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1470 nm diode lasers enable
home skin rejuvenation

OSIER WU and KEVIN YANG

Ag a monolithic semiconductor device that
converts electrical energy directly into
light, the diode laser, when compared with
other laser sources for skin refusenation,
has many advantages, including conversion
efficiency, compact size, and cost.

Laser-based technologies effectively
treat cutancous damage from the sun,
as well as scars, wrinkles, and freckles.
Since development of the first carbon
dicecide (C0y) laser for skin resurfacing
in the 19805, lasers have been widely
used for skin rejuvenation, as the tech-
nologies have evolved from ablative, to
non-ablative, to the currently popular
fractional method.

The ablative CO, lasers first com-
merciahzed for skin repuvenation appli-
cations provide the most significant
treatment result by vaporizing water
in skin tissue. However,

produce results that
are inconsistent and
often unpredictable.
Fractional photo-
thermaolysis (FP), in-
troduced in 2004 by
Manstein et al.,! re-
duces treatment risk
and side effects, and eliminates recowv-
ery downtime, driving their increased
popularity today.

Fractional photothermolysis

FP devices are classified into teo catego-
ries: ablative and non-ablative. Becanse
water 15 the main target chromophore
for such treatment, the lasers commonly
used have wavelengths highly absorbed
by water and less absorbed by melanin
and hemoglobin. Longer wavelengths in
the range of 2.79 to 10.6 pm, typically
€0y (10,6 pm) and Er:sYAG (2.94 pm),

are ablative lasers that vaporize the tis-
sue due to strong absorption of water
(see Fig. 1) such that the optical pen-
etration depth is minimal (see Fig. 21

Dwring such treatment, the stratum
corneum will be damaged and a small
hole of a certain depth on skin will
be produced. To increase the penetra-
tion depth into the dermis, higher en-
ergy density 15 required. When the en-
ergy density exceeds the vaporization
threshold, the resulting depth will re-
late to the energy, independent of the
applied wavelength.

Shorter wavelengths ranging from
1320 to0 1927 nm usually do not remove
skin, but coagulate the skin tissue as a
result of thermal effects.

Er:glass (1540 nm}), MNd:YAG
(132001440 nm), and diode (1470f1 550
nm) lasers are the most common
non-ablative fractional laser sources.

Water absorption at 1470
and 1550 nmis lower than
Er:YAG or CO, lasers, but
15 relatively higher than
E10-1060 nm (see Fig. 1).
Such lasers can penetrate
deep into the dermis (1470
nm around 400 pm, and

see Fig. 2). During non-ab-
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FIGURE 2. L 3sars can penatrate deep into the dermis (1470 nm around 400 pm, and 1550 rem up fo 1800 pm.
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penetrate deep into the subcutancous
fat layer or deep dermus, but is highly
absorbed by melanin and hemoglobin.
As a result, this is not a good choice for
skin repuvenation. Light at 755-1060 nm
can be used for hair removal.

1470 nm diode lasers

As a monolithic semiconductor device
that converts electrical energy direct-
ly mnto light, the diode laser, when
compared with other laser sources for
skin rejuvenation, has many advan-
tages, including conversion cfficien-
cy, compact size, and cost. Thanks
to these benefits, diode laser-based
skin rejuvenation devices can be de-
signed for at-home use. Here, we will
discuss the basic principles of using
a 1470 nm diode laser for home-use
skin rejuvenation.

Laser skin rejuvenation is based on
the theory of selective photothermol-
vsis,2which states that tissue chromo-
phores will selectively absorb different
wavelengths. Common chromophores
in human tissues are water, hemoglo-
bin, and melanin, among which the
water is the primary chromophore
{70% of the tissue) for the skin reju-
venation treatment.

Compared with other wavelengths,
a 1470 nm laser provides a suitable

absorption coefficient for water and
can penetrate approximately 400 pm
deep into the dermis. Lasers with wave-
lengths longer than 1400 nm can be
strongly absorbed in the eye’s cornea
and lens, which means the energy of-
ten doesn’t reach the retina. Under the
maximum permissible exposure (MPE),
the 1400 nm light source is considered
safe. The MPE at 1470 nm is a mil-
lion times below that of the 1400 nm
wavelength (see Fig. 3).

Treatment employing a fractional
method produces small three-dimen-
sional thermal injuries or columns,
also known as microscopic treatment
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zones or microther-
mal zones (MTZs).
The size of MTZs
usually does not
exceed 400 pm
so that fibrosis
or inflammation
will not be in-
duced. With larg-
er MTZs, fibrosis
is caused instead
of wound healing.
Both the size and
penetration depth
of MTZs depend
on the laser wave-
length and input
cnergy. For the
same laser, the
higher the power
introduced, the bigger the MTZs and
the deeper they penetrate.

At-home treatment
During the FP treatment, the only ther-
mal damage area is the MTZs; sur-
rounding tissues remain intact, act-
ing as a reservoir for cell regeneration.
MTZ density should be well controlled,
as a sufficient amount of undamaged
tissue 1s required to ensure a quick re-
pair process. However, the cumulative
density should be enough to provide
a sansfactory clinical result. Usually,
MTZs should account for not great-
cr than 40% of the treatment area so
that the epidermis
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FIGURE 3. MPE as enargy density vs. wavelength for various

Y can be regencrated
in 24-48 hours.
Within 24 hours
after the treatment,
necrotic cells in the
cpidermis are re-
placed by active
cells surrounding
MTZs. The degen-
erated necrotic cells
are known as mi-
croscopic cpider-
mal necrotic debris
{MENDs, includ-
INg necrotic epi-
dermal tissue and




dermal tissue, melanin, and elastin),
which wall migrate through the stratum
corneum and be excreted through the
epidermis. During the treatment, new
collagen and elastin tissue will be also
be stimulated.

Solid-state lasers like Er:glass and
Nd:YAG are challenging to be in-
stalled in at-home devices due to their
size, heat dissipation, and cost. It is
the commercialization of diode lasers
that makes home-use laser skin treat-
ment possible. A 1470 nm fractional
laser (a laser that delivers a beam with
multiple MTZs into the skin) has been
proven to be useful for both profession-
al systems and home-use devices. Some
commercialized at-home devices, in-
cluding ReAura (Philips; Amsterdam,
Netherlands) and the Tria Age Defying
Laser (Tria Beauty; Dublin, CA), are
FDA-approved.

Unlike professional systems, at-home
devices have smaller treatment areas

with fewer MTZs. Professional sys-
tems usually have higher MTZ densi-
ty and shorter pulse width due to the
high power (dozens of watts) of the
laser source. The MTZ/cm? can be
50, 100, 500, or even 1000 cm®. With
professional treatments, a few sessions
are enough to see the result. For an at-
home device, MTZ/cm? usually does
not exceed 40 due to lower power (a
few watts), so many more treatments
are needed (3-4X per week and con-
tinue for a few weeks).

For at-home use devices, due to limit-
ed heat dissipation capacity and small-
er dimensions, diode laser power is
restricted to the range of 1 to 15 W,
whether single emitter, multiple emit-
ters, or bar. Specific optical designs can
generate a single spot of 100 to 200 pm,
a spot line, or a spots array. Spot energy
is usually within 15 m}/spot and pulse
widths are 10 to 60 ms. Since at-home
devices have to be air-cooled, heat dis-
sipation has to be designed well.

Like professional devices, both
stamping and rolling treatment modes
can be adapted for the at-home ver-
sion. In stamping mode, the MTZ

FIGURE 4. A home-use, non-ablatve 1470
nm fractional laser demno system (200g,
210 = 55 x 60 mm’) at Focusight and the
spots it generates.

pattern is preset by the device. During
treatment, the device will stamp re-
gion by region until the entire treat-
ment arca 1s covered (no movements
during light-emitting time/pulse
width). Stamping mode can cover all
areas with high precision, but results
in a longer treatment time.

In rolling mode, the operator must
move the device continuously to cov-
er the treatment area. As the device 1s
moving during the light-emitting time,
the actual spot will be elongated com-
pared to the designed spot size, depend-
ing on the movement speed and pulse
width. Both methods are recommend-
ed based on the user’s preference and
the parameters of the device.

FIGURE 5. Less erythema can be ssen
after the treatment by the Focuslight demo
systern under 10 ms, at 10 ml/spot.

Home-use demo system results
A home-use demo system was built in
the Focushight lab with a 1470 nm, 1.5
W diode laser (see Fig. 4). Spot size is
100 x 100 pm and energy 1s from 6 to
12 mJ/spot. The demo system is buile
with an adapter, but a commercial de-
vice usually has a battery.

The results showed less erythema
on the skin night after treatment (see
Fig. 5). Unlike professional treatments,
current at-home devices are only indi-
cated by the FDA to treat periorbit-
al wrinkles (see Fig. 6), but this de-
vice also was cffective for fading acne
marks on the face (see Fig. 7). To treat
decper wrinkles, scars, and even streech
marks, professional systems at clinics
or hospitals can be deployed.

The home-use beauty device mar-
ket has grown significantly during re-
cent years and is driving increased use
of 1470 nm lasers for skin rejuvena-
tion. The home-use market will con-
tinue to boom, as consumer demand
1s high for ecasy to use, at-home de-
vices. With the increasing size of the



FIGURE 6. Treatment of periorbital wrinkles by the Focuslight demo system at 10 ms,
at 10 md/spot. Treatment is done 3X per week; after 5 weeks, reduction in wrinkles

can be ssen.

FIGURE 7. Treatment of an acne scar by the Focuslight demo system at 10 ms, at 10 mJ/
spot. Treatment is done 3-4X timas per wesk; after 5 weeks, the acne marks are reduced
end skin texture i improved.

gertatric population, demand for an-
ti-aging products such as wrinkle re-
moval for skin laxity improvement
applications will continue to grow,
further fueling the market. <
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