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Table 2. Difference in mean percentage improvements in inflammatory lesions between treatments (95% confidence intervals)

Blue-red vs. blue light Blue-red light vs. benzoyl peroxide Blue-red vs. white light
Week 4 156 (5:5-25-7) 96 (-0-4-19-7) 25-4 (15-2-356)
Week 8 156 (5-5-25-7) 15-7 (5-6-25-8) 45-1 (34-9-55-4)
Week 12 13-1 (3:0-23-1) 176 (7:5-27-6) 50-3 (40-1-60-5)
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Figure 1. Inflammatory spot counts. [J, Blue-red light; <, blue light; Figure 2. Comedone counts. (], Blue-red light; ©, blue light; O,
O, benzoyl peraxide: A, white light. benzoyl peroxide: A, white light.
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The clinical and histological effect of home-use,
combination blue-red LED phototherapy for mild-

to-moderate acne vulgaris in Korean patients: a double-

blind, randomized controlled trial
H.H. Kwon,* ).B. Lee,? .Y. Yoon,” S.Y. Park,'” H.H. Ryu," B.M. Park,? Y.J. Kim? and D.H. Suh*?

"Department of Dermatology, Scoul National University College of Madicine, Seoul, Korea
?Acne Rescarch Laboratory, Seoul National University Hospital, Seoul, Koreo
*Department of Dermatology, Chonnem Netiona] University Medicel School, Gwengju, Korea




Noninflammatory lesion (%)

Fig 1. (2) Changes in inflammatory ace lesion counts with time. (b) Changes in noninflammatory acne lesion counts with time. *P < 005 vs.
baseline; P < 005 between meatment and control groups.
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J Clin Laser Med Surg. 2001 Dec;19(6):305-14.

Effect of NASA light-emitting diode irradiation on wound healing.

Whelan HT1, Smits RL Jr, Buchman EV, Whelan NT, Turner SG, Margolis DA, Cevenini V, Stinson H, lgnatius
R, Martin T, Cwiklinski J, Philippi AF, Graf WR, Hodason B, Gould L, Kane M, Chen G, Caviness J.

Author information

Abstract
OBJECTIVE: The purpose of this study was to assess the effects of hyperbaric oxygen (HBO) and
near-infrared light therapy on wound healing.

BACKGROUND DATA: Light-emitting diodes (LED), originally developed for NASA plant growth
experiments in space show promise for delivering light deep into tissues of the body to promote
wound healing and human tissue growth. In this paper, we review and present our new data of
LED treatment on cells grown in culture, on ischemic and diabetic wounds in rat models, and on
acute and chronic wounds in humans.

MATERIALS AND METHODS: In vitro and in vivo (animal and human) studies utilized a variety of
LED wavelength, power intensity, and energy density parameters to begin to identify conditions for
each biological tissue that are optimal for biostimulation. Results: LED produced in vitro increases



J Clin Laser Med Surg. 2003 Apr;21(2):67-74.

Effect of NASA light-emitting diode irradiation on molecular changes for
wound healing in diabetic mice.

Whelan HT1, Buchmann EV, Dhokalia A, Kane MP, Whelan NT, Wong-Riley MT, Eells JT, Gould LJ,
Hammamieh R, Das R, Jett M.

Author information

Abstract
OBJECTIVE: The purpose of this study was to assess the changes in gene expression of near-

Infrared light therapy in a model of impaired wound healing. Background Data: Light-Emitting
Diodes (LED), originally developed for NASA plant growth experiments in space, show promise for
delivering light deep into tissues of the body to promote wound healing and human tissue growth.
In this paper we present the effects of LED treatment on wounds in a genetically diabetic mouse
model.

MATERIALS AND METHODS: Polyvinyl acetal (PVA) sponges were subcutaneously implanted in
the dorsum of BKS.Cg-m +/+ Lepr(db) mice. LED treatments were given once daily, and at the
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Polychromatic LED therapy in burn healing of non-diabetic and diabetic rats.
Al-Watban FA', Andres BL.

Author information

Abstract
OBJECTIVE: We determined the effect of polychromatic light-emitting diodes (LED) in burn
healing of non-diabetic and streptozotocin-induced diabetic rats.

BACKGROUND DATA: LEDs were used as the light source for phototherapy.

MATERIALS AND METHODS: The polychromatic LED is a cluster of 25 diodes emitting photons
at wavelengths of 510-543, 594-599, 626-639, 640-670, and 842-879 nm with 272-mW output
power. Age-matched, male Sprague-Dawley rats (n = 30) were used. Streptozotocin (70 mg/kg)
was used for diabetes induction. Rat weight, hyperglycemia, and glycosuria were monitored for the
first 3 days and weekly thereafter. Rats were anesthetized and shaved after 1 week of diabetes.
Burn areas of 1.5 +/-.03 cm2 were created using a metal rod pre-heated up to 600 degrees C that
was applied for 2 sec. Diabetic and non-diabetic rats were randomized into the following treatment
groups: control, 5, 10, 20, and 30 J/cm2. Light treatment commenced after burn infliction and was
repeated three times per week. Burn areas were measured daily.

RESULTS: Burn healing was impaired significantly during diabetes by -46.17%. Polychromatic
LED treatment using 5, 10, 20, and 30 J/cm2 incident doses influenced healing by 6.85%, 4.93%,
-4.18%, and -5.42% in the non-diabetic rats; and 73.87%, 76.77%, 60.92%, and 48.77% in the
diabetic rats, relative to their controls, respectively.

CONCLUSION: The effect of polychromatic LED in non-diabetic rats was insignificant; however, it
simulated the trend of stimulation and inhibition seen using low-level lasers. Significant stimulation
observed in the diabetic rats demonstrated the usefulness of polychromatic LED in diabetic burn
healing.
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Effects of blue light irradiation on human dermal fibroblasts *
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Blue light inhibits transforming growth factor-p1-induced
myofibroblast differentiation of human dermal fibroblasts

Leonie Taflinski'*, Erhan Demir’*, Jens Kauczok?, Paul Christian Fuchs?, Matthias Born?,
Christoph V. Suschek® and Christian Oplander?

'Department of Plastic and Reconstructive Surgery, Hand Surgery and Burn Center, Medical Faculty, RWTH Aachen University, Aachen, Germany;
*Department of Plastic Surgery, Hand Surgery and Burn Center, Merheim Hospital Cologne, University of Witten/Herdecke, Witten, Germany;
*Philips Technology GmbH, Innovative Technologies, Aachen, Germany; *Department of Trauma and Hand Surgery, Medical Faculty of the
Heinrich-Heine-University Dusseldorf, Dusseldorf, German

Experimental Dermatology, 2014, 23, 240-246
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Inhibition of Fibroblast Proliferation In Vitro Using Low-Level

Infrared Light-Emitting Diodes

Hapar Lev-Tov, MD,*' Nei. Bropy, MD, PuD,* DanieL SiEGEL, MD, MS,* AnD
JARED JaGDEO, MD, MS* ™

Dermatol Surg 2013;39:422-425

BACKGROUND Scars, including hypertrophic and keloidal-type scars, may occur after burns, trauma, or
surgery. Despite several treatment options available for scars, few effective, noninvasive modalities exist.
Recently, a few small clinical studies revealed the possible benefit of red and infrared (IR) low-level light
therapy (LLLT) in scar treatment. One of the important features of scars is proliferation of dermal fibroblasts,
but in vitro data regarding the effects of light-emitting diode (LED)-generated IR light on human skin
fibroblasts is lacking.

OBJECTIVE To evaluate the effect of IR LLLT generated using LEDs on fibroblast proliferation and viability in
vitro.

METHODS AND MATERIALS Irradiation of normal human skin fibroblasts using IR LED panels was
performed in vitro, and modulation of proliferation and viability was quantified using Trypan blue dye
exclusion assay.

RESULTS Fluences of 80, 160 and 320 J/cm? resulted in statistically significantly less fibroblast proliferation
than in controls, without statistically significantly less cellular viability.

CONCLUSION IR LLLT can effectively inhibit fibroblast proliferation in vitro without altering viability and
holds promise for the treatment of scars.

Photomedex loaned the device used in the paper to the authors. Dr. Siegel is on the Photomedex Scientific
Advisory Board.



Inhibition of Fibroblast Proliferation In Vitro Using Red
Light-Emitting Diodes

Hapar Lev-Tov, MD,*" AxprRew Mamavs, BS," Ner. Bropy, MD, PuD,* DanieL SieGeL, MD, MS,*
AND JARED JAGDEO, MD, MS* '

Dermatol Surg 2013;39:1167-1170

BACKGROUND Red light is part of the visible light spectrum. The effects of light-emitting diode (LED)-
generated red light on human skin are not well-characterized.

OBJECTIVE To study the effect of red LED-generated low-level light therapy (LLLT) on fibroblast proliferation
and viability in vitro.

METHODS AND MATERIALS Irradiation of normal human skin fibroblasts using red LED panels was
performed in vitro, and modulation of proliferation and viability was quantified using trypan blue dye
exclusion assay.

RESULTS Statistically significant decreases in cell proliferation were noted at the following fluences (time):
160 J/cm? (30 minutes, 34 seconds), 320 J/cm? (61 minutes, 07 seconds) and 640 J/cm® (122 minutes,
14 seconds) (Figure 1). Irradiation at the 160- (98.5 + 1.2%) and 320-J/cm? (98.0 + 3.1%) doses did not
significantly alter viability.

CONCLUSION At certain fluences, red LLLT can effectively inhibit fibroblast proliferation in vitro without
altering viability and holds promise for the treatment of scars and other proliferative skin diseases.




Green light emitting diodes accelerate wound healing:
Characterization of the effect and its molecular basis in
vitro and in vivo

Tomohiro Fushimi, MD'%; Shigeki Inui, MD, PhD"; Takeshi Nakajima, MD, PhD'; Masahiro Ogasawara, MD?;
Ko Hosokawa, MD, PhD?; Satoshi Itami, MD, PhD'

1. Department of Regenerative Dermatology, Graduate School of Medicine, Osaka University, Osaka, Japan
2. Department of Plastic Surgery, Graduate School of Medicine, Osaka University, Osaka, Japan, and
3. Mignon Belle Clinic, Osaka, Japan
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Laser and LED phototherapies on angiogenesis
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Wound Repair Regen. 2015 Feb 14. doi: 10.1111/wrr.12258. [Epub ahead of print]
Organic Light Emitting Diode Improves Diabetic Cutaneous Wound Healing in Rats.
Wu X', Alberico S, Saidu E, Khan SR, Zheng S, Romero R, Chae HS, Li S, Mochizuki A, Anders J.

@ Author information

Lasers Med Sci. 2015 Jan;30(1):421-8. doi: 10.1007/s10103-014-1687-0. Epub 2014 Nov 13.

Effects of red laser, infrared, photodynamic therapy, and green LED on the healing process of third-degree burns:
clinical and histological study in rats.

de Vasconcelos Catio MH', Nonaka CF, de Albuguerque RL Jr, Bento PM, de Oliveira Costa R.













Regulation of Skin Collagen Metabolism In Vitro
Using a Pulsed 660 nm LED Light Source: Clinical
Correlation with a Single-Blinded Study

Daniel Barolet'?, Charles ). Roberge®, Francois A. Auger>*, Annie Boucher' and Lucie Germain®*

Journal of Investigative Dermatology (2009) 129, 27512759

Table 1. Microtopographic profilometry analysis

Percent improvement Percentage of subjects
post-treatment with improvement

LED- LED-treated  Untreated
treated Untreated P-value (%) (%)

Ra 1857+241 3.73%1.17 <0.0001 97 46
Rz 20.83+226 7.43%1.64 <0.0001 94 51

Values are mean + SEM.
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Figure 1. Increases in type I procollagen and concurrent reduction in
MMP-1 levels in HRS after LED treatment. A cyclic pattern of altemating
highs and lows was observed in response to the 11 consecutive treatments
(T1-T11) for type 1 procollagen and MMP levels. Values are percent
difference * SEM (n =9) between treated and untreated control HRS samples
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Light-emitting diodes: their role in skin rejuvenation

Daniel N. Sauder, MD, FAAD, FACP, FRCPC

International Journal of Dermatology 2010, 49, 12-16







Targeted phototherapy of plaque-type psoriasis using
ultraviolet B-light-emitting diodes

L. Kemény,*t Z. Csoma,t E. Bagdi,{ A.H. Banham,§ L. Krenacsi and A. Koreck{9**

*Dermatological Research Group of the Hungarian Academy of Sciences, Szeged, Hungary

FDepartment of Dermatology and Allergology, University of Szeged, Koranyi fasor 6, 6720 Szeged, Hungary
{Laboratory of Tumour Pathology and Molecular Diagnostics, Szeged, Hungary

§Nuffield Department of Clinical Laboratory Sciences, University of Oxford, John Raddliffe Hospital, Oxford, U K.
§|Department of Immunology, Victor Babes University of Medicine and Pharmacy, Timisoara, Romania

**Allux Medical Inc., Menlo Park, CA, US.A.

British Journdl of Darmatology 2010 163, pp167-173




Background One of the major technological breakthroughs in the last decade is rep-
resented by the diversified medical applications of light-emitting diodes (LEDs).
LEDs emitting in the ultraviolet (UV) B spectrum might serve as a more conve-
nient alternative for targeted delivery of phototherapy in inflammatory skin dis-
eases such as psoriasis.

Objectives We investigated the efficacy and safety of a new UVB-LED photothera-
peutic device in chronic plaque-type psoriasis.

Methods Twenty patients with stable plaque-type psoriasis were enrolled into a
prospective, right-left comparative, open study. Symmetrical lesions located on
extremities or runk were chosen; one lesion was treated with the study device,
whereas the other lesion served as an untreated control. Two treatment regimens
were used in the study, one with an aggressive dose escalation similar to those
used for outpatient treatment and one with slow increase in dose, similar to
those used for treatment at home.

Results Patients in both groups responded rapidly to the UVB-LED therapy. Early
disease resolution was observed in 11 patients (seven in the first group and four
in the second group). Overall improvement at end of therapy was 93% in the
high-dose group and 84% in the low-dose group. Four patients from the high-
dose group and five from the low-dose group were still in remission at the
6-month follow-up visit.

Conclusions These results suggest that this innovative UVB-LED device is effective in
the treatment of localized psoriasis and may be useful in other UV-responsive
skin diseases.
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Prospective randomized study on the efficacy of blue light in the treatment of
psoriasis vulgaris.

Weinstabl A1, Hoff-Lesch S, Merk HF, von Felbert V.

Author information

Abstract

BACKGROUND: Blue light has no known toxic effects on human skin, but reduces the
proliferative capacity of keratinocytes in vitro. We therefore investigated the efficacy of blue light in
the treatment of psoriasis vulgaris (PV).

METHODS: Forty patients with mild to moderate PV and bilateral plaques were assigned to two
groups. Group 1 (n = 20) received irradiation at home with blue light (light-emitting diode, LED,
emission maximum: 420 nm) once daily for 4 weeks. In parallel, group 2 (n = 20) performed
irradiations with another blue light device (LED emission maximum: 453 nm). The contralateral
control plaques remained untreated in both groups.

RESULTS: Thirty-seven patients completed the trial. The main study parameter, the difference of
Local Psoriasis Severity Index (LPSI) scores of the irradiated plagues compared to the control
plaques, showed statistically significant improvement after 4 weeks of treatment in both groups
[group 1 (420 nm): n =17, p=0.04; group 2 (453 nm): n = 20, p = 0.04]. Accordingly, plaque
status as assessed by both the physicians and the patients improved continuously during the 4
weeks of treatment and steadily declined thereafter.

CONCLUSION: Blue light appears to be a promising treatment modality in PV that warrants further
evaluation in larger studies.
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The Growth of Human Scalp Hair Mediated by Visible Red
Light Laser and LED Sources in Males

Raymond J. Lanzafame, Mp, Ma,"* Raymond R. Blanche, Bs,” Adam B. Bodian, mp,*
Richard P. Chiacchierini, php,* Adolfo Fernandez-Obregon, mp,” and Eric R. Kazmirek, Bs®
"Raymond J. Lanzafame, MD PLLC, Rochester, New York

°NST Consulting, LLC, Chatham, New Jersey

9Bodian Dermatology Group, PC, Great Neck, New York

“R.P. Chiacchierini & Associates, Rockville, Maryland

®Hudson Dermatology & Skin Cancer Center, Hoboken, New Jersey

SKaz Arts Photography, Bridgewater, New Jerse




Background and Objectives: Low level laser therapy
(LLLT) has been used to promote hair growth. A double-
blind randomized controlled trial was undertaken to define
the safety and physiologic effects of LLLT on males with
androgenic alopecia.

Methods: Forty-four males (18-48 yo, Fitzpatrick I-IV,
Hamilton-Norwood IIa-V) were recruited. A transition
zone scalp site was selected; hairs were trimmed to 3mm
height; the area was tattooed and photographed.
The active group received a “TOPHAT655” unit contain-
ing 21, 5mW lasers (655+5nm), and 30 LEDS
(655 +20nm), in a bicycle-helmet like apparatus. The
placebo group wunit appeared identical, containing
incandescent red lights. Patients treated at home every
other day x 16 weeks (60 treatments, 67.3J/cm® irradi-
ance/25 minute treatment), with follow up and photog-
raphy at 16 weeks. A masked 2.85 cm? photographic area
was evaluated by another blinded investigator. The
primary endpoint was the percent increase in hair
counts from baseline.

Results: Forty-one patients completed the study (22
active, 19 placebo). No adverse events or side effects
were reported. Baseline hair counts were 162.7 +95.9
(N=22) in placebo and 142.0+ 73.0 (N=22) and active
groups respectively (P=0.426). Post Treatment hair
counts were 162.4+62.5 (N=19) and 228.7+102.8
(N =22), respectively (P=0.0161). A 39% percent hair
increase was demonstrated (28.4 +-46.2 placebo, N=19;
67.2 +33.4, active, N = 22) (P =0.001) Deleting one placebo
group subject with a very high baseline count and a very
large decrease, resulted in baseline hair counts of
151.1+ 81.0 (N=21) and 142.0 £ 73.0 (N = 22), respective-
ly (P=0.680). Post treatment hair counts were
158.2+61.5 (N=18) and 228.7+1028 (N=22)
(P=0.011), resulting in a 35% percent increase in hair
growth (32.3 £44.2, placebo, N=18; 67.2 +33.4, active,
N=22) (P=0.003).

Conclusions: LLLT of the scalp at 655nm significantly
improved hair counts in males with androgenetic
alopecia. Lasers Surg. Med. 45:487-495, 2013.

© 2013 Wiley Periodicals, Inc.
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Fig. 4. Pre and post treatment image examples for active treatment group subjects. Pre-treatment
and 16 weeks post-treatment photo pairs are shown for two active treatment group subjects. Hair
counts were 140 at baseline and 280 at 16 weeks in subject 69 (A), and 143 and 322, respectively in
subject 79 (B). Note that some of the hairs subjectively appear to be thicker and more deeply
pigmented after treatment.




IS LIGHT-EMITTING DIODE PHOTOTHERAPY

(LED-LLLT)
REALLY EFFECTIVE?

Won-Serk Kim ! and R Glen Calderhead 2

1: Department of Dermatology, Kangbuk Samsung Hospital, Sungkyunkwan
University School of Medicine, Seoul, Korea
2: Korean Institute for Photomedicine and Photosurgery Research,
Goyang, South Korea




LED PHOTOTHERAPY

PHOTOACTIVATED PROCESSES
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Fig. 4: Mechanisms underlying the three main LLLT endpoints, particularly associated

with the wavelength of 830 nm, although 633 nm has beneficial effects as well.




Table 2: Molecular level activation by LLLT with appropriate LEDs (From Ref 12)

Classification

Molecules

LLLT-Associated Biological Effects

Growth factors

BNE GDNE FGE bFGE, IGF-1, KGE
PDGE TGEF-B, VEGF

Proliferation
Differentiation
Bone nodule formation

Interleukins

IL-1a, IL-2, 1L-4, IL-6, I1L-8

Proliferation
Migration
Immunological activation

Inflammatory cytokines

PGE2, COX2, IL1B3, TNF-o

Acceleration/Inhibition of inflammation

Small molecules

ATP, cGMP, ROS, CA*, NO, H*

Normalization of cell function
Pain relief

Wound healing

Mediation of cellular activities
Migration

Angiogenesis

Journal of Biomedical Science 2009,16:4
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