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Lasers

Lasers are commonly used in medical treatments, including dermatology, where they provide
effective solutions for various skin conditions. The term "laser" is an acronym that stands for Light
Amplification by Stimulated Emission of Radiation. This process involves the amplification of light
energy (photons) to produce a focused beam, which can be directed at specific tissues to achieve
therapeutic effects. Although the acronym includes "radiation," it is important to clarify that lasers
do not involve ionizing radiation, such as that used in X-rays. Therefore, they do not carry the same
long-term health risks or increased risk of malignancy.

Basic Components of a Laser System

Lasers consist of four essential components: the optical cavity (or resonator), the laser medium,
the power source, and the delivery system. The optical cavity is responsible for amplifying the
light, while the laser medium, which can be a gas, liquid, or solid, plays a crucial role in
determining the wavelength and properties of the emitted light. Common laser media include:

➢ Gas lasers: These use gases like carbon dioxide (CO₂), argon, krypton, and copper vapor.
➢ Liquid lasers: These typically use dyes, such as rhodamine, dissolved in solvents.
➢ Solid-state lasers: These rely on solid materials like ruby, alexandrite, or

neodymium-doped yttrium aluminum garnet (Nd:YAG), as well as semiconductor diodes.

The choice of laser medium determines the characteristics of the laser, including its color and its
ability to interact with specific tissues.

Mechanism of Action and Tissue Interaction

For lasers to produce the desired therapeutic effect, the energy they emit must interact with the
target tissues in the skin. The laser energy can be reflected, transmitted, scattered, or absorbed by
the tissue. Absorption is the key process that enables lasers to create photothermal or
photochemical effects, which are critical for treating skin conditions. In contrast, if the laser energy
is reflected or transmitted through the tissue, no therapeutic effect occurs. Scattering of light can
lead to less precise effects, potentially causing uneven or unintended changes to the skin.

To achieve optimal results, it is essential to match the laser's wavelength and energy delivery with
the specific absorption properties of the target tissue. This is why different skin conditions require
different lasers, as each laser is suited to interact with particular chromophores (molecules in
tissues that absorb light), such as melanin, hemoglobin, or water.
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Laser Treatment Applications and Considerations

Laser treatments are based on the principle of thermal reactions that occur within the targeted
tissues. The heat generated by the laser can induce various effects, including tissue coagulation,
vaporization, and even collagen remodeling. However, it is crucial to note that not all skin
conditions are suitable for laser therapy, and the effectiveness of laser treatments depends on
factors such as the specific condition, the type of laser used, and the desired outcome.

In dermatology, lasers have been used for a variety of conditions, including:

1. Tattoo removal: Lasers, particularly the Q-switched lasers, target ink particles in the skin,
breaking them into smaller fragments that can be cleared by the immune system.

2. Pigmented lesions: Lasers such as the alexandrite or Q-switched ruby lasers are effective
in treating conditions like age spots, freckles, and melasma by targeting excess melanin.

3. Vascular lesions: Pulsed dye lasers (PDL) or the KTP (potassium titanyl phosphate) laser
are commonly used to treat conditions like spider veins, rosacea, and port-wine stains by
targeting hemoglobin in blood vessels.

4. Wrinkles and skin rejuvenation: Fractional CO₂ and erbium lasers are used to resurface
the skin, stimulate collagen production, and reduce the appearance of fine lines and
wrinkles.

5. Acne treatment: Certain lasers, such as the 1450 nm diode laser, target sebaceous glands
to reduce oil production and treat acne vulgaris.

Advances in Laser Technology and Treatment

Recent advancements in laser technology have led to more refined treatments with fewer side
effects and shorter recovery times. Fractional lasers, for example, deliver laser energy in a grid
pattern, creating micro-injuries in the skin that allow for quicker healing and less downtime. These
lasers are particularly useful for skin resurfacing and treating conditions such as acne scars and
wrinkles.

Another significant innovation is the development of non-ablative lasers, which do not remove the
outer layers of skin but instead work by stimulating underlying tissues. These lasers are
particularly beneficial for patients seeking skin rejuvenation with minimal risk of pigmentation
changes or scarring.

Conclusion

Laser therapy offers a highly effective, non-invasive option for treating a wide variety of skin
conditions. By understanding the unique properties of different laser types and matching them to
specific skin characteristics, clinicians can achieve optimal results. However, it is essential to
recognize that laser treatments should be selected based on the individual needs of the patient, the
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specific condition being treated, and the anticipated outcomes. Continuous advancements in laser
technology ensure that lasers will remain a vital tool in dermatologic care.

References

❖ Bäumler, W., & Wiegand, C. (2021). Laser treatments in dermatology: Fundamentals, recent advances, and
clinical applications. Journal of Dermatology, 48(10), 1463-1474. https://doi.org/10.1111/1346-8138.16442

❖ Hirsch, R. J., & Dover, J. S. (2022). Laser dermatology: A practical guide. American Journal of Clinical
Dermatology, 23(4), 521-529. https://doi.org/10.1007/s40257-022-00632-7

❖ Liu, Y., & Wang, D. (2023). Advances in laser technology for skin rejuvenation. Skin Therapy Letter, 28(5), 4-9.
❖ Moradi, T., & Hamed, M. (2024). The role of fractional lasers in treating acne scars: A review. Journal of

Cosmetic Dermatology, 23(3), 379-386. https://doi.org/10.1111/jocd.14911

https://doi.org/10.1111/1346-8138.16442
https://doi.org/10.1007/s40257-022-00632-7
https://doi.org/10.1111/jocd.14911

