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BackGROUND. Laser-assisted hair removal is becoming the
treatment of choice for removing unwanted hair.

oBJEcTIVE. The purpose of this work was to determine the
long-term efficacy of the long-pulsed infrared (LPIR) laser ar
shortened trearment intervals for the meamment of bikini hair,
meTHODS. Eleven patients received five treatments ar 3-week
intervals to the right groin using the LPIR laser. Laser parame-
ters were held constant for all reatments: 10 mm spot size, 20 J,

and 20-msec pulse duration. Results were evaluated 1 year afrer
the last laser treatment. Hair counts were performed.

RESULTS, The average patient had a 78% clearance of hair noted
at 1 year with no evidence of scarring or pigmentary changes.
concLusions. A simulated model of cutaneous hair follicles
provides evidence that shorter trearment intervals (3 weeks)
may be preferable for more complete destruction of the hair fol-
licle bulb and bulge.

UNWANTED BIKINI HAIR 13 a cosmetic concern to
many women. Numerous treatment options for remov-
ing this unwanted hair have been used, including shav-
ing, rweezing, waxing, and chemical depilatories.’
Unfortunately these methods are only temporary, with
hair returning within hours to weeks. Electrolysis*’
has been promoted as a permanent method of hair re-
moval; however, it is not commonly performed in this
area because of it is a tedious and time-consuming pro-
cedure.

Laser-assisted hair removal using a topical carbon-
particle suspension followed by treatment with the
Q-switched Nd:YAG laser was the first FDA approved
laser treatment used for the removal of unwanred
hair.* This treatment method has been reported to de-
lay hair regrowth up to 3 months,™ but has not been
reported to give permanent hair reduction.

The theory of selective photothermolysis developed
by Anderson and Parrish*!'" allows for targeting of a
given chromophore by choosing a laser system that
emits an appropriate wavelength and pulse duration
of light. By applying this theory the target can be se-
lectively destroyved without damage to the surrounding
tissue. The first application of this theory for the re-
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moval of hair was reported in 1996 by Grossman et
al.'! using the normal mode ruby laser. Dierickx et
al.'? published 2-year follow-up observations, demon-
strating long-term permanent hair reduction with the
normal mode ruby laser.

Recently the market has exploded, with numerous
lasers and light sources now available for the treatment
of unwanted hair. This technology is quickly becoming
the treatment of choice, although very few studies are
available to demonstrate its long-term effectiveness.

This study was designed to evaluate the long-term ef-
ficacy of the PhotoGenica LPIR laser for the removal of
unwanted bikini hair. This alexandrite laser systemn,
with an output of 755 nm, is well absorbed by the folli-
cular melanin. In addition, the long pulse duration of
this laser system allows for selective treatment of the
hair follicle with less damage to the surrounding tissues,
embracing the principles of selective photothermolysis.”

Materials and Methods

Eleven consenting patients (10 women, 1 man) volunteered
to receive laser treatment to their right groin for the removal
of unwanted bikini hair. Institutional review board (IRE)
approval was obtained prior to this study. Patients ranged
i age from 16 to 46 years old with skin types IHIL All pa-
tients had black pubic hair. Baseline photographs were ob-
tained using identical lighting and patient positioning to
document the pretreatment bikimi hair. Prior to laser expo-
sure, the treatment area was clipped using electric hair clip-
pers and coated with KY surgical lubricant. No anesthesia
was used and all patients wore protective eyewear. The right
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groin was treated by the physician from the inguinal fold
onta the thigh with the PhotoGenica LPIR laser (Cynosure,
Inc., Chelmsford, MA) using identical laser parameters: 755
nm wavelength, 20-msec pulse duration, 20 J/em? fluence,
10 mm handpiece with no more than a 10% pulse overlap.
The patients returned ar 3-week intervals for re-treatment to
the right groin for a total of five treatments. Twelve months
after the last treatment, parients returned for photographs.
Patients were instructed not to pluck, shave, wax, or epilate
for ar least & weeks before returning for follow-up photo-
graphs. The pre- and posttrearment photographs were used
to perform computer-enhanced hair counts,

Results

Assessment of the patients’ treatment results were
photographically evaluated and hair counts were per-
formed for all patients both pretreatment and again 1
year following the last laser treatment. All patients in
this study had a marked reduction in hair ar the treat-
ment site (Figure 1). Table 1 lists the patient’s hair counts

| PATIENT #017
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i]’AT[ENT # 007
PRE TREATMENT

Figure 1. Photographs demonstrating excellent results 1 year after
the last laser treatrment.
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Table 1. Patient Hair Counts and the Percentage Clearance 1 Year
After Their Last Treatment

Hair cournt Hair count Clearance
Patient before after %6)
2 106 26 75
4 40 4 30
5 54 3 24
B 42 ] B85
T b1 1 38
B B1 17 72
10 74 18 76
1" 67 3 96
12 170 94 45
14 97 53 45
18 197 18 BS
hean 78
Median B

as well as the percentage of clearance found 1 year af-
ter their last laser treatment. The mean clearance of
hairs was 78% and the median clearance was 86%.
The dara is statistically significant with P < .02,

All patients rolerated the procedure well. Erythema
and mild perifollicular edema were noted immediately
after the procedure which resolved within hours. No
patients had to alter their skin care routines following
laser trearment. Two patients (14%) were noted to de-
velop transient hypopigmentation following the first
laser treatment. There was no evidence of pigmentary
alterations noted at the 1-year follow-up. No scarring
or purpura was documented.

It is of interest that when patients returned for their
subsequent laser treatments, no hairs were evident at
the treated site. Additional treatments were rendered
according to the protocol despite the lack of visible
hair growth.

Discussion

In this quickly growing laser market, numerous laser
and light systems are available for removal of un-
wanted hair.!* However, there are few studies to de-
termine long-term efficacy. The results of this study
suggest that the LPIR laser is a safe and effective mo-
dality for use in the long-term reduction of unwanred
bikini hair.

This long-pulsed alexandrite laser system exerts its
effect on the hair follicle by applying the principles of
selective photothermolysis.” With a wavelength of 753
nm, the laser energy 15 able to penetrate deep inro the
dermis and selectively target follicular melanin.’® In
addition, a 20-msec pulse duration was chosen to min-
imize interference from epidermal melanin and maxi-
mize destruction of the hair follicle. This pulse dura-
tion lies above the thermal relaxation for the epidermus,
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which is estimated to be 3-10 msec, and below the
thermal relaxation time of the hair follicles, which is
estimated to be 40-100 msec, thereby optimizing se-
lective destruction of the hair follicle.

Mumerous articles have suggested that multiple laser
treatments yield more effective clinical results.'!.!*%15
Because of the oncoming bikini season, a 3-week treat-
ment interval was chosen to allow for multiple laser
treatments. 'This 3-week treatment interval is shorter
than the usually adopted treatment interval of 6-12
weeks.'® A relatively long waiting period berween
treatments has been widely adopted under the as-
sumprion that the best time to treat the follicle is in the
late telogen/early anagen phase. The long interval of
6-12 weeks also allows the hair to regrow to the point
where it is visible on the skin surface, ensuring the
presence of a target for the laser. The presence of ar
least part of the hair is necessary to provide a targer
for the laser radiation. For example, it has been ob-
served that epilation of the hair prior to laser treat-
ment produces poor long-term results.!! However, it is
not clear yet which part of the hair follicle has to be
destroyed to achieve long-term hair removal.

There have been a number of publications investi-
gating the relationship between hair follicle damage
and hair regrowth. The importance of both the bulge'”
and bulb'® regions has been emphasized. Some au-
thors have established the bulge acrivation hypothesis
based on their findings that the follicular stem cells re-
side in the bulge region of the hair follicle.'” It has
been suggested by Dierickx et al.’ that the probability
for laser hair destruction is independent of the hair
growth cycle. These authors propose that since the lo-
cation of the bulge is independent of the growth cycle,
the stem cells in the bulge are the main target for per-
manent hair removal, advocating that the bulge has to
be destroyed to prevent hair growth. Contrary to these
findings, Liew et al.'* observed that thermal damage
to the bulge region, without thermal damage to the
bulb, provides only temporary hair reduction. These
authors suggest that the destruction of the bulge is not
sufficient and that the bulb has to be destroyed as well
to achieve permanent hair reduction. From these arti-
cles we can conclude that both regions play an impor-
tant role and that it would be beneficial for permanent
hair removal to increase the efficiency of the energy
delivery to both the hair follicle bulge and bulb.

One possible advantage of this shortened trearment
interval is that in 3 weeks the hair has begun to re-
grow in the bulb, but it has not yet grown to the sur-
face of the skin. This would imply that there is a sutfi-
cient amount of melanin in the follicle bulb to serve as
a target for the laser; however, with hairs not yet to
the skin’s surface, there would be less absorption of
laser energy by the hair shafts embedded in the dermis.
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Thus with smaller hair shaft absorption in the dermis,
a larger fraction of the laser energy is delivered to the
follicle bulb and the bulge. This may represent the
main benefit of the 3-week treatment plan.

The effect of hair in the dermis was evaluared by
modeling the fluence distribution in the skin in the
presence and absence of hair using a Monre Carlo
simulation package.22! The software simulates the ir-
radiation of a scattering and absorbing stratified me-
dium by following a large number of photons through
individual absorption and scattering events. The re-
sults of the calculation include the spatial distribution
of the fluence and the amount of energy deposited in
the tissue.

The skin structure with embedded hair follicles was
represented as a stratified medium using a number of
simplifying assumptions. The average follicle count on
the untreated legs and thighs is abour 60 follicles/
em2.22 It is assumed that the average hair follicle bulb
is a sphere with a diameter of 200 pm and that the av-
erage follicle bulb depth is 3 mm.""-** In addition, it is
assumed that the hair follicle bulb contains 100%
melanin. The presence of hair follicle bulbs with a
density of 60 bulbs/cm® was simulated by a 200 pm
skin layer with 1.26% distributed melanin content at
a depth of 3 mm. With these assumptions, the equiva-
lent of 0.47% distributed melanin content if in the
dermis would decrease the penetration ability of the
laser radiation. The presence of hairs in the dermis
was modeled by a dermal layer containing 0.47% of
melanin positioned above the follicle bulb layer. The
thickness of the hair shaft layer was varied to simulate
the process of hair growth. The model laser parame-
ters were identical with the laser used in the study: in-
put beam diameter 10 mm, input fluence 20 J/em,
and wavelength 755 nm.

The definition of fluence is the total amount of pho-
ton energy density available at a given coordinare.
Knowledge of the fluence distribution and the absorp-
tion coefficient of the structures of interest allow for
calculation of the energy density deposited in these
structures. The center beam fluence distribution versus
depth is plotted in Figure 2. The presence of 0.47%
distributed melanin content in the dermis, represent-
ing the presence of hairs extending rto the surface of
the skin, reduces the fluence at the bulb depth by ap-
proximately a factor of two. The presence of hair also
reduces the fluence by 40% at the average bulge depth
of 1 mm.

The amount of laser energy deposited per unit vol-
ume of tissue can be calculated by multiplying the flu-
ence at a given depth by the corresponding absorption
coefficient in the tissue. The deposited energy is the
heat source that damages the hair follicle structures.
The total amount of energy deposited in a tissue layer
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Figure 2. On-axis fluence versus depth in the presence and absence

of distributed hair content. The input beam diameter is 10 mm, in-
put fluence 20 lom?, wavelength 755 nm.

can be calculated by integrating this energy per unit
volume over the volume of that layer. Specifically in
our model, the follicle bulbs are assumed to occupy
only 1.26% of the volume in the follicle bulb layer,
but due to their high absorption they receive nearly all
the energy deposited in that layer. In order to calculate
the energy effectively deposited in the bulbs, the value
for deposited energy in the bulb layer has to be multi-
plied by 1/0.0}126 or approximarely by 80.

The effective energy deposited in the follicle bulbs
was calculated in a series of models with various hair
lengths. The results are summarized in Figure 3. In
this plot, fractional hair length of 0 corresponds to a
short hair stem in the bulb and no hair shaft present in
the dermis. The progressively larger fracnional lengths
represent hair shafts extending in the dermis. The frac-
tional hair length of 1 corresponds to completely
grown hair shafts that reach the surface of the skin.
The solid line in Figure 3 shows that the growing hair
gradually decreased the efficiency of the energy deliv-
ery to the follicle bulb. If the hair does not extend to
the surface of the skin, the efficiency of the energy de-
livery to the bulb can be improved by as much as a
factor of 2 or more compared to the case of fully
grown hair.

A similar effect applies in the bulge region, where
the larger fluence in the absence of hair in the skin re-
sules in an increase of the delivered energy. The
dashed line in Figure 3 represents the total energy de-
posited in the dermis above the level of the follicle
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Figure 3. 5Solid line; on-axis effective deposited energy density in
the follicle bulb versus length of hair embedded in the skin.
Dashed line: total energy deposited in the dermis above the level
of the follicle bulbs versus length of hair embedded in the skin.
The fractional hair length 0 corresponds to the absence of hair in
the dermis, 1 corresponds to the hair that has grown to the sur-
face of the skin. The input beam diameter is 10 mm, input fluence
20 Jem?, and wavelength 755 nm.

bulbs. The dermal absorption is due to the presence of
partially grown hair shafts and the dermal blood con-
tent. The dashed line in Figure 3 shows that the grow-
ing hair in the dermis absorbs a substantial amount of
energy. In the case of fully grown hair, abour 6.3 | of
energy is deposited in the dermis and contributes only
to unnecessary heating of the dermis. This is abour
40% of the total pulse energy of 15.7 ] incident on the
skin. If the hair does not extend to the surface of the
skin, the amount of energy deposited in the dermis can
be reduced by a factor of 2 or more.

The conclusion from the present simulations is that
the presence of developed hair shafts in the skin sub-
stantially decreased the amount of energy delivered to
both the hair follicle bulb and the bulge. Therefore it
would be beneficial to perform the hair removal treat-
ments on a schedule that minimizes the presence of the
highly absorbing hair shafts in the skin. The most ef-
fective treatment interval allows for the formation of a
very short hair stem in the follicle bulb to serve as rar-
get for the laser light. This interval would also allow
for the formation of melanotic melanocytes in the
bulge area, which also serve as a target for the laser.™
This treatment interval would also be sufficiently
short to minimize hair growth in the dermis and im-
prove the conditions for effective delivery of energy to
the hair follicle bulb and the bulge. Biopsy results pub-
lished by McCoy et al.'® show that 4 weeks after the
initial treatment the hair follicle bulb has developed a
short hair shaft and can be targeted again with the la-
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ser. We have been unable to find dara for the time in-
terval needed for formation of melanotic melanocytes
in the bulge region. Unfortunately pathology was not
done in this study to confirm our hypothesis; however,
the observed excellent hair removal results suggest
that both the bulge and the bulb regions were effec-
tively targered.

The excellent results achieved with this long-pulsed
alexandrite laser system were maintained at 1 year fol-
lowing the last laser treatment. The proposed defini-
tion for permanent hair reduction requires that the
hair reduction be stable for a period of time longer
than the complete growth cycle of follicles at a given
body site.!? The exact duration of the bikini hair cycle
is unclear burt is estimated to be 3-7 months.""*" This
study, demonstrating hair reduction stable for a year,
implies that the LPIR laser is an effective tool in long-
term hair reduction.
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