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background. Effective hair removal continues to pose a challenge to the physician. The use of lasers represents a significant
advance in epilation, but still requires further refinement. The longpulsed Nd:YAG laser may offer advantages over other systems because of its significant depth of penetration and minimal absorption
by epidermal melanin, but ideal parameters need to be determined.
objective. To evaluate the efficacy of a long-pulsed Nd:YAG laser system and determine the optimal parameters for hair removal.
methods. Twenty-two subjects were treated with a cryogen
spray-cooled long-pulsed Nd:YAG laser. Four adjacent sites were
assigned to each subject, where the following sets of parameters
were utilized: 50 J/cm2 with a 25-msec pulse duration, 60 J/cm2
with a 50-msec pulse duration, 80 J/cm2 with a 50-msec pulse duration, and control. Hair counts were obtained immediately, 1
week, 1 month, and 3 months after treatment, and multivariate regression analysis was used to determine the significance of hair reduction. Acute reactions and adverse events were also evaluated.

results. Treatment at all three sets of parameters resulted in
significant mean hair reductions immediately, at 1 week, and at
1 month (P  .001). At 3 months, the higher settings of 60 J/cm2
and 50 msec and 80 J/cm2 and 50 msec were statistically significant for reduced mean hair counts (P  .014, P  .042, respectively), while the lowest setting at 50 J/cm2 and 25 msec was
not significant (P  .079). Patient and physician assessments suggested optimal hair reduction at the highest fluence (80 J/cm2)
and longest pulse duration (50 msec). The most common acute
reactions were pain during treatment, erythema, and perifollicular edema, all of which were more severe with higher fluences.
conclusion. The long-pulsed Nd:YAG laser is a safe and effective method of hair removal. Increased fluence (60–80 J/cm2)
and longer pulse duration (50 msec) settings were generally correlated with reduced hair counts and improved clinical outcome.
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UNWANTED BODY hair is a common problem that
has traditionally been dealt with in a variety of ways.
Waxing, plucking, shaving, chemical depilation, and
bleaching are temporary methods of epilation that are
often irritating.1–3 While electrosurgical techniques including galvanic electrolysis, thermolysis, and blend methods may provide permanent hair removal, they are time
consuming, painful, have a risk of scarring, and are impractical for large areas.4–6
To address the inadequacies of these modalities, laser-assisted hair removal was developed. The majority
of laser systems in use today employ the principle of selective thermolysis. This is the selective absorption of
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light of a particular wavelength by a specific substance
referred to as a chromophore, in this case, melanin.7
Selective damage also requires delivering energy in a
time period equal to or less than the thermal relaxation
time (TRT) of the chromophore. TRT is defined as the
time needed for an object to cool after absorbing heat.8
If heat is delivered faster than the chromophore can cool,
the substance becomes hot relative to its environment
and is destroyed. Conversely, if heat is delivered slower
than the target can cool, heat is transferred to the surrounding environment.
Cooling of the epidermis with ice,9 cooled gel layers,10 cooled glass chambers,11 actively cooled sapphire
windows,12 or pulsed cryogen sprays can minimize heat
transfer to the surrounding environment. Cooling can
also minimize epidermal injury from melanin absorption, which tends to occur in those of higher Fitzpatrick skin types.13–16
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The long-pulsed ruby,17–23 long-pulsed alexandrite,24–30
and long-pulsed diode lasers, intense pulsed light,31,32 and
long-pulsed Nd:YAG lasers are all accepted photothermolytic systems for hair removal.33–39 Recent studies suggest that the longer wavelength of the Nd:YAG
laser, with its decreased absorptive affinity for epidermal melanin, may provide the advantage of deeper
penetration into the dermis. This enables the energy to
reach the hair bulb or bulge region with the possibility
of lethal follicular damage.37,39 However, the long-pulsed
Nd:YAG laser’s optimal pulse width and fluence parameters used to provide deep penetration and follicular
destruction still need to be better defined.
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One laser treatment session was performed and evaluations were undertaken before (P), immediately (IR), 1 week
(1W), 1 month (1M), and 3 months (3M) after treatment.
Patient discomfort during treatment was assessed on a numeric scale (0  no pain, 1  mild, 2  moderate, 3  severe,
4  extreme). Acute reactions were observed immediately after treatment and adverse events were evaluated immediately,
1 week, 1 month, and 3 months after treatment (0  none, 1 
trace, 2  mild, 3  moderate, 4  severe). The patient and
two physicians assessed hair reduction at 3 months (0 
none, 1  fair, 2  good, 3  excellent).
A digital camera captured images at baseline and at all
follow-up intervals. Standard photographic protocols with
standardized equipment and lighting were utilized. Hair counts
were undertaken from the digital images at P, IR, 1W, 1M, and
3M after treatment.

Materials and Methods
Laser

Calculations and Statistics

A 30 W Nd:YAG laser was used with an 8 mm handpiece,
pulse durations of 25–50 msec, fluences of 50–80 J/cm2, and
a pulsed cryogen spray cooling system.

Because treatment areas were small, absolute hair numbers
rather than the percentage of hair loss are presented in this
study. Subsequently multivariate regression analysis was used
to determine the significance of mean hair reduction in the
treatment groups while controlling for changes over time that
occurred in the control groups. A t-test, two samples assuming equal variances, was performed to statistically analyze
the patient and physician assessments.

Patient Selection
Twenty-two patients (17 women, 5 men) with a mean age of
46 years (range 22–70 years) were enrolled. Eighteen subjects were Fitzpatrick skin type II, three subjects were Fitzpatrick skin type III, and one subject was Fitzpatrick skin type
I. Treatment sites included 14 lower extremities, 5 backs, and
3 axillae.
For inclusion in this study, patients had to be between
the ages of 21 and 70 years, with unwanted dark hair covering a body area of 12 cm  2 cm. Patients were excluded for
light hair, suntanned or artificially tanned skin, active localized or systemic infection, immunocompromised status, a coagulation disorder, or photosensitivity. Current use of gold therapy, chemotherapy, or anticoagulants including heavy aspirin
therapy, previous laser, light, or electrolysis treatment to
the proposed treatment site within 6 months, and isotretinoin use within 1 year prior to the study were also exclusion
criteria.

Results
Prior to treatment there was no significant difference
in mean hair counts between the control and treatment
sites. Immediately after treatment there was a statistically significant regression-adjusted mean absolute hair
reduction of 8.5, 11, and 12 hairs in treatment sites 1–3,
respectively (all P  .001). At 1 week, the three treatment sites had mean absolute hair reductions of 6.3 (P 
.001), 9.0 (P  .001), and 10 (P  .001), respectively. At
1 month, the treatment sites had mean absolute hair reductions of 12, 14, and 15 (all P  .001), respectively.
At 3 months (Figures 1–3), mean absolute hair reductions were statistically significant at site 2 (7.7 hairs,

Procedure
Patients were instructed not to shave the designated 12 cm 
2 cm study area for 1 week prior to treatment and throughout the duration of the study. This area was divided into four
adjacent 3 cm  2 cm sites (sites 1–3 and control). The control site was not treated, while the three treatment sites each
received a single laser treatment. Treatment site 1 received 50
J/cm2 with a 25-msec pulse duration, site 2 received 60 J/cm2
with a 50-msec pulse duration, and site 3 received 80 J/cm2
with a 50-msec pulse duration. These parameters were considered low, medium, and high settings, respectively. Most patients were treated with cryogen cooling. Cryogen cooling settings were set at 10 msec of precooling, 5 msec of postcooling
delay, and 10–20 msec of postcooling.

Figure 1. Regression-adjusted changes in mean hair counts over
time after one treatment with the cryogen-cooled long-pulsed
Nd:YAG laser.
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rated as moderate. Other acute reactions that increased
with higher parameters included erythema, perifollicular edema, edema, and hair singeing (Figure 4). Immediate purpura, bleeding, blistering, crusting, or pigmentary
changes were not observed. Patients were also assessed for
adverse reactions at 1 week, 1 month, and 3 months after
treatment. At 3 months, the only side effects observed, hyperpigmentation (n  2) and erythema (n  2), occurred in a subgroup of patients who had been treated
without cryogen spray.

Discussion

P  .014) and site 3 (6.6 hairs, P  .042), but not at
site 1 (4.7 hairs, P  .079).
There was a peak in mean hair reduction at 1 month
after treatment for all three treatment sites (Figure 1).
For the control sites immediately after treatment, at 1
week, 1 month, and 3 months after treatment, there was
no decrease in mean absolute hair counts. The evaluating physicians judged improvement at 3 months to be
between none and fair for the first two sites, and between fair and good for the third treatment site. There
was no statistically significant difference between the
patient and physician assessments at 3 months.
All patients reported some discomfort during treatment that increased with higher settings (increased fluence and longer pulse duration). On average, pain was

Effective laser-assisted hair removal depends on the
principles of selective thermolysis and thermal relaxation time. There is a complex interaction between the
selective absorption of light of a particular wavelength
by the absorbing chromophore and the subsequent
distribution of that energy. Laser-emitted wavelength,
fluence, pulse duration, and epidermal cooling are all
relevant parameters in this interplay. Ideal parameters
have yet to be optimized.
Our data and physician and patient assessments
demonstrated a trend toward increased hair reduction
with higher fluences (60–80 J/cm2) and longer pulse
widths (50 msec). At these higher parameters there is
also greater patient discomfort and more risk for adverse effects. It should be noted, however, that patients
did not use any form of anesthetic on the treatment
area. Epidermal cooling is an essential component of
laser-assisted hair removal. There is substantial benefit
from pre- and postlaser cooling in preventing adverse
effects, as evidenced by the subgroup of patients who
were treated without cryogen spray.

Figure 3. Control and three treatment sites 3 months after treatment. Note that the greatest improvement was at 60–80 J/cm2 and
50 msec.

Figure 4. Acute reactions in the control and three treatment groups
immediately after laser treatment.

Figure 2. Control and three treatment sites before treatment. Site
1 parameters were 50 J/cm2, 25 msec; site 2 parameters were 60
J/cm2, 50 msec; site 3 parameters were 80 J/cm2, 50 msec. C represents the untreated control site.
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A peak in mean hair reduction occurred 1 month
after treatment; between 1 month and 3 months, hair
reduction decreased (Figure 1). This is consistent with
what has been seen in other laser hair removal studies.40–42 Multiple sessions at such higher fluences and
longer pulse durations may be required for longer-term
hair removal.
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Conclusion
Optimal hair reduction with the cryogen spray-cooled
long-pulsed Nd:YAG laser was achieved at higher fluences (60–80 J/cm2) and longer pulse durations (50
msec). These high settings are safe and effective when
appropriate cooling is provided. Multiple sessions at
these parameters should be studied in the future and
evaluated for long-term hair removal.
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Commentary
This study supports the fact that hair reduction can be achieved
with long-pulsed Nd:YAG laser irradiation. However, it fails to
show what it concludes: a trend toward increased hair reduction with the use of higher fluences and longer pulse durations.
Only the former assertion (higher fluence yielding better hair
removal) was demonstrated, which is in concert with the findings of others.27,41,42 Thus, while one of the study’s objectives
was to determine the optimal parameters for hair removal, it
falls short of accomplishing this goal, based in large part on the
fact that independent adjustments of fluence and pulse duration
were not made. In addition, it is difficult to reach valid conclu-

sions regarding treatment efficacy based on a single treatment
session with limited posttreatment follow-up, particularly since
it is known that several laser sessions are generally necessary to
effect long-term hair removal (more than 6–12 months). There
is no question that the authors’ scientific objectives were worthy, but further investigation is needed in order to define the
best treatment protocol for laser-assisted hair removal.
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