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Abstract

Low level laser therapy (LLLT) uses a monochromatic and coherent beam in the red or near infrared wavelength.
We asked whether the literature supports the effectiveness of LLLT for androgenic and female patter hair loss?
The logic behind the use of LLLT comes from observation of paradoxical hypertrichosis while attempting laser
hair removal, especially in skin of color. The mechanism of this is unknown. Weconducted a systematic review
of the literature on the topic of LLLT and phototherapy for hairgrowth. The overwhelming results show that
light in the red spectrum is effective in hair growth, but larger case-controlled studies are required to back up

this conclusion.
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INTRODUCTION

Male pattern androgenetic alopecia (AAl) and female
pattern hair loss (FPHL) are chronic conditions which
causes social and psychological distress. In AAl hair
recedes bilaterally from the anterior to posterior
scalp and the vertex, while in FHPL hair thins diffusely
on the entire crown and then sides without anterior
receding.! Thirty percent of 30 year old white males
have some degree of androgenetic hair loss, and
same by age 50, 50% had AAL?Birch et alfound that
38% of women who are 70 years of age and older
develop some degree of female pattern hair loss;
while only 6% of those under the age of 50 develop
female pattern hair loss.® Both AAl and FPHL show
non-scarring follicular miniaturization clinically
and histologically.! In male pattern hair loss, dihydro
testosterone (DHT) is associated with miniaturization
of regrowing hairs. The etiology of FPHL is in part
associated with decreasing free estrogen levels and

possibly end organ receptor affinity. Three different
genes have been associated with FPHL, Ectodysplasin
A2 Receptor (EDA2R), Androgen Receptor (AR),
Aromatase CYP19A1.*

Pharmacologic options are limited for AAl and FPHL.
There are currently two FDA approved drugs for
AAl (topical minoxidil and 5 alpha reductase type
2 inhibitors) and one FDA approved treatment for
FPHL (topical minoxidil). However, there are other
treatments used for both conditions. One non-
pharmacologic therapy is light based therapies.
Here, we will review the literature on LLLT and hair
growth.

METHODS
Literature Search

A systematic review of the literature was performed
to gather information on reports and studies on LLLT
and effect on hair growth up until November 2018.
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Inclusion criteria was meta-analyses, systematic
reviews, and case-controlled studies. Smaller studies
were included, but given lower power. The database of
Ovid Medline and Google Scholar were searched using
the Boolean string: (hair AND low-level laser therapy).
In addition, the references cited in the articles were
reviewed for any additional reporting.

Introduction

The F.D.A. classifies low-level lasers as class 34, and
do not have the fluence to damage cells. Huang YY et al
described the low-level laser therapy as 600-1000nm
wavelength spectrum red or near-infrared light with
fluence (energy density, commonly referred as “the
dose of laser”) between 1-20 J/cm? and irradiance
(power density) 5-50 mW/cm?5 Another description
for LLLT by Jimenez et alis 500-1100 nm in wavelength
and 1-4 J/cm? in fluence with a power density of 3-90
mW/cm?®

Clinical use of low-level laser therapy was first
introduced by Hungarian physician EndreMester in
1967.”Mester noticed that HeNe laser induced tissue
repair and hair growth in mice. Later therapeutic
usages of LLLT (also named as photo biomodulation)
were extended to ‘wound healing, analgesic action
on joint pains due to arthritis and anti-inflammatory
action.’

Laser fluence was optimized with description of
selective photo thermolysis by Anderson et alin 1983.2
Selective laser hair removal was shown by Grossman
et alin 1996.° Some of the patients undergoing laser
hair removal developed hypertrichosis characterized
by coarse and dense hair in the treatment area
and adjacent areas. First report of paradoxical
hypertrichosis was by Moreno-Arias et al in 2002.1°

Paradoxical hypertricosis is seen in a number of laser
and light based systems, meant for laser hair removal,
including the ruby laser, diode laser, alexandrite laser,
Nd:YAG (neodymium : yttrium - aluminum-garnet)
laser, IPL (Intense Pulse Light) devices.!! Among these
different systems, paradoxical hypertrichosis is most
commonly seen with IPL' which has wavelengths
between 515-1200 nm. A clinical trial done by Bedewi
et al on 210 patients showed 1% hypertrichosis
rate after 3-5 sessions of IPL treatment at 6 week
intervals.’? Moreno-Arias et al showed that 10.2% of
study patients experienced hypertrichosis after IPL
treatment for facial hypertrichosis and found out

that all patients with this side effect had polycystic
ovarian syndrome.'’ It is reported that paradoxical
hypertrichosis is more common in patients with dark
skin tone and dark-thick hair.!® Alajlan et al reported
a 0.6% rate with the long pulsed alexandrite laser
(755 nm); all patients with this side effect had skin
phototype 4 and black hair.*

Several hypotheses are under scrutiny about the
paradoxical hypertrichosis effect of laser treatment.
In laser hair removal, the target structure is melanin in
the hair shaft and germinative layers of the follicle.'!

Accordingtostudy done by Levy Vetal, epidermal stem
cells arise from hair follicle undergo reprogramming
and contribute to the wound healing after wounding.'®
If we think of laser as a means of wounding, this might
be contributing the hair growth in the treatment area.
Kim et al reported hair growth in C3H/HeN mice, after
using fractional 1550 nm wavelength fractional erbium
glass laser to create microcoagulative wounds in the
dermis, this triggered an induction in the Wnt/beta-
catenin growth pathway of hair follicle which occurs
24 hours after microcoagulative injury in the dermis
(with using semi quantitative RT-PCR study, they
showed that Wnt10 mRNA increased after fractional
laser irradiation).!® They emphasized that frequent (2
times/week) laser treatments with increased energy
levels may cause fibrotic changes around hair follicle;
on the contrary to low level application of laser
irradiation (with 2 weeks of intervals) which induced
hair growth via Wnt/beta-catenin pathway and
other speculated growth factors like VEGF, IGF, FGF
and shifted hair follicle into anagen phase.’® Growth
factors like VEGF also increase vascularization and
blood supply to hair follicle.

Huang YY et al resembled effects low level laser
therapy to photosynthesis in plants because of the
enhanced mitochondrial respiratory chain activity
after LLLT.® Primary photo acceptor of the red and
near infrared light in the cellular level is thought to
be Cytochrome c oxidase of the respiratory electron
transport chaincomplex 4.5 In this way it is found
that LLLT increases proton electrochemical potential,
NADH synthesis, ATP synthesis, mitochondrial
RNA and mitochondrial protein synthesis.!”®
Absorption of LLLT’s photons by mitochondrial and
membranal cytochromes, endogenous porphyrinsand
flavoproteins trigger ROS generation and this in turn
induces NF-kB which is a well-known transcription
factor of genes that regulate cell proliferation.'’
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Transcranial LLLT (wavelength 810 nm) studies done
on mice cortical neurons with traumatic brain injuries
demonstrated an increase in mitochondrial membrane
potential, ATP production and induction of NF-kB
pathway atlow fluences (36 ]/cm?) and low irradiances
(50mW/cm?) of laser; on the contrary high fluences
(360 J/cm?) and high radiances (500 mW/cm?) of
laser reduced mitochondrial membrane potential,
decreased ATP production and induced apoptosis by
the cytochrome c release from mitochondria.® This
effect is named as biphasic dose response to LLLT.

Another intracellular effect of LLLT is dissociation
of NO from cytochrome oxidase. This dissociation
enables cytochrome oxidase more active and thus
ATP synthesis increases.?’ It has been suggested that
vasodilatory effect of LLLT is also related to NO release
from nitrosyl heme proteins such as hemoglobin and
myoglobin.?! Considering the short half-life of NO, this
effect might be negligible in vasodilatation of follicular
vascular bed.

The heat produced in the hair follicle by the LLLT may
also induce Heat Shock Protein-27, a cell growth and
differentiation regulator, thereby increasing follicular
stem cell differentiation and growth without causing
photo thermolysis in the hair follicle.??

In 2005 Weiss et al, using RT-PCR,reported increase
in potent hair follicle inducing proteins such as matrix
metalloproteinase-2 (MMP-2), hepatocyte growth
factor (HGF) and vascular endothelial growth factor
(VEGF) gene expression of human dermal papilla cells
after LED photo modulation.??

RESULTS

LLLT causes conversion of vellus and intermediate
hair follicles to active follicles. Nevertheless, it also
transforms dormant telogen follicles to anagen
follicles.® A systematic review of the literature in
Google Scholar and PubMed concluded that LLLT is
effective in stimulating hair growth in both men and
women.?*

Jimenez et al implemented HairMax Lasercomb and a
sham device 8 to 15 minutes for 3 times a week, total
26 weeks on 146 male and 188 female subjects in a
double blind randomized study.® This study resulted
in improvement of hair loss and thickness.® Orasan et
al used the HairMax in a controlled study, and showed
when used with topical minoxidil, the hair density
was greater with LLLT plus minoxidil than minoxidil

alone in an animal model.?* Kim et alstudied 1550nm
5 m] fractional erbium laser on 20 Korean patients
with MPHL in 5 sessions at 2 week intervals and also
reported increase in hair density, growth rate, anagen/
telogen ratio; but they did not find an increase in hair
thickness.!® An earlier study in 2003 by Satino et al
on 28 male and 7 female patients with androgenetic
alopecia reported increased hair count and tensile
strength in both sexes with using HairMax Lasercomb
for 5 to 10 minutes every dayover a 6 month period.?®
In 2013 Lanzafameet al reported an increase in hair
counts of 41 male patients (22 active and 19 placebo)
with androgenetic alopecia using TOPHAT655 for
25 minutes at home every other day for 16 weeks.
TOPHAT®655 used by patients at home contained 21-
piece 5 mW 655 nm lasers and 30 piece LED 655 nm
lasers.?”

In 2007, US Food and Drug administration (FDA)
approved Hairmax Lasercomb for male pattern hair
loss treatment and in 2011 approved it for female
pattern hair loss treatment.?® Zareiet al reviewed the
FDA cleared LLLT devices, and concluded that thee
devices did not have adverse effects and were effective
for both AAI and FPHL.* van Zuurenet al did an
extensive literature review, and concluded that LLLT
devices show some efficacy in FPHL by increasing hair
count, however, the studies thus far have moderate to
low quality evidence.** However, Gupta et al compared
none trials on LLLT for hair loss and concluded that
the weakness of the evidence hindered a conclusive
result3! Afifi et al, conducted a systematic review
of the data from 1960 to 2015, with risk of bias
assessment; they concluded that LLLT is a cautiously
promising monotherapy for AAL3*Other systematic
reviews corroborated the conclusion.333*

CONCLUSION

There are many studies that support the efficacy of
LLLT for AAI and FPHL. However, the power of the
studies is low, as pointed out by Gupta and Daigle.*®
Dodd et al reminds us that to date there have not
been any head-to-head comparison of the different
LLLT devices for AAI or FPHL.3® There have been
a few systematic reviews of the current literature
which indicate LLLT efficacy for AAl and FPHL. Larger
number studies are needed for stronger evidence and
greater power.
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