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ARTICLE INFO ABSTRACT

Keywords: Three pulsed laser systems: 980 nm semiconductor diode laser, 1064 nm Nd: YAG laser and long pulse- fractional
Age spots 2940 nm pulsed Er: YAG were used to treat some non-ablative skin rejuvenation applications. These three
Enlarged veins wavelengths can target the three main indigenous chromophores (melanin, hemoglobin and water) of the skin to
r;rsle':_kles treat different skin disorders. The efficacy of these lasers was assessed in the treatment of age spots, enlarged

veins and wrinkles. The chromophore type and location of a specific disorder was taken into consideration when
working out, in advance, the required laser fluence. The absorption of laser photons and the reabsorbed photon
scattering were calculated and used to work out the temperature rise in the targeted tissue. The results indicated
very good outcome of age spots with 980 nm laser, excellent clearance of the varicose veins with the use of 1064
nm laser and very good smoothing of fine lines wrinkles on forehead. Advances may involve conducting
wavelengths or developing customizable protocols for different skin types. Long-term studies on patient out-

Photons absorption and scattering

comes to help establish standardized protocols and improve efficacy in clinical uses.

1. Introduction

Skin aging is characterized by enlarged veins, fine and coarse wrin-
kles, age spots and skin laxity (Piccolo et al. 2023). As someone gets
older, his skin becomes prone to wrinkling and age-related problems.
Skin ages because of natural deterioration and environmental factors.
Collagen and elastin reduction, cell turnover slows, and diminishes of
hyaluronic acid, leading to wrinkles and loss of inflexibility. Sun expo-
sure damages skin, causing age spots and leathery texture(Mirza, Mirza,
and Khatri 2021). Lifestyle influences like smoking and stress accelerate
aging. (Duplechain 2023). This makes many people more concerned
about the way they look and start to make efforts to reduce the age —
related signs. Aesthetic laser applications rely on the way that laser light
interacts with skin tissues. Anderson and Parish in 1983 presented the
selective photo thermolysis theory. It is defined as the damage restricted
to a selected tissue shell by specific laser wavelength, pulse width, and
the rate of repetition(Lanigan 2021). The essential rule behind the use of
light curative depends on the rule of selective photo thermolysis which is
explained by three points: deep penetration of optical energy to attain
the treated tissue, absorption of optical energy by the biological tissue
and strong optical energy is enough to initiate the thermal injury of the

treated biological tissue(Fodor and Sobec 2020). In selective photo
thermolysis, a pulse of eradiation with suitable wavelength and duration
is delivered to a targeted location. It should be effective for a broad
range of treatments. the term thermal interaction includes a number of
interaction types depending on the absorption of the photons by tissue
contact like vaporization, coagulation, carbonization, and melting
(Brown 2020). Knowing the science of light-tissue interaction help
selecting the optimal laser parameters to follow a safe and effective
pathway needed for the therapy (Kim et al. 2023; Mustafa, Hamoudi,
and Khashan 2023). The absorption is a function of wavelength and
recognized as the photon absorption eventuality in tissue per unit
pathway length. Varying tissue types have varying standards of this
coefficient. Blood contains two types of hemoglobin: oxyhemoglobin
(HbO3) and de-oxyhemoglobin(Hb).These two types of hemoglobin
have different absorption electromagnetic spectra. The Hb peak ab-
sorption is best at 420 nm and the second absorption peak is at 580 nm
(Patel et al. 2024). Its spectrum increasingly decreases with light
wavelength increasesHBO, shows its greatest peak of absorption at 410
nm, and two junior peaks at 550 nm and 600 nm. At wavelengths longer
than 600 nm, HbO5 absorption declines much faster than Hb absorption.
Water is approximately optical clear in the domain of visible light but

Abbreviations: Nd: YAG, Neodymium-doped yttrium aluminum garnet; Er: YAG, Erbium-doped yttrium aluminum garnet; UV, Ultraviolet; HgB, Hemoglobin.
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starts to be absorbing at the NIR section Water is an important compo-
nent due to its high concentration in biological tissue. The absorption
electromagnetic spectrum of water is in the range of 250—1000 nm
(Patel et al. 2024). The absorption peak of human skin melanin pigment
happens around 335 nm. The absorption is almost completely attenu-
ated for wavelengths longer than 700 nm. Fat and protein are the main
contributors to the NIR spectral region. Facelift surgery, soft tissue filler,
chemical peeling and laser ablative and non-ablative treatments are
nowadays routine work to treat various skin disorders (Mustafa,
Hamoudi, and Khashan 2023; Alhallak et al. 2023; Khalid et al. 2024).
Traditional surgical besides chemical approaches to skin rejuvenation,
such as facelifts and chemical peels often involve long recovery periods,
significant discomfort, and a discriminating risk of side effects like
scarring and uneven pigmentation(Horovitz, Clementoni, and Artzi
2021). On the other hand, laser-based therapies offer a more precise and
less invasive approach, resulting in shorter downtime, reduced pain, and
a lower incidence of side effects. This translates to more natural-looking
effects and improved patient satisfaction (Mirza et al., 2021). Ablative
lasers can be more effective than their non-ablative counterparts, but
they need longer recovery time. In ablative resurfacing, the hole
epidermal layer is removed and replaced by a new perfect epidermal
layer in one session, but full recovery takes around six months without
exposing the skin to sun light. In non-ablative procedure, on the other
hand, improving texture and laxity of the skin is only achieved by
collagen regeneration using at least 3 sessions. They are also associated
with post inflammatory hyperpigmentation due to the excessive thermal
energy transferred to adjacent tissue (Chernigovskiy et al. 2019).
Infrared 980 nm semiconductor diode laser, 1064 nm Nd: YAG (neo-
dymium-doped yttrium aluminum garnet; Nd: Y3Als0; 5 laser, and 2940
nm Er: YAG lasers (erbium-doped yttrium aluminum garnet laser,
erbium YAG laser) have been used in non-ablative rejuvenation of skin
with variable outcomes. Infrared lasers are used in non-ablative skin
rejuvenation. These lasers penetrate the skin to target specific issues like
vascular lesions, pigmentation, and wrinkles. They stimulate collagen
production, improve skin texture, and reduce signs of aging while
effective, their results can vary depending on factors like individual skin
type, laser parameters, and treatment protocol(Pour Mohammad et al.
2023). While infrared lasers have shown promise in non-ablative skin
rejuvenation, a significant challenge lies in the lack of standardized
treatment parameters. Optimal settings, including wavelength, pulse
duration, fluence, and spot size, can vary widely depending on the
specific laser system, target tissue, and desired outcome. This lack of
consensus can lead to inconsistent results and potential adverse effects
(Beigvand et al. 2020). Furthermore, the underlying mechanisms of
action for many infrared laser treatments remain incompletely under-
stood. While it is generally accepted that these lasers induce thermal
injury to the dermis, stimulating collagen synthesis and remodeling, the
precise cellular and molecular processes involved are still being inves-
tigated. A deeper understanding of these mechanisms could help opti-
mize treatment parameters and improve patient outcomes(Topaloglu,
Ozdemir, and Cevik 2021). Recently Hayley and her colleagues tested
this method on small numbers of participants having different skin in-
dications who were undergone different post procedural evaluation
protocols and assessments (Leight-Dunn, Chima, and Hoss 2020). Their
study expressed the need for standard clinical procedures and the use of
excellent post-treatment skin care. This study aims at assessing the
effectiveness and efficacy of non-ablative laser treatments using 980 nm
semiconductor diode laser, 1064 nm Nd laser, and 2940 nm Er laser in
skin rejuvenation.

2. Laser-tissue interaction

Different interaction pathways take place when laser light interacts
with human tissues. Parameters of a specific tissue (coefficients of
reflection, absorption, scattering, and transmission at a certain wave-
lengths, heat conduction and heat capacity), as well as the laser pa-
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Table 1
Epidermal and dermal absorption coefficient (Mustafa, Hamoudi, and Khashan
2023).

Wavelength  Skin tone Epidermis Dermis absorption

(nm) (color) absorption coefficient (cm ™)
Coefficients
(em™)

1064 Light 3.19 3.05

1064 Moderate 5.6 3.05

1064 Dark 7.915 3.05

980 Light 3.44 2.9

980 Moderate 8.225 2.9

980 Dark 11.415 2.9

2940 Light - 2400

2940 moderate — 2400

2940 Dark - 2400

rameters (intensity, pulse length, fluence, wavelength and laser spot
diameter) are very much related to each other when considering a
treatment protocol (Alhallak et al. 2023). The laser pulse duration is a
very important parameter that needs to be selected carefully to decide
the type of interaction. Four main categories of interaction mechanisms
are classified in this field(Hussain et al. 2024). These are thermal,
photochemical, photo-ablation and photo-disruption(Tanghetti 2016).
The laser energy deposition is not an exclusive job of laser features like
the wavelength, pulse duration, irradiance, repetition rate, and spot size,
but also depends effectively on some optical tissue parameters such as
the coefficients of absorption and scattering. Moreover, the tissue
properties are important to describe transfer and storage of heat; like
specific heat capacity and thermal diffusivity (Fisher 2020). The
epidermal layer of the skin primarily absorbs the visible light by its
content of melanin), while the dermal skin layer houses blood vessels,
water and collagen in addition to other components (Niemz 2007). The
directly absorbed light and re-absorbed internal scattering are trans-
formed into heat which raises the temperature in the targeted tissue to a
value related to the laser intensity (Peavy 2002). At the end of this cycle,
the heat is diffused away, and the tissue retains its normal temperature
after elapsing a time connected to the tissue’s thermal relaxation time.
Heat generation is determined by laser parameters such as intensity,
pulse duration, and optical tissue properties. While heat transport is
governing by the thermal properties of the tissue as well as exposure
time (Azhdari et al. 2024). The epidermis coefficient of absorption pe
merges both the absorption of melanin and the baseline skin. It is given
as:

U =mel% x p; + (1 — mel%)u, )

Where: p: epidermis coefficient of absorption (cm™!), mel %: per-
centage of melanosomes per unit volume, p;: coefficient of melanin
absorption (cm’l), uo: absorption of the skin baseline (em™ 1) (Niemz
2007; Peavy 2002). To work out the exact value of epidermal absorption
coefficient, the melanin pigmentation per unit volume is required for
different skin colors (Niemz 2007).

The skin’s dermis total absorption coefficient, or pa (der), is pri-
marily influenced by hemoglobin and water absorption, with negligible
effect of baseline skin absorption. The parameters of laser wavelength
(nm), the percentage of water (%) and hemoglobin (%) are used to find
pa ger)- The absorptions of skin baseline in dermis and epidermis are
similar; and can be referred to as po. pa is the probability per path length
where a photon is absorbed. It depends on the chromophore type and the
laser wavelength (Steiner 2010). For large heterogeneous tissue vol-
umes, pa is given in accordance with the percentage of a certain chro-
mophore. For example; the fraction of a uniformly distributed blood in
dermis (f. blood) is 0.2 (Jacques 1989). Therefore the net absorption of
the dermis, pa ger is given as (Svaasand et al. 1995):

Uager = blood%ua(blood) + water%jpa(water) (2)

For water chromophore, all blood parameters go to zero. Table 1
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Table 2
Scattering coefficients and Total attenuation factor of different chromophores
(Niemz and Niemz 2019).
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Table 3
The thermal relaxation time of different skin components (Murphy and Tor-
stensson, 2014).

Tissue A (nm) u (cm’l) He (cm’l) Structure Size (um) Thermal relaxation time
Epidermis (white) 1064 130 133 Melanosomes cells 0.5-1 1 (ps)

Epidermis (dark) 1064 122 130 10 300 (us)

dermis 1064 35 38 Blood vessels 50 1 (ms)

White epidermis 980 67 72 100 5 (ms)

Dark epidermis 980 60 70 200 20 (ms)

dermis 980 30 33 Epidermis - 4 ms-10 ms

epidermis 2940 - — dermis — 4 ms

dermis 2940 - 2400

represents the utilization of equation (1) and equation (2) and the
substitution of approved published data elsewhere.

A pencil-like laser beam, upon traversing a medium, undertakes
scattering, dispersing its energy in multiple directions further than the
incident path. While this scattering phenomenon is a well-established
physical principle, its influence on the propagation of laser light
within the epidermal layer of the skin is relatively limited, mostly for
wavelengths within the visible and near-infrared spectrum. The rela-
tively thin nature of the epidermis and the specific properties of light in
this spectral range have a tendency to mitigate the effects of scattering,
allowing the laser beam to penetrate and interact with the target tissues
with minimal deviation from its intended course. (Cox 2007). The
reduced dermal layer scattering coefficient combines Mie scattering by
collagen and Rayleigh scattering by collagen and some cellular com-
ponents(Khalil et al. 2024; Mehmood et al. 2024). The combined effect
of these two types of scattering gives a scattering (us) having an intensity
attenuation similar to absorption:

I, =Lexp(— usx) 3

Where ps; is the coefficient of scattering. In most tissues, absorption
and scattering of light occur together. These tissues are known as opaque
tissues. This means that light entering these tissues does not travel in a
straight line but is deflected in different directions due to the presence of
many small molecules within the tissue. Some of these molecules absorb
the light and convert it into heat energy, while others scatter the light
and change its direction. This phenomenon greatly affects the depth of
light penetration into the tissue and its spatial distribution, which in turn
affects the effectiveness of laser treatments and various diagnostic
techniques. (Saqib et al. 2016). Scattering coefficients of dermis and
epidermis for different skin tones and the total attenuation factor (u) of
different chromophores. are listed in Table 2..

At this point it is possible to calculate the exact fluence reduction
through its way to the targeted tissue inside the skin. Still, the resulting
fluence is not the actual value for calculating the rise in temperature
(Hamoudi et al. 2021). Backscattered laser light can provide a larger
fluence underneath the skin tissue than at its surface (Nouri 2018;
Mahmood et al. 2013). The required treating fluence exceeds what’s
been thought enough to on the skin surface because of the losses before
reaching the targeted tissue, as explained hereunder.

F=RF,+1, ()]

Where F is the subsurface laser fluence, F, is the surface laser fluence,
R is the remittance of the medium. R = 0.5 for the near infrared lasers
and R and R = 0 for water chromophore when using 2940 nm laser. Once
the local subsurface fluence is determined, targeted tissue temperature
can be predicted by thermal relaxation time, laser fluence, pulse dura-
tion, and the specific absorption of the targeted tissue (Mustafa et al.,
2021a). The temperature increase of the targeted tissue will then be
worked out by substituting the coefficients of scattering and absorption,
laser fluence at the skin surface, target size and the laser pulse duration
as explained in equation 6.

AT = [Fu/cr][t/t + 1]'/¢ 5)

Where c is the specific heat, r is the density, g is a constant having a
value of 1 for planes, 2 for cylinders, and 3for spheres, t is the thermal
relaxation time of the target tissue and 7 is the laser pulse length; see
Table 3.. After performing simple calculations, one can estimate the
temperature rise of the targeted skin tissue.

In the present work, three cosmetic laser applications have been
considered, in which the three main indigenous chromophores
(melanin, hemoglobin and water) were accordingly targeted by three
different laser wavelengths: 980 nm, 1064 nm and 2940 nm. For water
chromophore, the Er: YAG laser wavelength has a high absorption co-
efficient 12000 cm!. This permits limited penetration depth and, in
general, causes small surrounding tissue injury in hard and soft tissues
(Mustafa et al., 2021b).

3. Method and strategy

Three skin disorders were treated by three different laser wave-
lengths. Laser wavelengths: 980 nm, 1064 nm, and 2940 nm were used
to target specified skin’s chromophores (melanin, hemoglobin, and
water) in accordance with the principle of selective photo thermolysis.
The treatment protocols (according to the calculations); designed to pre-
calculate laser parameters, were based on working out the exact tem-
perature rise required for each application.

3.1. 980 nm for pigmented lesions

Pigmented keratinocytes range from dark yellow, brown, to black
and can be divided into Seborrheic keratosis, Melanesia (small melanin
pigmented lesions) that can be epidermal, dermal or mixed and range in
color from black (superficial) to brown spots on the skin. Despite they
often do not appear at birth, they are commonly referred to as “birth-
marks.” It is a common skin condition, various factors contribute to its
development, including hormonal changes, sun exposure, genetics, and
certain medications, laser therapy has emerged as a promising treatment
option. Laser therapy offers a targeted approach to addressing Mela-
nesia. By selectively targeting the melanin pigment responsible for the
discoloration, lasers can effectively reduce the appearance of these
patches. In the present study hand Melanesia was treated for 70 years
old male with a skin tone (II); evaluated by skin color meter before
treatment. The calculations revealed an ideal treatment laser fluence
and pulse durations of 12 J/cm? and 20 ms respectively. A 980 nm diode
laser with 2 mm spot size was utilized to achieve the required laser
parameters in one session. The reflected fluence (related to percentage
of melanin) for light skin color is about 7 % (Niemz 2007). Equation (4)

Table 4
Treatment parameter for 980 nm.
Target skin ~ Wavelength  Fluence  Pulse Temperature
type  (nm) s duration Rise (%)
cmz) (sec)
Melanin I 980 12 0.02 41
pigmented
lesions on
hand
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Table 5
Treatment parameter for 1064 nm.
Target Skin Wavelength Fluence Pulse Rep. Temperature
type (nm) (J/cm?) Duration (ms) Rate (Hz) Rise (C°)
Fine lines I 1064 20 0.4 5 43
(forehead)
Enlarged vein \ 1064 120 20 1 65
Table 6
Treatment parameter for2940 nm.
Target Skin Wavelength Fluence Pulse Rep Temperature
tone (nm) (J/em?) duration rate Rise (C%)
(ms) (Hz)
course lines (forehead) I 2940 5 0.1 3 88

was utilized to work out the laser beam losses by epidermal attenuation
factors, after accounting the kind of melanin pigmentation and the total
scattering and absorption attenuation. This permitted accurate laser
fluence to reach the target and therefore obtaining the correct temper-
ature increase as shown in Table 4..

3.2. 1064 Skin resurfacing of fine lines

The effectiveness and safety of using correct parameters for skin
rejuvenation are evaluated in this study using 1064 nm Nd: YAG laser to
reduce wrinkles and loose skin. (Elite + TM Cynosure, Westford, Mas-
sachusetts, 01886, United States) pulsed 1064 nm neodymium laser was
employed for this purpose which can can penetrate to deep dermis (~
11 mm). The first case study was 32 years’ female with skin tone (III)
and fine line in the forehead. She was treated with 20 J/cm? and 0.4 ms
laser pulse duration in 4 sessions with 2-week intervals; as shown in
Table 5. The parameters were chosen according to the calculation based
on the mathematical formulae described above, which gave a temper-
ature rise of 43 °C. The second case was to treat varicose vein of IV-skin
tone, 50-year-old female. The laser treatment protocol was worked out
to give a temperature of 65C which is perfect for shrinking the veins.

3.3. 2940 nm Er: YAG laser for course wrinkles
Wrinkles are primarily caused by the loss of skin elasticity due to the

breakdown of collagen and elastin fibers within the dermal layer. This
process is mainly influenced by aging, where the skin’s ability to

regenerate collagen diminishes over time. Besides; (UV) radiation
exposure, oxidative stress, smoking, and environmental pollutants are
additional causes. Er: YAG deeper skin alterations could be brought
about by laser energy without unintentionally ablating the epithelium.
The application of laser energy triggers the processes of extracellular
matrix synthesis, tissue remodeling, and cell activation (Hympanova
et al. 2020; Vas et al. 2019). Non-invasive ACTION II™, 2940 nm Er:
YAG from (Lutronic intelligent, Billerica) was utilized to treat course
wrinkle in a 66 years’ male. 5 J/cm laser fluence, 1.6 mm beam diameter
and 0.1 ms pulse length were used in the treatment protocol Table 6..
The wrinkle lines were treated every other week by three sessions: 3
tracks in each session. The results were determined by comparative
photo documentation.

4. Results and discussions

High melanin concentration in the epidermis causes melanin pig-
mented lesions. Heating the epidermal melanin selectively can be ach-
ieved by using laser wavelengths between 800 and 1000 nm. While
longer wavelengths tend to avoid the epidermal melanin, shorter laser
wavelengths can promote skin injury by raising the surface epidermal
temperatures(Pour Mohammad et al. 2023). For age spot treatment, the
color had immediately disappeared after the first session and no adverse
reaction was noticed. Without using anesthesia, cold air was adminis-
tered to avoid burning the skin surface and the patient felt very mild
pain; see Fig. 1. This application philosophy presents new parameters’
values for 980 nm diode laser that are based on pre-calculated fluence

Fig. 1. Melanesia (a) before treatment (b) after the 980 nm laser treatment.
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Fig. 3. Enlarged vein (a) before and (b) after 1064 nm laser treatment.

and helps achieve the result in just one session.

Fig. 2 shows the fine lines before and two months after the 1064 nm
laser treatment. The result shows very good smoothing and the disap-
pearance of the fine lines from the forehead. The patient felt little pain
and redness of the treated skin, but these symptoms only lasted an hour
after the end of the treatment session.

Fig. 3 illustrates the efficacy of 1064 nm laser therapy in treating
enlarged veins. The before-and-after images demonstrate a significant
reduction in the visibility of the affected veins. This wavelength is
particularly effective for targeting vascular lesions due to its deep
penetration and selective absorption by hemoglobin. The laser energy
calculates as mentioned above causing them to coagulate and eventually
fade with minimum side effect.

Fig. 4 showcases the positive impact of 2940 nm Er: YAG laser
treatment on course wrinkles. The comparison between the pre-
treatment and post-treatment images reveals a noticeable improve-
ment in skin texture and a reduction in wrinkle depth. This laser’s

parameter selected to allow stimulating collagen production and pro-
moting skin rejuvenation. The results indicate that multiple treatment
sessions can lead to a significant aesthetic enhancement.

Indigenous absorbers of visible and infrared laser wavelengths can
imitate the optical characteristics of an intermixed media. The local
fluence at the targeted tissue controls the laser beam’s thermal effect(Ge
et al. 2024). Following their passage through the surface, the laser
photons are subjected to several absorbing and scattering phenomena.
The shape, size and mismatch in the particle’s index of refraction with
the medium have an impact on photon scattering. Absorption dominates
over scattering when the particle size is smaller than 250 nm. This,
however, is different for isolated absorbers like melanoma and HgB
where scattering is the main way that laser light in tissue is attenuated at
most wavelengths. After laser treatment, the patients experienced mild
pain and redness of the treated skin, but these symptoms disappeared
within an hour after the session. The patient did not experience any
persistent pain or discomfort after the procedure. He did not experience
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Fig. 4. Course wrinkle treatment with 2940 nm Er: YAG laser; (a) before and (b) after 3 sessions of laser treatment.

any negative side effects such as swelling, redness or inflammation. On
the contrary, he saw a noticeable improvement in the appearance of his
skin over the next few weeks. After two months, the results showed a
significant improvement in the texture and elasticity of the skin, with a
clear disappearance of the fine lines that were previously present in the
forehead area.

5. Conclusion

Non-ablative lasers are widely used to enhance the condition of skin.
Among these non-ablative lasers, low power 980 nm diode, long pulsed
Nd: YAG 1064 nm and fractional Er: YAG lasers were found effective to
treat skin melanin pigmentation, fine lines and coarse wrinkles after pre-
calculating the treatment laser parameters. The present study has the
advantage of avoiding the “after treatment” complications such as scars
and blistering that result because of the try and error techniques usually
adopted by most cosmetic centers. The laser parameter used were pre
calculated (for 980 nm fluence of 12 J/cm pulse duration of 0.02 sec and
for 1064 nm resurfacing 20 J/cm fluence in 0.4 sec pulse duration and
for 1064 vein treatment fluence of 120 pulse duration of 20 and for 2940
fluence of 5 pulse duration 0.1) based on optimum temperature raised
(tissue cooking) needed for optimum laser treatment result without
adverse effect. Future work will concentrate on developing new protocol
to safe treat dark skins which may involve the establishment of cus-
tomizable protocols.

Ethics

Clint’s integrity, trust, honesty, and openness were crucial to our
project. Patients received explanations about the procedure’s potential
risks and advantages as well as how it will impact their quality of life.
Each patient gave their informed consent, ensuring they were fully
informed about the operations and could make an informed decision.
Every patient was informed about potential side effects, post-procedure
therapies, and follow-up procedures. Establishing patient privacy was
crucial to building confidence. Patients were given the freedom to dis-
continue treatment sessions if they felt unsafe or that the anticipated
results did not meet their expectations. Every patient gave permission to
have the laser operation done and promised to assist with data collection
during the recovery phase.
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