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In recent years, there has been a rapid growth in Aesthetic Medicine due to development of the science and
technology. Using laser to achieve “non-invasive procedures” and “short convalescence” has been a major trend
in the last decade in the actively developing micro-plastic surgery field. In this field, laser hair removal is one of
the most popular and widely used laser applications. However, there are several side effects after a laser hair
removal treatment, like skin reddening, Hypo-pigmentation, blistering, etc. In some occasions, it could cause
serious side effects, such as folliculitis and extended convalescence which cause severe pain during the
treatment. One way to alleviate the aforementioned side effects is to shrink the laser spot size to fire single hair
follicle, and combine the real-time image positioning system and auto-controlled laser scanning system for
shortens treatment time. We could thus reduce the thermal damage and pain of healthy tissue during the
treatment. However, there is no previous study to evaluate the efficacy of using a smaller laser spot size on hair

removal.

The goal of this research is to investigate the effect of laser spot size on energy attenuation for skin penetration.
The specific aims include (1) designing and developing a laser diode system for hair removal, and (2) investigating
the effect of spot size laser on energy attenuation for skin penetration using animal model. To achieve the first
goal, we first considered the functional requirements for a small spot size 808nm diode laser hair removal system
and generated a conceptual system design. Secondly, we used Monte Carlo method to simulate light propagation
in tissue with different spot size, and designed a laser source, a laser driver control module, and an optical
system based on the simulations results. Finally, we calibrated the laser diode system. To achieve the second
goal, the experiments for investigating the effect of laser spot size (e.g. diameter 1mm, 3mm, and 5mm) on
energy attenuation for skin penetration were performed on a Lanyu pig's abdomen skin tissue.

The results showed that: (1) Monte Carlo modeling indicated that the laser with different spot sizes penetrated
the tissue (thickness 2.25mm) with a same energy penetration rate (about 0.46%). (2) A laser diode prototype
system was developed which had stable operating characteristic and output power. (3) The results of phantom
experiment were similar to MC modeling: the penetration rate was same for different laser spot sizes. (4) The
results of animal experiment showed the laser spot size was not affecting the energy penetration rate of skin.

The results can be an important foundation for small spot size laser hair removal system.

To improve our current system, further studies are necessary which include (1) coupling the laser into the fiber
for making the laser energy uniform, (2) firing laser to follicle and making the biopsy to perform histology
comparisons to find out the laser system specifications for clinical treatment, and (3) investigating the variation

of temperature distribution after firing laser, and verifying the efficiency of laser diode system for hair removal.




