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Abstract

Background and objective: Based upon the thermal relaxation time of the hair follicle (10-50 ms), most lasers and light
devices use relatively long pulse widths for hair removal. This study was conducted to evaluate a shorter pulsed, 0.65 ms
Nd:YAG laser for hair removal. Merhods: One half of each axilla of six female participants was treated and the other half was
monitored as a control. The treatment sites were treated with a fluence of either 21 J/cm? or 36 J/cm? using an Nd:YAG
laser with a wavelength of 1064 nm and a pulse duration of 0.65 ms. A manual hair count was done before treatment and at
each follow-up visit. Results: Four months after four monthly treatments, the hair reduction was graded as 5 (75-100%
reduction) on the high fluence side and 4 on the low fluence side (50-75% reduction) by individuals and investigators. The
average hair count 4 months after four treatments in the sites treated with a high fluence went from 114 to 28 (76%
reduction) and in the low fluence areas from 135 to 38 (72% reduction). Conclusion: This well-controlled study shows that a
0.65 ms Nd:YAG laser is effective and safe for hair removal.
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Background and objective

The desire to remove unwanted hair is universal and
laser and light-based hair removal is one of the most
popular and fastest growing cosmetic procedures
around the world (1). There are many ways to
temporarily remove hair such as bleaching, shaving,
plucking, waxing and chemical depilatories (2).
Electrolysis offers more permanent hair removal
but the procedure is tedious, time-consuming and
painful. The search for ‘permanent hair eradication’
continues. Permanent hair removal is defined by the
US Food & Drug Administration (FDA) as: ... the
long-term, stable reduction in the number of hairs
re-growing after a treatment regime, which may
include several sessions. The number of re-growing
hairs must be stable over time greater than the
duration of the complete growth cycle of hair

follicles, which varies from 4 to 12 months according
to body location. Permanent hair reduction does not
necessarily imply the elimination of all hairs in the
treatment area’ (3).

Laser/light hair removal (LHR) treatments lead to
a significant reduction in the number of terminal
hairs. These treatments are easy, quick and relatively
pain free. The need and popularity of these proce-
dures has created a number of non-dermatologists
performing these treatments that include physicians
and non-physicians. Currently, devices in use for
LHR are the ruby laser (694 nm), alexandrite laser
(755 nm), diode laser (800+ nm), and neodynium:yt-
trium-aluminum-garnet (Nd:YAG) laser (1064 nm)
and intense pulsed light IPL) (590-1200 nm).

The energy from the laser and light selectively
targets hair follicles based on the theory of selective
photothermolysis (4). Melanin in the hair shaft and
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hair follicle acts as the target chromophore, absorb-
ing the energy from laser/light devices. The heat
diffuses from hair shaft to hair follicle to peripheral
stem cells based on the extended theory of selective
photothermolysis, thus destroying the hair follicle
(5).

Hair follicles are destroyed by three mechanisms:
thermal (through localized heating), mechanical
(through shock waves or violent cavitation), and
photo-chemical (through generation of toxic media-
tors such as singlet oxygen or free radicals) (6).

The appropriate wavelength, pulse duration and
fluence are chosen to optimize the results of LHR
while minimizing possible side effects. A very high
fluence and a very long pulse can cause excessive
heat damage which can lead to permanent scarring
(7). To obtain the spatial confinement of the thermal
damage and minimize the potential side effects, the
pulse duration must be shorter or equal to the
thermal relaxation time (TRT) of the hair follicle,
which is estimated to be between 10 ms and 50 ms
(8-10). Most laser hair removal devices currently
available use a long millisecond pulse for LHR. The
Nd:YAG is better suited for hair removal in
individuals with dark skin because of its longer
wavelength (1064 nm). Most LHR devices are also
used after application of cooling gel or lotion and
pre-cooling of skin is required to avoid epidermal
damage.

This study was conducted to evaluate the safety
and efficacy of a novel portable, small, and relatively
inexpensive Nd:YAG laser with a short pulse of a
microsecond without using a cooling method.

Materials and methods

Individuals were recruited from a dermatology and
laser clinic. Six females with an average age of 31
years (16-52 years), five with skin type V and one
with skin type III, were enrolled. Four individuals
had black and two had brown hair. The hair density
was medium for five individuals and light for one;
hair thickness was medium for five individuals and
thin for one. The procedure, expected results, and
possible complications were discussed with each
participant in detail and with one parent in the case
of a minor individual. A consent form was signed by
five adult participants and the parent of the minor
participant.

Participants were instructed not to remove hair in
the axillae by any method for at least 1 week before
treatment and each follow-up visit. Photographs
were taken using a digital camera (Cannon Power
Shot S2 IS, 5.0 mega pixels) before treatment and at
each follow-up visit. Participants were asked to raise

their arms to expose the axillae while lying in a
supine position in an examination table. All photo-
graphs were taken by the same person in the same
room and under the same lighting. Each axilla was
divided into two equal halves and labeled using a red
marker. One half of each axilla was treated and other
half was monitored as a ‘control’. A manual hair
count was done at each treatment and control site
before treatment and at each follow-up visit. The
same individual counted each site at each wvisit.
Standard safety measures were taken during the laser
exposure, including but not limited to use of
wavelength-specific eyewear by the participants,
treating physician and all other personnel present
in the treatment room.

The treatment site in each axilla was treated with
a fluence of either 21 J/cm? or 36 J/cm?. A higher
fluence was used with a focused 5 mm spot and a
lower fluence was used with a collimated 6 mm
spot. No cooling, gel or lotion was used before,
during or after the treatment. A portable
(18 x34.5x47.2 cm; 22 1bs/10 kg) Nd:YAG laser,
LightPod Neo ™ (Aerolase, Tarrytown, NY, USA),
with a wavelength of 1064 nm and a fixed pulse
duration of 0.65 ms was used. The selection of
higher and lower fluence was randomized in a way
that if the superior half of the right axilla was treated
with the higher fluence then the inferior half of the
left axilla was treated with the lower fluence. Also, if
the superior half of left axilla of participant number
one received a higher fluence than the superior half
of the left axilla of subject number two received
lower fluence. Immediately after the treatment,
patients were asked whether the treatment had
been tolerable in terms of pain, discomfort and
burning on a scale of 1-5. Observations were
recorded for erythema, edema, burning and blister-
ing after treatment. Participants were asked whether
they had any discomfort or problems at home after
treatment. They were also asked to grade the overall
hair reduction at each follow-up visit on a scale of 1
to 5, where 1=no reduction, 2=<25%, 3=25—
50%, 4=50-75% and 5=75-100%. Investigators
also graded the overall hair reduction on the same
scale of 1 to 5.

Biopsies were performed to analyze microscopic
changes to the hair follicles after treatment. Punch
biopsies were performed on the treatment sides on
two individuals immediately and 1 week after the
first treatment, and 1 month after four treatments.
The biopsy sites were cleansed with alcohol swabs
and injected with 1 cc of 2% lidocaine with
epinephrine. A 4 mm punch biopsy was done
followed by 4-0 nylon sutures, which were removed
2 weeks later.
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Results

All participants described pain as ‘tolerable’.
However, the average pain score during the treat-
ment was 2.9, including both fluences. Only one
participant reported discomfort lasting for 2 hours
after the first treatment on both sides. There was
only faint erythema and mild perifollicular edema
during some treatment sessions. None of the
participants experienced hyperpigmentation, hypo-
pigmentation, burns, vesiculation, infection or scar-
ring.

One month after 4 monthly treatments, the hair
reduction was graded as 5 (75-100%) by individuals
and investigators. The average hair count 1 month
after four treatments in the high fluence treated sites
went from 114 to 18 (84% reduction) and in the low
fluence areas from 135 to 24 (82% reduction). Four
months after four monthly treatments, the hair
reduction was graded as 5 (75-100) on the high
fluence side and 4 on the low fluence side (50-75%)
by individuals and investigators. The average hair
count 4 months after four treatments in the high
fluence treated sites went from 114 to 28 (76%
reduction) and in the low fluence areas from 135 to
38 (72% reduction), see Figures 1-3 and Table 1.

Participants were asked about their level of
satisfaction from the treatment on a scale of 1-5,
where 1=extremely dissatisfied and 5=extremely
satisfied. One participant graded her level of
satisfaction as 2, two as 3 and three individuals
graded it as 4 (Figure 6). When asked whether they
would treat other areas and recommend this
procedure to other family members and friends, all
but one participant said that they would do it again
and would recommend to others.

Clinical examples/photographs are shown in
Figures 4-6 with treated and untreated sites, 1 and
4 months after the fourth treatment.
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Figure 1. Reduction in hair count.
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Figure 2. Percentage reduction in hair count.

The histologic evaluation of the representative
biopsy sites immediately post-treatment showed
fragmentation of the hair shafts, pallor of the spinous
layer keratinocytes and elongation of the basal layer
keratinocytes. A sparse superficial perivascular lym-
phocytic infiltrate was seen. These findings are
consistent with acute thermal injury to the skin.
One week after treatment, acellular debris could be
seen focally in the stratum corneum. There appeared
to be an increase in the number of melanophages in
the reticular dermis. At 4 weeks after the fourth
treatment, mild perifollicular fibrosis could be seen
as well as trichostasis and trichomalacia. Dermal
melanophages again could be seen. Analyses of
horizontal sections reveal an increased number of
miniaturized hairs compared to control skin. No
scarring was observed (Figures 7-10).

These findings are consistent with previous
reports describing the histologic findings of laser-
mediated hair removal, which include coagulated
hair shafts, trichomalacia, pigment incontinence,
follicular miniaturization, an increase in the telo-
gen:anagen ratio, and variable amounts of inflam-
mation (11-15). A reduction of the number of
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Figure 3. Percentage of individuals satisfied with the procedure
(n=6).
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Table I. Mean hair count 1 and 4 months after treatment no. 4, all individuals combined.

High fluence Low fluence % Hair reduction

Pre-treatment 114 135 84% (high fluence)
1 month post-treatment 18 24 82% (low fluence)
4 months post-treatment 28 38 76% (high fluence)
72% (low fluence)

Control side pre-treatment 136 113 36% (high fluence)
Control side 1 month post-treatment 87 92 19% (low fluence)
Control side 4 months post-treatment 87 90 36% (high fluence)

20% (low fluence)

follicular units has also been described (12). Because Discussion

the density of axillary hair is relatively low (com-

pared to scalp) and the tissue samples small, The use of laser and light-based devices to remove
quantification of the number of hair follicles and unwanted hair is one of the most desired and popular
cycle proved difficult. We did note telogen hair cosmetic procedures around the world (1). Even with
follicles in treated skin, but their number was not the use of the modern state-of-the-art technology that
appreciably different from control sites. we have available today, we are still searching for

Figure 6. Axilla of individual LD, treatment and control sides, 4

Figure 4. Axilla of individual LD, treatment and control sides,
months after four treatments.

before treatment.

Figure 5. Axilla of individual LD, treatment and control sides, 1 Figure 7. Biopsy immediately post-treatment. Notice pallor of the
month after four treatments. upper epidermis, and elongated basal keratinocytes (arrow).
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Figure 8. Biopsy immediately post-treatment. The hair shaft at
the specimen surface, exhibiting near complete destruction.

‘permanent hair eradication’. Any procedure can
achieve ‘permanent hair reduction’ if it decreases the
number of re-growing hairs and this decrease in re-
growth is stable for a period of 4-12 months. In this
study, the participants were followed for 4 months
after four monthly treatments to assess the ‘permanent
hair reduction’ as defined by the US FDA.

The new laser/light-based treatments for hair
removal result in a significant reduction in the
number of terminal hairs in all body areas. LHR
was first performed only by dermatologists but a
huge demand all around the world for treatments
and the relative ease of its use and safety have led to

Figure 9. Biopsy pre-treatment. Higher power of a normal sized
hair shaft in lower left corner.

Figure 10. Biopsy 1 month after four treatments. Higher power of
a miniaturized hair shaft in lower left corner.

non-dermatologists and non-physicians performing
LHR. It is thought that at the present time, around
the world most of these LHR procedures are
performed by non-physicians. There are several laser
and light-based devices in use for LHR and each one
of them has its own advantages and disadvantages.

The exact mechanism of action of LHR is not fully
understood but there are several theories. Melanin in
the hair shaft and hair follicle is the target chromophore.
The heat generated from the laser irradiation diffuses
from hair shaft to hair follicle to peripheral stem cells.

It is imperative that the appropriate wavelength,
pulse duration and fluence are used to achieve the
best results from any laser/light treatment while
minimizing possible side effects. A very high fluence
and/or a very long pulse width can cause excessive
heat damage which can lead to permanent scarring
and pigmentary alteration (7). Most currently
available LHR devices use a millisecond pulse width
because the TRT of a hair follicle is 10-50 ms. The
Nd:YAG is better suited for hair removal in
individuals with dark skin because of its longer
wavelength of 1064 nm. Most LHR devices are also
used after application of a cooling gel or lotion and
pre-cooling of skin is required to avoid epidermal
damage, pigmentary changes and scarring.

This study was conducted to evaluate the safety
and efficacy of a novel portable Nd:YAG laser with a
short pulse of 0.65 ms without using a cooling
method. This study shows that a microsecond
(0.65 ms) pulsed Nd:YAG laser is at least as effective
and safe as other bigger devices with longer pulse
widths. Our results show that hair reduction was 84%
and 82% 1 month after four monthly treatments and
was 76% and 72% four months after four monthly
treatments on high and low fluence areas respectively.
The reduction from 84% to 76% and from 82% to
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72% between 1 month and 4 months after the fourth
treatment was also expected. In a recently published
study, Khoury et al. showed that the axillary hair
reduction went from 81.9% to 71.3% for the
alexandrite laser, from 79.2% to 60.1% for the diode
laser, from 61.8% to 48.2% for the Nd:YAG laser and
from 80.3% to 68.1% for an alexandrite and Nd:YAG
laser combination treatment from 1 to 2 months after
three treatments (16). In our study, it was also noted
that 1 and 4 months after the final treatment there
was some reduction in hair on the ‘control’ sides as
well (Table I). We attribute this phenomenon to the
diffusion of energy from treatment side to control
sides as they were close to each other. We chose to
have the final evaluation 4 months after the final
treatment because most LHR studies have a mini-
mum of 3 months’ follow-up because this is the
duration of telogen hair for human axillary hair (6).
The histologic evaluations of the biopsy specimen
after treatment are similar to other published LHR
studies. The US FDA also suggests that the follow-up
should be between 4 and 12 months, depending on
location on the body.

The current study is very comparable with the
other published studies that used longer pulse
durations and non-portable lasers for LHR. It shows
that a short-pulsed Nd:YAG laser is as effective and
safe as other devices used for LHR.

Conclusion

This well-controlled study shows that a 0.65 ms
Nd:YAG laser is effective and safe for hair removal.
This device has the advantage of being small and
portable, and can be used without cooling and/or
anesthetics. It is relatively inexpensive, affordable
and is easy to move from office to office or room to
room because of its small size.
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