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Abstract
Introduction: Laser-assisted hair removal is widely used by a large number of patients complaining 
of unwanted hair. However, little is known about the effect of varying the pulse duration on clinical 
results and side effects. This study aimed to investigate the effectiveness of hair removal using an 
alexandrite laser with different pulse durations.
Methods: Fifty female patients with facial hirsutism were subjected to a hair removal procedure 
with an alexandrite laser, using 3 and 10 milliseconds pulse durations on each side of the face 
every 5 weeks for three sessions. Photographs were taken and hair counts were checked before the 
treatment and one month postoperatively.
Results: one month after the laser treatment, the clearance rate was 56% with both 3 and 10 
milliseconds pulse durations. There was not any significant difference in clinical efficacy or the side 
effect profile.
Conclusion: Using a 755 nm alexandrite laser for hair removal is an effective and safe method for 
delaying hair regrowth and this delay is not markedly different by increasing the pulse duration from 
3 to 10 milliseconds.
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Introduction
Unwanted hair growth which is seen in some pathologic 
situations such as hypertrichosis or hirsutism is one of the 
most common complaints among patients of dermatology 
clinics. Over the past decade, hair removal lasers have 
been used widely for long-term hair reduction and their 
technology has advanced very fast. In fact, the invention 
of these instruments has been a revolution in the hair 
removal industry, with many different laser systems 
currently available.1-3

Melanin, the natural chromophore of these types of 
lasers, absorbs the laser light and transforms energy into 
heat. The rate and extent of this heat are determined by 
the fluence and the duration of exposure.4 Each of the 
pulsed light sources generates different pulse durations, 
spot sizes and fluences that provide varying clinical 
responses.5 An astute clinician with a precise selection 
of these parameters can produce desired tissue injuries 
confined to the chromophore. The main targets regarding 
hair removal laser treatment appear to be the dermal 

papilla and the bulge.6

Selective thermal damage of these targets happens when 
sufficient energy density at a given wavelength which is 
superiorly absorbed by the chromophore, is released at a 
time period not longer than the thermal relaxation time 
(TRT) of the target.

Many studies have been conducted to examine the 
impact of different spot sizes and fluences on clinical 
improvement and the side effect profile of various hair 
removal lasers,7-9 but as far as we know, there are not 
too many studies for the examination of the outcome of 
treatment using different pulse durations, although this 
parameter has been shown to be important. The pulse 
duration (or pulse width) must be long enough for the 
epidermal melanin to throw away the heat and therefore 
be safe regarding thermal injury, but short enough to keep 
adequate energy in the hair follicle to destroy it.

The TRT for the epidermis is determined to be  3-10 
milliseconds in previous studies, while this value for the 
hair follicle, depending on its diameter, is about 10-40 
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milliseconds.10 
Therefore, rationally, the ideal   should be something 

between these two values.
This prospective study aimed to explore the effect of 

different pulse durations on the clinical efficacy and the 
adverse effects of laser-assisted hair removal using the 755 
nm alexandrite laser system.

Materials and Methods
Study Design
This was a single-centre, prospective clinical study that 
was conducted for 9 months from September 2018 to 
May 2019 at Razi hospital, the main dermatology-specific 
teaching hospital of our country. 

A total of 50 female subjects with facial hirsutism and 
Fitzpatrick skin types II–IV were enrolled. 

The patients with the following features were excluded 
from the study: history of hair removal treatment for 
their facial hirsutism, severe photosensitivity, keloidal 
or hypertrophic scar tendency, recent sun exposure, 
immunosuppression and pregnancy.

After an explanation of the study to participants, 
informed written consent was signed by each patient. 
Then, their demographic data were collected.
 
Clinical Evaluation and Setting
For the purpose of the study, a detailed history in regards 
to the onset of hirsutism and its rate of progression, a 
family history, a past medical history, a drug history and 
any sign of polycystic ovary syndrome (PCOS) or other 
forms of hormonal dysfunction were obtained from each 
patient in the first session. Then, areas of unwanted hair 
growth were identified and marked into two 2×2 cm facial 
regions on each side of the face. A digital camera (canon 
power shot SX-200) captured images at the baseline and 
1 month after the last laser treatment utilizing standard 
equipment and lightening.

The patients were instructed not to shave or remove 
hair from the treatment area for at least 1 week prior to 
the treatment and also asked to avoid waxing, threading, 
bleaching or plucking hairs for at least one month before 
the initiation of the study. No special preoperative topical 
skin lightening agents or other skin care products were 
prescribed.

On each treatment session, the face was rinsed with 
water and dried. No topical anesthesia was used. Hair-
bearing quadrants were trimmed or shaved to obtain a 
hair shaft shorter than 1 mm above the skin surface.

The treatment was initiated with safe parameters in 
a conservative manner, especially in darker skin types: 
Using the manufacturer’s -recommended methods and 
settings, one side of the face of each patient (randomly 
determined) was treated with 10-millisecond pulse 
duration and the other side with 3-millisecond pulse 
duration with an alexandrite laser (Gentlemax Pro®, 
Candela™, USA).

Other parameters (Fluence, DCD at 40/30, spot size of 
18 mm and repetition rate of 1 Hz) were the same for both 
sides of the face.

The treatment started with 14 J/cm2 for skin type II, 13 
J/cm2 for skin type III and 12 J/cm2 for skin type IV. In the 
next sessions, fluence decreased or increased by 1 J/cm2 
according to the presence of side effects as well as patient 
tolerance. We achieved our desired results with fluences 
ranging from 14 to 18 J/cm2.

The subjects underwent three treatment sessions at 
regular time intervals of 5 weeks.

The number of regrowing hairs was counted by a 
physician and the clearance rates were determined with 
regards to the presence of hair reduction by the visual 
analogue scale (VAS) as follows:

 Patients without any change, and a clearance rate of less 
than 25%, 25% to <50%, 50% to 75% and more than 75%.

An effective treatment was defined as achieving a hair 
reduction of more than 50%.

The occurrence of any adverse effects including 
erythema, hypo- or hyperpigmentation and scarring was 
documented as well.

Statistical analysis was performed using SPSS, version 
23. A  P value < 0.05 was considered significant. Chi-square 
and McNemar’s tests were used to show correlations.

Results
Patient Characteristics
Fifty female patients with facial hirsutism, whose ages 
ranging from 20 to 59 years (mean: 34.7 years), completed 
the study. 6% (n=3) of the patients had skin type II, 64% 
(n=32) had skin type III and 30% (n=15) had skin type IV.
Sixteen percent of the subjects had a previous history of 
PCOS and 84% did not have any history of PCOS or other 
hormonal disorders. None of the patients discontinued 
the treatment over the course of the study.

On the basis of hair density recorded at the beginning 
and one month after the last treatment session, we found 
that 96% of the subjects showed some degrees of hair 
reduction with 3 milliseconds pulse duration and 94% 
with 10 milliseconds pulse duration (Table 1). Effective 
treatment (defined as clearance rate higher than 50%) was 
seen in 56% of patients with both pulse durations (Figure 
1).

Table 1 shows the number of patients in each group 
(based on the rate of hair reduction) with 3 and 10 

Table 1. The Clearance Rate With 3 and 10 Milliseconds Pulse Durations

Clearance Rate (%) With 3 msec With 10 msec P Value

0% 4% 6% 1.000

0-25% 6% 6% 1.000

25-50 % 34% 32% 1.000

50-75% 42% 40% 1.000

75-100% 14% 16% 1.000
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milliseconds pulse duration (PD) respectively. The 
difference between 3 and 10 milliseconds pulse durations 
on each group was not statistically significant (P value for 
each group: 1.000).

We also compared the efficacy of the treatment 
with these two pulse durations in PCOS versus non-
PCOS subjects. Using the chi-square test, we found no 
significant difference between PCOS and non-PCOS 
patients with 3 and 10 milliseconds (P value: 0.441 and 
1.000 respectively).

Based on Fitzpatrick skin phototypes, we found that the 
clearance rate >50% was seen in 40% of the subjects with 
skin type IV and 42% of the subjects with skin type  II or 
III with a 3 milliseconds pulse duration (P value = 0.851) 
(Table 2).

With a 10 milliseconds pulse duration, the clearance 
rate higher than 50% was achieved in 33% of the subjects 
with skin type IV and 42% with skin type II or III (P value 
= 0.529). There were no adverse events noted during the 
course of the study.

Discussion
One of the most effective methods for delaying the growth 
of unwanted hairs is the use of a 755 nm alexandrite 
laser.5 The selective photothermolysis principle predicates 
the selective thermal damage of a chromophore by light 
and it is the mainstay of a safe and effective treatment 
using different types of lasers. Therefore, first of all, we 
should determine the important targets, and regarding 
hair removal, the main target sites appear to be the 
germinative cells of the hair, matrix and papilla or bulb 
and/or the follicular stem cells detected next to the erector 
pili muscle or bulge.11 Laser irradiation with appropriate 
fluence, released at a given wavelength and within a 
time duration not longer than the TRT of the target, 
preferentially absorbed by the target chromophore.7 
At longer pulse durations, greater tissue injury must be 
expected with wide targets including hair follicles, because 
there is enough time for the laser beam to be absorbed by 

the targets.5 So theoretically, for the best outcome, pulse 
duration would be in a range between the TRT for the 
epidermis (3-10 milliseconds) and that for hair follicles 
(10-100 milliseconds for hair follicles 100-300 µm in 
diameter).12,13

The alexandrite laser is available with a pulse duration 
from 2 to 40 milliseconds depending on the manufacturer. 
In our study, the pulse durations were 3 and 10 milliseconds 
which are at or near the TRT of the epidermis which let 
the epidermis be spared during air cooling.

Several studies show the effectiveness of the alexandrite 
laser with different pulse durations in hair removal. A 
study by Finkel et al14 showed a good outcome in the 
treatment of hypertrichosis on the whole body with 
the long-pulsed 2 milliseconds alexandrite laser. In a 
similar study by Raulin and Greve,15 the alexandrite 
laser with longer pulse widths was used and proved 
to be a good method of treating unwanted hairs. Their 
patients achieved an average clearance rate of 75% after 
an average of 8 treatments of facial hirsutism. However, 
just a few studies have compared the effect of different 
pulse durations on the effectiveness of the alexandrite 
laser. To the best of our knowledge, this is the first split-
face controlled clinical trial that evaluated the effect of 
increasing the pulse duration on alexandrite laser efficacy 
in Asian skin and also investigated the impact of having a 
PCOS history on the treatment outcome. 

According to theoretical considerations, an alteration 
in pulse width should change both results and side effects. 
For instance, the elongation of PD might induce less 
destruction to the epidermal melanosomes in contrast 
with shorter PDs, because small targets such as epidermal 
melanosomes are more vulnerable to damage by short 
pulses. Ataie-Fashtami et al simulated the effect of various 
laser parameters on heat distribution and the thermal 
damage pattern of hair and epidermis and found that 
longer PDs were associated with less epidermal thermal 
damage, but an excessive increase in PD was accompanied 
by unwanted thermal damage to the adjoining dermis. 
They suggested using a diode laser with longer PDs up 
to 400 milliseconds in order to reach the best clinical 
results along with avoiding side effects.16 In regard to the 
relationship between PD and clinical results, contrary 
to theoretical considerations, our study showed that 
the prolongation of PD on the long-pulsed alexandrite 
laser does not necessarily lead to better results. In other 
words, the impact of pulse duration on clinical outcome 

 

Figure 1. The Clearance Rate > 50% with 3 and 10 Milliseconds Pulse Durations 1 Month After the Treatment (P 
value: 1.000) 
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Figure 1. The Clearance Rate > 50% with 3 and 10 Milliseconds 
Pulse Durations 1 Month After the Treatment (P value: 1.000)

Table 2.  The Efficacious Treatment Rate on Each Pulse Duration According 
to Skin Type

Clearance Rate >50%
P Value

Skin Type II or III Skin Type IV

PD: 10 msec 42% 40% 0.851

PD: 3 msec 42% 33%
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of hair removal treatment with alexandrite laser may 
be less than expected before.  In fact, the results of our 
study are consistent with some previous studies using 
different PDs. Nanni et al examined the effect of PD on 
the clinical results of the long-pulsed alexandrite laser on 
hair removal of different regions of the body using 5, 10 
and 20 milliseconds pulse widths. Their results revealed 
no significant difference in the clinical improvement rate 
and side effects.5

In another study by Boss et al, who used 2 and 20 
milliseconds PDs. Similar observations were seen in 
different body areas after a 6-month follow-up.17 In 
contrast, McDaniel et al found better results by longer 
pulse durations.18

Based on our results, hair regrowth at one month after 
the last session of laser therapy was not significantly 
different by raising the PD from 3 to 10 milliseconds. 
The fact that all PDs resulted in equivalent hair reduction 
may be a result of a short follow-up period, Thus, further 
studies with longer follow-up durations and a larger 
sample sizes are encouraged to find out the exact effect of 
PD on the efficacy of hair removal lasers.

Although we could not detect any distinction between 
two different pulse widths (3 and 10 milliseconds) used 
in this study in terms of the safety profile, theoretically, 
the 10 milliseconds PD would be awaited to induce fewer 
epidermal injuries because of its relative sparing of tiny 
epidermal melanosomes.19 It should be borne in mind 
that a large part of this study was conducted during 
autumn and winter, which can be an important factor in 
a reduction in the incidence of sun exposure related side 
effects.

Few studies have reported a decrease in post-
inflammatory hyperpigmentation after using the 
20 milliseconds PD due to this epidermal sparing 
phenomenon at longer pulse durations.19

An interesting finding of this study was the absence of 
any difference in the hair reduction regarding the history 
of PCOS in our patients. McGill et al demonstrated 
that women with PCOS may benefit less than expected 
from laser hair removal,20 but a recent study showed 
the effectiveness of a 755 nm alexandrite laser with 3 
milliseconds pulse duration in contrast to intensed pulse 
light (IPL) in this group of women.21

Further studies should also address the question of 
whether the positive history of PCOS can affect the 
clinical outcome of hair removal treatment using different 
types of lasers. 

Finally, there was no significant difference in clinical 
response regarding skin type that is congruent with 
previous studies.2

In conclusion, the results of this study further support 
the effective and safe use of a 755 nm alexandrite laser 
with both 3 and 10 milliseconds pulse durations for hair 
removal in patients with II-IV skin phototypes. 

Despite the success of this study, some limitations must 

be considered, including a lack of devices for objective 
measurement of clinical improvement as well as a limited 
number of treatment sessions due to some financial 
issues regarding the research budget. Moreover, despite 
the fact that the number of participants in our study was 
comparable to other similar ones, enrolling more patients 
makes it easier to reach a more reliable result in regards 
to both clinical efficacy and the occurrence of adverse 
effects.

Given these limitations, further investigations with 
larger sample sizes, longer follow-ups, using devices 
to quantify the thickness of the hair or even histologic 
examination of treated sites are suggested to fully 
understand the impact of pulse width on laser-assisted 
hair removal.
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