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BACKGROUND. Laser hair removal is bccuming an increas-
ingly popular alternative to traditional methods such as shav-
ing.. wuing. drp:il:ltur}' CIEams, Or cl:r.;trul}-'sis- Mumerous laser
systems are currently available offering different methods of
illuminating the treatment area. The fluence distribution
within the tissue and, thus, the treatment efficacy depends
upon the illumination geometry, namely the index matching at
the skin surface, the incident spot size, and the energy distri-
bution within the incident beam.
OBJECTIVE. To analyze and discuss the various aspects of illu-
mination geometry in the context of laser hair removal.
METHODS. Detailed calculations of the influence of each
aspect on the energy distribution during the treatment pulse
were performed.
ConcLUSION. Calculations using typical skin parameters for
wavelengths of 650-1100nm show that matching of the index
of refraction at the skin surface by illumination of the treat-
ment are: thrquh sapphire in contact with the skin, for exam-
ple, alone (i.e. aside from the beneficial heat-sinking effects)
can reduce the epidermal heating up to 30% by minimizing
the amount of internally reflected photons at the skin surface.
Thus, by providing favorable index matching at the skin sur-
face, sapphire contact enables the safe use of higher, more
effective fluence levels.

The calculations also show that a 10-mm diameter spot
size (or 9-mm square) produces a fluence level at targer depths
of 1-3mm equal to 73-88% (depending on depth) of the flu-

ence level at the same depths produced by an infinitely wide
beam of equal incident fluence. This means that litile addi-
tional penetration is achieved with larger spot sizes. In addi-
tion, most commercial laser hair removal systems that provide
larger spot sizes (> 14mm in diameter) are unable to produce
adequate fluence at the larger beam sizes to achieve the same
level of efficacy of systems with 814 mm diameter beams. In
contrast, a 5-mm diameter spot size produces a fluence level at
target depths of 1-3mm of only 37-52% (depending on
depth) that of an infinitely wide beam of equal incident flu-
ence. Because of the epidermal heating resulting from the rela-
tively high fuence level at the skin surface, the penetration of
smaller diameter beams can not be made to maich that of
broader beams by simply increasing the incident fluence.
Thus, laser hair removal systems that provide smaller spot sizes
(«Bmm in diameter) may be unable to safely produce the
desired therapeutic effect.

Calculations using typical skin parameters for wavelengths
of 650-1100nm show that, for equivalent epidermal heating,
up to 54% higher fluence can be applied using a beam with a
flat energy distribution profile versus a gaussian profile, result-
ing in significantly deeper and broader penetration of the
beam. For this reason, a laser hair removal systems with a pre-
dominantly flat beam profile will be more effective and induce
fewer complications than a laser with a largely gaussian profile
{i.e. with a central “hot spot”).

LASER HAIR REMOVAL is becoming an increasingly
popular alternative to traditional methods such as
shaving, waxing, depilatory creams, or electrolysis.
With a global device market estimarted at approxi-
mately $200 million per year, laser hair removal is
currently by far the largest opportunity in aesthetic
lasers. Consequently, numerous manufacturers are
now producing laser and non-laser based systems
aimed specifically at serving this market.

In order to compare the relative merits of each of
these systems, it is important to consider the underly-
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ing principles governing the treatment. This technical
note, the second of a series discussing the important
aspects of laser hair removal, focusses on illumination

geometry and its effect on the fluence distribution
within the tissue.

Photothermal Epilation

Hair removal using lasers is achieved by selectively
depositing energy into the hair shaft and pigmented
follicular epithelium, such that the rapid rise in tem-






