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Multiphoton Microscopy in the Application of Skin Diagnosis
and Treatment
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Laser and light is frequently used in treating various diseases, including skin disorders.
Erbium:YAG laser is a commonly used laser to treat skin tumors and dermabrasion.
Ultraviolet (UV) light is known as a major factor in skin aging and laxity.
Radiofrequency have been introduced for nonablative tissue tightening by volumetric
heating of the deep dermis to treat redundant skin laxity, which is a major feature of



aging. Real-time evaluating tissue reaction is necessary in order to adjust the laser or
radiofrequency energy to suit individual. Recently, multiphoton microscopy is an
emerging non-invasive technology, which can provide cellular level high resolution
images in vivo. The aim of this study was to validate the usefulness of MPM as an
imaging modality for monitoring tissue reaction after light, laser and radiofrequency
in vivo. Nude mouse skin was irradiated with an Erbium:YAG laser and
radiofrequency device at various fluence and the skin was imaged using a MPM. The
alterations of cutaneous non-linear optical properties including multiphoton
autoflurescence and second harmonic generation (SHG) associated with laser and
radiofrequency treatment was evaluated morphologically and quantitatively. SHG
intensity has been shown to correlate with the amount of collagen. Out study showed
that, at low fluence, Erbium:YAG laser selectively loosened the compact stratum
corneum without detectable damage to the viable skin. This effect may contribute to
laser-assisted transcutaneous drug delievery. At high fluence, the residual epidermal
and dermal structures could be visualized after ablation. Furthermore, the degree of
collagen damage in the residual thermal zone was evaluated by quantitative analysis
of second harmonic generation signals. UV light induced photodamaged skin was
studied with multiphoton microscopy. There was significant decrease of collagen
SHG signals in UV-irradiated group compared to control. Solar elastosis was found to
emit autofluorescence in MPM. Also, we studied antiaging effects of radiofrequency
by MPM. The dermal collagen SHG signals decreased in accordance to energy of
irradiation, which means collagen disruption after heating effects of radiofrequency.
The SHG signals increased over baseline one month after radiofrequency. The effects
displayed collagen regeneration after heat-induced disruption, which could be the
mechanism of skin tightening with radiofrequency. Multiphoton imaging with cellular
resolution clearly visualized the reaction of the stratum corneum, keratinocytes and
dermal extracellular matrix caused by laser, radiofrequency and ultraviolet irradiation.
Due to its non-invasiveness, we can obtain serial change of skin. In conclusion, MPM
is an ideal tool for monitoring tissue reaction to laser, UV light and radiofrequency in
vivo. The study support the usefulness of non-linear optics in studying mechanism of
tissue remodeling after laser or radiofrequency treatment, which can be applied in
further clinical research.



