or heliotherapy has been used since ancient times for healing.
For example, prior to the advent of antimicrobial therapies, one of the
mainstays of treatment for infectious respiratory diseases such as tu-
berculosis was increased exposure to sunlight provided in sanatoria.'
One hundred years ago, visionaries such as Edgar Cayce and Rudolph
Steiner predicted that in the future vibrational healing from color and
light would revolutionize medicine.>> But for most of the intervening
years, as biochemistry dominated conventional therapeutics, the idea of
light as therapy was, with few exceptions, generally considered radi-
cally alternative and antiquated. Since then, the field has grown ex-
ponentially, spawning a confusing array of terminology. (Table 1).

1. Visible light

In 1903, Danish Nobel laureate Niels Finsen described the use of red
light to prevent suppuration and scarring in patients with smallpox, and
later used ultraviolet light to treat pulmonary tuberculosis, Lupus vul-
garis, and rickets.® In the 1950’s nurses observed that infants whose
cribs were located near windows were less likely to have jaundice than
infants whose cribs were farther from windows.®” Within 20 years,
phototherapy was widely adopted as a standard treatment for neonatal
jaundice due to high levels of unconjugated bilirubin, and research
established that the wavelengths of 480-500 nm (blue-green) were
most effective in helping convert bilirubin to more readily excreted
isomers of bilirubin.® These light waves are longer than ultraviolet rays,
and do not increase the risk of later skin damage or skin cancer.

Three wavelengths of light in the visible and near-visible range are
commonly used in low intensities (e.g., light-emitting diode, LED,
lights) to treat dermatologic conditions: blue (415 nm), red (633 nm),
and near infra-red (830 nm). Blue light is used to treat acne because it
produces a strong photoactivation of endogenous porphyrin chromo-
phores.” Red LEDs have been used to promote post-surgical wound
healing after blepharoplasty and laser resurfacing; red LEDs are also
used to treat psoriasis and to reduce wrinkles in aging skin.>'°

Bright light therapy has become a common complementary therapy
to treat both seasonal and non-seasonal affective disorder in adults and
children''™'%; in fact, there is emerging evidence that individuals who
use indoor tanning beds may do so not only for esthetic reasons, but
also as a form of “self-medication” for mood disorders.'* Furthermore,
ever since a photoreceptor with a highest sensitivity to 470-490 nm
(blue) light was discovered, there have been controversies about whe-
ther these wavelengths alone are better than or equivalent to full
spectrum white light.'®> On the other hand, some researchers are in-
vestigating the benefits of red and infrared light alone on mood and
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cognitive function.'® Substantial research questions remain about the
mechanisms by which light affects mood (e.g., is it something other
than effects on melatonin production?), and the optimal wavelengths or
combination of wavelengths, intensities, and duration of treatments
that promote optimal mood, memory, and other affective and cognitive
function. Excessive exposure to blue light has been linked to insomnia
leading to widespread recommendations to avoid blue-light emitting
electric screens (or block them with amber glasses) before bed.'®

With photodynamic therapy (PDT), light is used to activate a light-
sensitive compound to promote a therapeutic effect. For example, in
dermatology, phototherapy with red, green, or blue LEDs has been used
to activate 5-aminolevulinic acid (5-ALA), leading to release of cyto-
toxic free radicals and cell death; this is one approach to treating
squamous cell carcinoma in situ and actinic keratoses.® Photodynamic
therapy is a rapidly growing field of oncology, joining chemotherapy,
hormonal and immunologic therapies, surgery, and radiation therapy as
a highly specific approach to localized tumor treatment.'” '

In addition to phototherapy for jaundice and bright light therapy for
mood problems, an increasing number of medical applications have
emerged for non-visible forms of light. Of sunlight reaching the earth,
approximately 54% is infrared (30% is near infrared), 44% is visible
light and 2%-3% is ultraviolet radiation (Table 2).

In the highly acclaimed novel, “All the light we cannot see,”
Anthony Doerr describes the lives of a blind Parisian girl and a German
orphan boy whose lives are brought together by the invisible light of
radio waves during World War II. As Doerr’s novel reminds us, visible
light (wavelengths of approximately 400-700 nanometers, nm) com-
prises only a small part of the electromagnetic spectrum (which range
from extremely short gamma rays and X-rays to long radio waves).

2. Ultraviolet light, slightly shorter wavelengths than visible light

Ultraviolet wavelengths of 290-315 nm are absorbed by dermal 7-
dehydrocholesterol, converting it into pre-vitamin D3, which in turn
isomerizes in vitamin D3, supporting the immune system and reducing
the risk of rickets, infectious diseases, diabetes, hypertension, and
cancer.?” In addition to promoting the production of vitamin D, ultra-
violet light (405 nm) can be used to disinfect or sterilize surfaces, air,
and water, e.g., eliminating Pseudomonas aeruginosa from water
taps.”>** Ultraviolet (UV) light disinfects (kills germs) by damaging
DNA, creating difficult to repair thymine dimers.

Ultraviolet light is hazardous not only to bacteria, but also to human
eyes and skin. UV-A (320-400 nm) accounts for up to 95% of the UV
radiation from the sun that reaches the earth; it contributes most to
tanning, skin aging, and wrinkling, and may contribute to skin cancer.
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Table 1
Common Terms in the Field of Light Therapies.
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Term Definition

Example

Biphasic dose response

Decreasing biological effect with higher doses (hormesis) often

observed with low level light therapy

Far infrared light therapy (FILT) 15 micrometer — 1 mm
Gamma knife therapy
Heliotherapy
overall well-being
Infra-red Light Therapy (IRLT)
Infrared Neural Stimulation (INS)
of nerve cells
Infrared Pulsed Laser Device (IPLD)
LED
Light Therapy

Low level light therapy (LLLT) or Low Level
Laser Therapy (LLLT) or Cold Laser or Soft
Laser

Photobiomodulation (PBM)

activity

Use of focused gamma rays for surgical purposes
Exposure to sunshine, used in ancient healing practices to support

Infrared light applied for short time periods or in pulsations
IR pulsed radiation stimulates action potentials in various kinds

Infrared light at 904 nm pulsed at 3 MHz

Light Emitting Diodes, low intensity light

General term sometimes used the same as heliotherapy or
phototherapy, usually using polychromatic or full spectrum light

Use of light at red and near infra-red wavelengths (600-1000 nm)
at low power intensity (< 500mW) to modulate biological

LLLT at red to near infrared frequencies using non-ionizing, non-

Low level light therapy with near infrared light for
traumatic brain injury; fewer doses are sometimes more
effective than more frequent doses

Sauna, Waon therapy

Stereotactic brain surgery for brain tumors
Tuberculosis sanatoria

Promote wound healing; decrease pain, edema
Wound healing; tissue regeneration

Age-related macular degeneration

Acne

Treat delayed sleep phase disorder, seasonal affective
disorder, neonatal jaundice, several dermatologic
disorders

Wound healing; neuroprotection for stroke, TBI,
degenerative brain disorders

Wound healing; skin rejuvenation; fibromyalgia

thermal light sources including lasers, LEDs, and broad band light
involving endogenous chromophores to elicit photophysical and

photochemical effects *
Photodynamic Therapy

Phototherapy
Pulsed radio frequency energy

Blue or full spectrum light
Radio frequencies

Radiation Therapy
Ultraviolet light therapy
Waon Therapy

Ionizing radiation damages DNA
UV-A or UV-B light

Phototherapy used with light-sensitive compounds

Infrared sauna used to induce hyperthermia

Actinic keratosis

Cancer treatment

Neonatal jaundice

Deep heat to treat pain, edema, and promote wound
healing

Destruction of solid tumors

Promote dermal vitamin D synthesis; bactericidal
Chronic heart failure, COPD by stimulating endothelial
nitric oxide synthase protein and increasing
parasympathetic nervous system activity

Table 2
Electromagnetic Spectrum and Therapeutic Uses.

Wave length Type of EM Radiation Therapy

Mechanism(s)

< 0.01nm Gamma Gamma Knife for brain tumors
0.01 nm-10 nm X-ray Radiation therapy for Solid tumors
1 nm -400 nm Ultraviolet Vitamin D

Disinfectant
400 nm -500 nm Violet -Blue Light Phototherapy

510 nm - 640 nm
650 nm -700 nm
700 nm - 3000 nm

Green - Orange Light
Red Light
Infra-red (near)

Dermatologic and esthetic uses
Photobiomodulation
Photobiomodulation

Thermal infrared

3 micrometers — Imm  Infrared (medium -far)

1 mm-30 cm Microwaves Diathermy
15 -30 cm Radar
10 cm-100 km Radio/TV (UHF, VHF, FM)

removal

Dentistry; Body contouring; keloid reduction; electrosurgery; wart

Tissue destruction
Tissue destruction/burning
Atopic dermatitis, acne, psoriasis, vitiligo

Isomerization of bilirubin

Binds to photoacceptors in the dermis

Reduce suppuration from small pox

Wound healing; stroke; TBI; degenerative brain
disorders.

Increase tissue temperature and circulation
Used for thermal tissue ablation, e.g., diathermy
Remote monitoring; monitoring movement
Wound healing; hemostastis; deep tissue heating

UV-B (290-320 nm) comprises much less of the sun’s UV radiation, but
it is more damaging, causing sunburns, and leading to skin cancer. Both
types of UV radiation appear to contribute to age-related cataracts and
macular degeneration, not through DNA damage, but by triggering a
chain reaction leading to protein glycation.?>*® UV radiation scatters at
the skin surface and reaches only about 2-3 mm into the dermis, so its
adverse effects appear mostly in the skin and eyes. There appears to be
a greater risk of damage due to UV radiation in those whose diets are
deficient in antioxidant compounds found in fruits, vegetables, and
seeds (vitamins C and E, carotenoids, polyphenols, etc.).?” This inter-
section of light and diet represents an important integrative health care
research target: What combinations of dietary compounds and light
exposures lead to optimal vitamin D levels without increasing the risk
of skin cancer, cataracts, or macular degeneration?

Despite these risks, narrow band UV-B therapy has become a stan-
dard treatment for skin conditions such as psoriasis and vitiligo, even in
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an age of biological and chemical therapies'®?%; for example, narrow
band UV-B (311 nm) can be used safely to treat psoriasis, vitiligo, and
eczema.’”*° It works by suppressing Langerhans cells, cytokines, and
adhesion molecules, and by selectively reducing T-lymphocytes.

3. The shortest wavelengths: gamma rays and X-rays

The shorter the light rays, the greater the potential of DNA damage
and tissue destruction, which can cause disease or be used ther-
apeutically. The shortest of these, gamma rays, are a form of pene-
trating ionizing radiation that typically arises from nuclear decay, nu-
clear fission, or nuclear fusion. However, the extremely short waves of
gamma radiation can be harnessed as gamma knife surgery. Gamma
“knife” surgery is not an actual knife, but rather a type of stereo-
tactically-guided radio-surgical therapy used with fine precision to treat
brain tumors and vascular abnormalities of the brain. Similarly, X-ray
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waves (0.01-10 nm) are longer than gamma waves but shorter than UV
waves. They are best known medically for their use in imaging, with
classical X-rays, X-ray crystallography, fluoroscopy, and CT scans. X-
radiation can cause radiation burns, bone marrow suppression, and
cancer, but therapeutically, it is used to treat several types of solid
tumors. Both types of short light waves — gamma waves and X-rays —
can cause substantial damage or provide powerful benefits depending
on how they are used, but both have clearly moved from the realm of
invisible mysterious energy to everyday conventional medical practice.

4. Slightly longer than visible light: infrared light, near infrared

Approximately half of the sunlight that reaches the earth is infrared
radiation. Infrared radiation reaches deeper into the body than visible
or ultraviolet light, penetrating 20-30 mm through a range of tissues; it
may have effects even more deeply by triggering changes in circulating
cytokines.® Far red and infrared low-level laser and LED therapy are
used to promote wound healing and to treat several kinds of pain, in-
cluding low back pain, osteoarthritis, tendinopathies, fibromyalgia,
muscle fatigue, wounds, and temporomandibular joint disorder, as well
as edema and inflammation, peripheral nerve injuries, plantar fasciitis,
male infertility, and strokes.*' >® Studies in rodent and monkey models
of Parkinson’s disease have shown that PBM enhances dopaminergic
cell survival and recovery;**~*” several small case series in humans
support its benefits, despite the limited penetration of transcranial in-
frared light from the scalp to the brainstem, suggesting non-local me-
chanisms of effects.*®>° LLLT applied to the forehead increases frontal
cortical blood flow and metabolism, decreases inflammation, stimulates
neurogenesis, and reduces depression scores among patients with major
depressive disorder. °' % A meta-analysis of 11 clinical trials concluded
that LLLT can be considered an effective therapy for breast cancer-re-
lated lymphedema.”® A review of 28 randomized trials concluded that
LLLT promoted statistically significant improvements in periodontitis,
and it has become widely used in dentistry. > Several studies suggest
LLLT can help frozen shoulder and rotator cuff injuries; °*°” it has
become a routine adjunct to physical therapy. A 2009 case series
showed significant immediate benefits on pain and stiffness in adults
with rheumatoid arthritis or ankylosing spondylitis treated with
LLLT.>® Additional case reports suggest safe improvements in executive
function and memory in patients with chronic symptoms following
traumatic brain injury (TBI). *>°° In addition to TBI, other brain pro-
blems affected by LLLT or PBM include stroke, depression, and de-
generative diseases such as Alzheimer’s disease, dementia, and Par-
kinson’s disease. °'°° Since 1967, over 100 phase III randomized
controlled trials and over 1000 laboratory studies have investigated the
effects of LLLT ¢’

Interestingly, LLLT does not exhibit a classical linear dose-response
effect, but instead shows a biphasic dose response in which the lowest
levels of light show no effect, but low levels of light (1 mW -500 mW)
have a much better effect on stimulating and repairing tissues than
higher levels of light.®” This example of hormesis or biphasic dose re-
sponse is well recognized in LLLT and is widely used in conventional
physical therapy applications, another shift from alternative to main-
stream thinking.

5. Far infrared

Physical therapists use far infrared (FIR) therapy to help patients
with a variety of problems, e.g., cardiovascular disease, diabetes, and
chronic kidney disease.®® FIR enables energy to reach 2-3 cm below the
skin’s surface without excessively heating the skin above 40 °C. FIR is
usually administered by an emitter 20 cm above the skin’s surface or via
dry sauna therapy. FIR produces both thermal and non-thermal effects
including increased arterial blood flow, improved circulation and en-
dothelial function, lowered blood pressure, and reduced fatigue and
pain.®® One month of daily FIR sauna therapy has been shown to up-
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regulate endothelial nitric oxide synthase and nitric oxide production as
well as augment angiogenesis.®>”® For example, Waon therapy, a Ja-
panese version of FIR sauna therapy, provided daily for six weeks to
patients with peripheral arterial disease led to improved 6 min walking
distance, mobilization of endothelial progenitor cells, and improved
blood flow in the legs.”’ In patients with Type 2 Diabetes Mellitus
(T2DM), repeated dry sauna therapy with FIR was associated with
significant reductions in urinary markers of oxidative stress;”>”* even
limited FIR treatment aimed at the legs or feet alone was associated
with normalized blood sugar levels, lower cortisol levels, and improved
insulin sensitivity.”* For patients with chronic kidney disease depen-
dent on hemodialysis, FIR therapy can improve blood flow in and pa-
tency of AV grafts.”> In addition, FIR therapy has been effective for
patients with chronic pain, phantom limb pain, chronic fatigue, fi-
bromyalgia, insomnia, and athletes with muscle damage from over-
exercise.®®

6. Microwaves

Microwaves are used to ablate tissue thermally. Another name for
microwave treatment is dielectric heating or diathermy. Diathermy is
used to treat large tumors, e.g., liver, lung, or prostate tumors.
Microwaves can also be used surgically to coagulate bleeding in the
liver or spleen.

7. Radio waves

Pulsed radio frequency energy (PRFE) is used in the palliative
treatment of pain and edema and to promote wound healing. In a 2012
meta-analysis of 25 controlled trials involving over 1300 patients, Guo
and colleagues concluded that there were statistically significant im-
provements in pain, edema, and wound-healing applications with PRFE
treatments.”®

8. How does light affect human biology? Photobiology

The biological effects of light therapy imply a conversion of lumi-
nous energy to metabolic energy, followed by modulation of cell
functioning. Light must first reach the target tissue. Shorter wave-
lengths in the blue and ultraviolet spectrum are scattered in the su-
perficial skin and absorbed by hemoglobin and melanin, and they are
less able to reach deeper tissues than red and near infrared wave-
lengths. High energy, short wavelength energy, such as gamma rays or
lasers release a great deal of energy, resulting in heating and tissue
destruction. Furthermore, wavelengths in the ultraviolet spectrum can
cause DNA damage. In contrast, low level light therapy does not cause
heating or tissue destruction.

Biological systems contain both specialized, photoreceptor, and
nonspecialized, photoacceptor, molecules that can absorb and respond
to light. The specialized photoreceptor molecules include the opsins
(responding to red, green, and blue wavelengths) of the eye as well as
pinopsin in the pineal gland (which responds to blue light at 470 nm).
The more numerous non-specialized molecules that can be affected by
light are called photoacceptors. Photoacceptor molecules, found in
nearly all living cells, are able to absorb light and thereby change cell
functioning.”” The form of the photoacceptor molecule that absorbs
light is called a chromophore. Chromophores typically absorb very
specific wavelengths of light and reflect others, e.g., chlorophyll has
peaks of absorption at 430 nm (blue) and 662 nm (red) and reflects
green light.

Chromophores are usually organic cofactors or metal ions in a
protein structure and contain electrons that can be excited from a
ground to an excited state, leading to a change in the molecule’s con-
formation, which in turn affects molecular function and cellular me-
tabolism.”” For example, phototherapy leads to isomerization of bilir-
ubin into a more easily excreted form. Chromophores almost always
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Table 3
Mechanisms by which Light Affects Biological Systems.
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Mechanism Examples

Chromophore excitation

1 Bilirubin isomerization from blue light, making it more readily excreted

2 Cytochrome C oxidase excited by red/near infrared facilitates electron transport and ATP production
3 NO release leads to vasodilation

DNA damage, killing rapidly dividing cells

1 Radiation therapy for cancer

2 Gamma knife therapy

Heating intracellular water

1 Infrared radiation absorbed by water heats it, affecting temperature-gated calcium ion channels

2 Calcium channels open, leading to secondary signaling

Indirect effects

1 Release of circulating cytokines and antioxidants

2 Activation of immune cells or stem cells
3 Triggering of superficial cortical cells in the brain that send electro-chemical signals to deeper structures

ATP; adenosine triphosphate.

occur as either: a) conjugated pi electron systems (e.g. molecules like
flavins, flavoproteins, pyridine, porphyrins, and melanin that contain
alternating single and double bonds) or b) metal complexes (e.g., cy-
tochrome c oxidase which contains copper and iron, or iron-containing
hemoglobin and myoglobin). Chromophore-containing enzymes allow
for an efficient coupling of electromagnetic energy to chemical energy
and conversion of substrates. Chromophore containing molecules in-
clude hemoglobin, myoglobin, superoxide dismutase, catalase, cyto-
chrome b, cytochrome c, guanylate cyclase, NADH, and nitric oxide
synthase.77 Cytochrome c oxidase (COX or CCO), a large mitochondrial
membrane protein, has been proposed as the primary photoreceptor for
the red-near infrared range in mammalian cells;”®”° LLLT photo-
dissociates nitric oxide (NO) from COX, enabling more efficient mi-
tochondrial respiration and energy production, increased production of
ATP, increased RNA and protein synthesis, increased oxygen con-
sumption, increasing the ratio of NAD to NADH, greater membrane
permeability, calcium release, increased cAMP, generation of free ra-
dicals (including signaling molecules such as reactive oxygen species),
and vasodilation.®”*° Light-mediated vasodilation was first described
by Nobel prize winner RF Furchgott in 1968.%' COX is the most abun-
dant metalloprotein in neural tissue, and its peak absorption spectra
(670 nm and 830 nm) are highly correlated with its peaks in catalytic
activity and ATP content in tissue culture.”” Secondary effects of LLLT
and COX activation include activation of second messengers to the
mitochondria and nucleus, altering levels of gene expression, and
thereby affecting inflammation, apoptosis, and energy metabolism
hours to days after light exposure ”7 (Table 3).

Studies conducted in tissue cultures and animals suggest that LLLT
in the infrared range has numerous biological effects. For example,
LLLT of fibroblasts increases metabolism, DNA synthesis, and growth
rate.®? LLLT also shows beneficial effects on epithelial cells; keratino-
cytes; lymphocytes; endothelial cells; mesenchymal, dental pulp, adi-
pose, bone marrow, and cardiac stem cells; and neurons in tissue cul-
ture.®*"®° In neural tissue, LLLT can help restore function after exposure
to toxins and trauma, prevent damage due to toxins, increase neurite
outgrowth, regulate genes coding for repair and antioxidants, reduce
inflammation, increase proliferation of several types of neurons in-
cluding olfactory stem cells, Schwann cells, astrocytes, and oligoden-
drites.””*®! In animals, LLLT has been shown to enhance neovascular-
ization, increase collagen synthesis, and accelerate healing of skin and
deeper tissues including cartilage, tendons, and nerves, decreasing in-
flammation and swelling caused by injuries, degenerative diseases, or
autoimmune diseases.®!

Transcranial photobiomodulation of the scalp has been shown to
have effects on the brainstem, far beyond the direct reach of the light,
suggesting indirect effects.*® One hypothesized mechanism is the local
release of cytokines, which can circulate to the brainstem. Another
potential indirect mechanism is the activation of immune cells and stem
cells near the scalp which then travel by intracranial circulation to af-
fect the brainstem. Finally, a third potential mechanism involves in-
fluencing the activity of the motor cortex, which transmits neural
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chemical or electrical signals down to the brainstem.® Substantial
additional research is necessary to determine what mechanisms actu-
ally account for the impact of transcranial PBM on deep brain structures
and how best to promote healing there - -whether through transcranial
approaches via the scalp, nose, pharynx, or via blood vessel catheter-
ization or direct application of photostimulator probes intracranially.

9. Conclusion and research challenges for complementary light
therapies

Despite conventional care’s focus on biochemical and surgical
treatment strategies, light therapy using the full electromagnetic spec-
trum, originally a highly suspect alternative therapy, has found its way
into multiple roles in modern medicine.®® Xrays are standard tools in
radiology; oncologists use gamma knives to treat intracranial tumors;
dermatologists uses light from ultraviolet to infrared to treat a variety
of skin conditions; dentists and oral surgeons also use a variety of light
therapies. Light therapy has also been combined with traditional
healing approaches such as acupuncture, e.g., laser acupuncture using
cold lasers. Laser acupuncture has been successfully used to treat many
conditions that are usually treated with acupuncture needles (such as
musculoskeletal pain, headache, and TMJ pain),*”*° leading to com-
pelling research questions about the mechanisms by which it achieves
these benefits. Many questions remain about the precise role of specific
wavelengths of light to treat different conditions. What chromophores
respond best to which wavelengths, and how does their activation affect
DNA expression and cell signaling? Can light directed at a local body
part have distant effects through generation of cytokines and other
signaling molecules? How can light therapy most safely be applied to
deeper structures in the brain and brainstem? What are the effects of
combining light with other mainstream and complementary therapies
such as music and sound, diet and exercise, herbs and meditation?”° We
hope that in the coming years we receive many research papers ad-
dressing the fascinating field of healing with light, a clear example of an
alternative therapy that has moved into the mainstream and can be
used in combination with therapies still considered complementary to
benefit a wide range of human health conditions.
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