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Background and Objectives: Varieties of laser and
light sources have been tried for treatment of alopecia
areata (AA) and some success has been reported. To
assess the effectiveness of 1,540 nm fractional erbium‐
glass laser in treatment of AA.
Study Design/Materials and Methods: The patches of
AA were divided into two groups, the study group (I)
underwent six sessions of laser therapy at weekly interval
with topical minoxidil solution applied twice daily for 6
weeks, while group (II), the control group was received
only topical minoxidil solution. The patches were eval-
uated objectively (hair count and percentage of regrowth)
and subjectively (patient satisfaction) at the end of follow‐
up period (another 6 weeks).
Results: The percentage of hair increment between pre‐
treatment and follow‐up period was 30% for study patches
versus 6.45% for control patches. Regarding the percen-
tage of growth, the response rate for study patches was
60% versus 16% for the control.
Conclusions: Erbium‐glass laser seems to be effective in
regrowing hair in AA. The durability of the response is
unknown. Possible mechanisms of improvement include
the induction of a thermal effect on papillary dermis,
which stimulates hair regrowth, or an immunological
effect on the follicle. In addition, the erbium‐glass laser
may enhance the delivery of minoxidil solution. Lasers
Surg. Med. © 2019 Wiley Periodicals, Inc.
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INTRODUCTION

Alopecia areata (AA) is a chronic inflammatory disease
that involves the hair follicle and sometimes the nails.
Current evidence indicates that hair follicle inflammation in
AA is caused by a T‐cell‐mediated autoimmune mechanism
occurring in genetically predisposed individuals [1]. AA is
characterized by rapid and complete loss of hair in one or
more round or oval patches, typically 1–5 cm in diameter,
usually on the scalp, bearded area, eyebrows, eyelashes, and
less frequently, on other hairy areas of the body [2]. The
etiology is still unknown. An interaction between genetic, T‐
cell mediated autoimmune mechanism, and environmental
factors may trigger the disease [1,3].

AA generally presents as an anagen effluvium, with an
inflammatory insult to the hair matrix resulting in
tapering of the hair shafts, and resulting in fracture of
anagen hairs as the hair miniaturizes or converts from
anagen to telogen, the remaining lower portion of the hair
rises above the level of the scalp producing the exclama-
tion point hair [2].

Laser treatment emerges as a promising potential for
the treatment of AA. Wound healing is, for unknown
reasons, sometimes associated with hair growth. These
observations led them to question what type of laser
might be most suitable for proper wounding and hair
growth. By producing microscopic thermal injury zones,
fractional lasers may cause increased hair growth via a
wound healing process [4]. The 1,540‐nm erbium‐doped
phosphate glass laser is a mid‐infrared‐range laser that
has also been used for amelioration of fine facial rhytides
and atrophic facial scars [5].

PATIENTS AND METHODS

This was an interventional, case‐control, single‐blinded,
comparative study that was conducted at Al‐Sader
Teaching hospital, Najaf/Iraq, and the Laser treatments
were done in Laser research unit/Faculty of medicine/
University of Kufa during the period extending from
October 2016 to October 2017. All patients agreed on
written consent, after explaining the nature of the trial,
the nature of disease, the possible causes, prognosis, the
method of treatment, duration of follow‐up, and the
possible complications.

Thirty‐five patients were enrolled in the study; five of
them were loss to follow‐up. So, 30 patients with two
patches of alopecia (60 patches) completed the study, 18
patients were males (60%) and 12 patients were females
(40%). The AA was diagnosed clinically. For all selected
patients who had two patches, one patch was treated by
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laser and minoxidil solution as a study patch, while the
other patch was left as a control with treatment by
minoxidil solution alone.
Accordingly, the patches were divided into two groups,

group (I) includes 30 patches treated with laser and
minoxidil solution and group (II) include 30 patches
treated only with minoxidil solution.
Inclusion criteria:

• Good general health.
• Patients with two patches.
• Duration of disease: up to 3 months.
• Not received any previous treatment.
• Site: scalp and beard area.

Exclusion criteria:

• Any active skin infection in the scalp area or scarring.
• Pregnancy.
• Pacemaker.
• Patients have chronic dermatological conditions (ecze-

ma, psoriasis) of the scalp.
• Positive family history of AA.
• Alopecia totalis, universalis, ophiasis, sisaipho, Down’s

syndrome with AA, diabetic patients were excluded
from the study.

Patients᾿ selection was performed in the outpatient
clinic for all who met the inclusion criteria. A detailed
history was obtained from each patient concerning the
following: age, sex, history of emotional stress, duration of
AA, prior history of AA, personal or family history of the
same condition, and atopy or other autoimmune disor-
ders, for example, vitiligo, connective tissue diseases,
diabetes mellitus, lichen planus, thyroid diseases, and
ulcerative colitis.
Each patient was examined for the following: site, size,

number, exclamation mark, and hair and nail changes
(pitting, ridging, mottled lunula, Beau’s line, and others).
Then one patch was selected to be in a group (I) and the
other patch in the group (II). A photograph was taken for
each patch for comparison with subsequent photographs
during treatment and follow‐up. Sony‐Digital, high
sensitivity, 8 megapixels, took photographs DSC‐W30 still
camera, at the same place, distance, and illumination.

The Laser System

Non‐ablative fractional 1540 nm erbium‐glass laser
(Quanta System S.P.A. DNA Laser Technology, Milan,
Italy) was used with the following parameters: flat tip,
1 Hz frequency, 7 milliseconds pulse duration, spot size
8mm, energy MTS ( microthermal spot) as 8.1mJ and
440.9 J as total energy with 300 μm estimated depth. The
provided pulse energy per unit area for each patient and
each session of treatment was the same.
For the procedure, the patient was instructed to lie

supine on the couch and to wear eye protective googles.
The laser therapy was performed without local anesthesia
with an air cooling system. The whole patch was treated
in a sequence with two passes. The laser probe was in

contact with the skin. The time of session differs from one
patient to another according to the size of the patch. All
patients were assessed every session for any adverse
effects such as itching, scaling, and erythema.

All patches in group (I) underwent six sessions of laser
therapy at weekly interval with topical minoxidil solution
(2% minoxidil for women and rogaine® 5% minoxidil for
men) application twice daily for 6 weeks, also, then the
patients were instructed to return for follow‐up after 6
weeks of the last treatment for evaluation while the
patches in group (II), which was the control group
received only topical minoxidil solution (2% minoxidil for
women and 5% minoxidil for men) twice daily for 6 weeks
and then returned for evaluation after another 6 weeks.

Evaluation

The patient’s response was assessed objectively and
subjectively by the following methods.

Objective methods, which included.

(1) Hair count was obtained by calculating the hairs
number within one square centimeter(1 × 1 cm2) space
(marked with a green medical non‐permanent pen
using aseptic technique). A photograph was taken
from the patch centered over the market square, then
the photograph magnified four times by using a gimp
photo editor program (Version 2.8.2 August 2014). The
hair counting was carried out two times to confirm the
accuracy of the data.

(2) The percentage of regrowth was estimated by compar-
ing the photographs obtained during the period of
treatment and follow‐up visit. These photographs
were assessed by two Board‐certificated dermatolo-
gists and the hair regrowth was divided into four
discrete grades according to the changes in the area of
the patch.

1. Grade 1: <25% (Noticeable)
2. Grade 2: 25–50% (Moderate)
3. Grade 3: >50–75% (Obvious)
4. Grade 4: >75% (Marked)

Subjective method. Patient satisfaction: 4th
level: Patient satisfaction with laser treatment in terms
of hair regrowth was documented on linear analog scales,
which is a 10‐point scale, in which the patients give a
number that represent the satisfaction; the higher value
indicates greater satisfaction, 0= not at all satisfied and
10= extremely satisfied.

Statistical analysis. The information was statistically
described in terms of mean, range, standard deviation (±SD),
and frequencies (number of patches and cases) and relative
frequencies (percentages). t Test and Bonferroni test were
used. A P< 0.0505 were considered significant. All statistical
calculation were performed using computer statistical
programs SPSS version20 (Statistical Package for the
Social Science; SPSS Inc., Chicago, IL).
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RESULTS

Thirty patients with AA with (60) patches, who
completed the study were evaluated during both the
treatment and follow‐up period. They were 18 (60%)
males and 12 (40%) females. Their ages ranged from 10 to
40 years with a mean± SD of 26.13± 8.320 (Table 1).
In the treatment group, the mean change in hair

count increased over time, from a mean and SD of
8.4667± 4.63669 at pre‐treatment to 9.3000± 4.67680
post‐treatment, and to 10.9667± 4.83153 at follow‐up.
The mean change in hair count over time was statistically
significant (P= 0.001) by using Bonferroni effects.

In the control group; the mean change in hair count
shows no improvement over time where the mean and SD
of pre‐treatment was (7.2333± 4.84009), post‐treatment
(7.4000± 4.58333), and follow‐up (7.7000± 4.44235).

The change was statistically insignificant (P= 0.189) by
using Bonferroni effects (Table 2).

Comparison between study and control patches in mean
changes of hair count have shown no significant statistical
differences in pre‐treatment (P= 0.318) and post‐treatment
(P= 0.088) with significant statistical differences in mean
changes of hair count during the follow‐up time between
study patches and control patches (P= 0.02) (Table 2).

In the study patches, the difference and percentage of
hair increment between pre‐treatment and post‐treat-
ment were (0.8333) and (9.84%), respectively.

The difference and percentage of hair increment
between pre‐treatment and follow‐up were (2.5) and
(30%), respectively. The difference and percentage of hair
increment between post‐treatment and follow‐up were
(1.6) and (17.92%), respectively (Table 3).

In the control patches, the difference and percentage of
hair increment between pre‐treatment and post‐treatment
were (0.1667) and (2%), respectively. The difference and
percentage of hair increment between pre‐treatment and
follow‐up were (0.46) and (6.45%), respectively. The difference
and percentage of hair increment between post‐treatment
and follow‐up were (0.3) and (4%), respectively (Table 3).

TABLE 1. The Demographic Data of the Study

Parameter Frequency Percent

Gender
Male 18 60
Female 12 40
Total 30 100

Age
Minimum 10 years
Maximum 40 years
Mean 26.13 years
Standard deviation 8.320 years

TABLE 2. Hair Count Pre‐Treatment, Post‐Treatment With 1,540 nm Fractional Erbium‐Glass Laser, and Follow‐
Up Time Between Study and Control Patches

Study patches (mean± SD) Control patches (mean± SD) P value

Pre‐treatment 8.4667± 4.63669 7.2333± 4.84009 0.318
Post‐treatment 9.3000± 4.67680 7.4000± 4.58333 0.088
Follow‐up 10.9667± 4.83153 7.7000± 4.44235 0.02
P value 0.001 0.189

TABLE 3. The Difference and Percentage of Hair Count Increment Pre‐Treatment and Post‐Treatment With
1,540 nm Fractional Erbium‐Glass Laser Between the Study Patches and Control

Comparison between pre‐treatment and post‐treatment

Pre‐treatment mean± SD Post‐treatment mean± SD Difference No. Increment %

Study patches 8.4667± 4.63669 9.3000± 4.67680 0.8333 9.8
Control patches 7.2333± 4.84009 7.4000± 4.58333 0.1667 2.3

Comparison between pre‐treatment and follow‐up

Pre‐treatment mean± SD Follow‐up mean± SD Difference No. Increment %

Study patches 8.4667± 4.63669 10.9667± 4.8315 2.5 30
Control patches 7.2333± 4.84009 7.7000± 4.44235 0.46 6.45

Comparison between post‐treatment and follow‐up

Post‐treatment mean± SD Follow‐up mean± SD Difference No. Increment %

Study patches 9.3000± 4.67680 10.9667± 4.8315 1.66 17.92
Control patches 7.4000± 4.58333 7.7000± 4.44235 0.3 4
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Percentage of regrowth:

In the study patches, the mean changes in the
percentage of regrowth improved over time where the
mean and SD of pre‐treatment was (21.83± 13.8), post‐
treatment (26.91± 15.61), and follow‐up (31.11± 18.40).
The mean changes in the percentage of regrowth over
time were statistically significant (P= 0.002) by using
Bonferroni effects.
In the control patches, the mean changes in the

percentage of regrowth show no improvement over time
where the mean and SD of pre‐treatment was
(19.28± 13.00), post‐treatment (20.98± 13.65), and fol-
low‐up (23.53± 14.20), respectively. The changes were
statistically insignificant (P= 0.078) by using Bonferroni
effects. The mean changes in percentage regrowth of
study and control patches (Table 4).
Comparison between study and control patches in mean

changes of percentage regrowth have shown no significant
statistical difference in pre‐treatment (P= 0.475) and
post‐treatment (P= 0.130) with significant statistical
differences in mean changes of the percentage of regrowth
during follow‐up time between study patches and control
patches (P= 0.032) (Table 4).
In the study patches, the response rate was 20% and

60% after 6 and 12 weeks, respectively. In the control
patches, the response rate was 6% and 16% after 6 and 12
weeks, respectively (Figs. 1 and 2).
Patient satisfaction in post‐treatment time was not

improved in both study and control patches where the
mean of patient satisfaction score of study patches was
(2.600± 0.968) and the mean of control patches’ score was
(2.533± 1.136) without a significant statistical difference
(P= 0.808) between the groups. In follow‐up time patient’s
satisfaction was improved in study patches where the
mean of patient’s satisfaction score of study patches was
(4.766± 1.755) and the mean of control patches was
(2.866± 1.195) with a significant statistical difference
(P= 0.001) between the groups.
No significant adverse effects developed and the laser

treatment was tolerated by most of the patients. Burning
sensation developed in six (20%) patients in study
patches, erythema developed in two (6.6%) patients in
study patches. Itching developed in three (10%) in study
patches and in two (6.6%) in control patches.

DISCUSSION

The fractional erbium‐glass 1,540 nm is a newly
presented laser treatment that produces many micro-

scopic thermal injury zones of controlled width, depth,
and density that permit rapid repair of laser‐induced
thermal injury [5,6]. Non‐ablative laser promotes drug
delivery via thermal effect. Exposure of the skin to
photomechanical waves leads to the expansion of the
extracellular space up until the deeper layers of the
stratum corneum, nevertheless the stratum granulosum
remains unchanged [7].

The purpose of this study is to determine the efficacy
and safety of 1,540 nm erbium‐glass laser in the treat-
ment of AA. There are no similar studies to this study for
comparison.

Landa et al. [6] conducted case report of treatment of
five patients with patchy AA localized in the scalp, one
with a patch in the eyebrow and other in the beard. Three
of those patients had been treated with intralesional
corticosteroid or topical minoxidil while the other two
patients did not receive any treatment.

All of the five patients were treated with non‐ablative
1,550 nm erbium‐glass fractional laser (Fraxel; Solta
Medical) with two to three sessions, the interval between
sessions ranged from 3 to 6 weeks. The parameters used
as fluence vary between 30 and 45mJ/cm2, 6–8 density
and 8–10 passes without local anesthesia and cool air as a
cooling system. All patches showed response 50–75% in
the first month and >75% at 3 months. In the present
study, the response was 20% and 6% at 6th week in the
group (I) and group (II), respectively, while the response
was 60% and 16% at the 12th week in the group (I) and
group (II), respectively. The lower energy transmitted and
less number of passes may have led to less response rate.

Ohtsuki et al. [8] conducted a clinical trial on 16
patients with single and multiple AA. All patients were
treated with 308 nm excimer lamp (VTRAC®; PhotoMe-
dex, Inc. Montgomeryville, PA, USA) in four sessions, once
every two weeks. The initial dose of irradiation varied
between 150 and 200mJ/cm2 with spot size 18.9 cm2.
Treatment with dose increment of 50 mJ / cm 2 were
provided up to once every two weeks until fine erythema
appeared. Hair regrowth was documented in 86% of single
AA patients with regrowth involving >50% of lesional
areas and 67% of multiple AA patients showed regrowth
in >50% of lesional areas. In the present study, different
laser type with low energy radiation had been resulting in
less response rate than that of 308 nm excimer lamp.

Al‐Mutairi [9] assessed the efficacy of 308‐nm Excimer
laser in the treatment of AA in children where nine
children with 30 recalcitrant patches of AA and two
children with alopecia totalis were enrolled in this study,

TABLE 4. Percentage Regrowth Pre‐Treatment, Post‐Treatment With 1,540 nm Fractional Erbium‐Glass Laser,
and Follow‐Up Time Between Study and Control Patches

Time of evaluation Study patches (mean± SD) Control patches (mean± SD) P value

Pre‐treatment 21.83± 13.8 19.28± 13.00 0.475
Post‐treatment 26.91± 15.61 20.98± 13.65 0.130
Follow‐up 31.11± 18.40 23.53± 14.20 0.032
P value 0.002 0.78
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aged between 4 and 14 years. The lesions were treated
with the 308‐nm Excimer laser twice a week for a period
of 12 weeks. Regrowth of hair was seen in (60%) of
alopecia patches in the scalp, while there was no response
in the control patches. In the present study, the results

were comparable despite different laser type and a
different number of sessions.

Waiz et al. [10] conducted a study on 16 patients with 34
patches of AA. All patients treated with pulsed infrared
diode laser on four sessions at 1‐week interval. The

Fig. 1. A 20‐year‐old male with alopecia areata. (A) study patch—pre‐treatment with 1,540nm
fractional erbium‐glass laser, (B) study patch‐follow up, (C) control patch pre‐treatment, the use of a
1,540nm fractional erbium‐glass laser, (D) control patch follow‐up. [Color figure can be viewed at
wileyonlinelibrary.com]

Fig. 2. A 10‐year‐old female with alopecia areata. (A) Study patch—pre‐treatment with 1,540 nm
fractional erbium‐glass laser (B) study patch follow‐up (C) control patch‐ pre‐treatment the use of
a 1,540 nm fractional erbium‐glass laser (D) control patch follow‐up. [Color figure can be viewed
at wileyonlinelibrary.com]
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response rate was 94% in the study patches and no
response was observed in the control patches. The present
study showed that less response rate may be due to
different laser type.
Abdelhalim [11] conducted a study of low level laser on 23

patients with two or more AA of the scalp, one patch was left
as a control. The study patches received [11] sessions of low
level laser therapy, three sessions per week for 1 month with
a dose of 1.5 J/cm2. Each subject received three sessions per
week for 1 month and 2 months as a follow‐up time. The
author concluded that there was greater improvement in hair
count from the pre‐treatment, post‐treatment, and follow‐up
time (18.79± 8.84, 37.93± 16.48, 41.48± 17.3, respectively)
where P< 0.001 and reduction in the visual analog scale of
hair loss in study patches underwent low level laser therapy
(LLLT) compared with control patches. In the present study,
the results were comparable.
The advantages of fractional 1,540 nm erbium‐glass

laser system over the other types of the laser are regular
penetration depth and wound size; wounds are small and
invisible, without bleeding and cause less damage to
terminal hairs. The hair regrowth by laser was reliant on
the level of energy and irradiation interval [12].
In fractional lasers, the light sources produce radiation

in micro‐fractional bands or columns of light that
penetrate the dermis and generate heat. The epidermis
gets minimal damage that is recovered within days; this
advantage makes fractional laser superior to other types
of laser. Another advantage is that fractional laser has no
affinity for melanin, so it cannot produce hair ablation
[12,13]. Following the non‐ablative fractional laser irra-
diation; there is a photomechanical waves induced
functional disruption of the stratum corneum and this
will enhance the drug delivery. There was no true ablation
of the stratum corneum; however, histologically undetect-
able transient loosening of this layer may occur with non‐
ablative laser treatment [14]. Fractional laser penetration
up to 3–4mm to the level of dermal papilla where the
capillaries surround the germ cells of hair [15]. The
fractional laser may work through inducing T‐cell apop-
tosis and wounding that enhance blood flow and enhance
telogen to anagen transition [12,13].
During the clinical trial of minoxidil (which is a

piperidinopyrimidine derivative and a powerful vasodila-
tor) as an anti‐hypertensive in the late 1960s, patients
started getting hairy [16]; this encourages the researcher
to study the effects of minoxidil in hair regrowth.
In animal studies, topical minoxidil shortens telogen,

causing premature entry of resting hair follicles into
anagen, and it probably has a similar action in humans.
Minoxidil may also cause prolongation of anagen and

increases hair follicle size [17,18]. It inhibits lysyl hydro-
xylase in cultured human fibroblasts and acts as K‐channel
agonist in human vascular smooth muscle [15,16]. In the
present study, low response rate of control patch to topical
minoxidil may be due to the short duration of treatment or
different types of available minoxidil brand.
Sandra et al. [19] had shown that the effects of low level

laser in AA were reinforced by topical application of

minoxidil, where they investigated hair regrowth in AA
on rat models. They compared the regrowth effects of low‐
level laser as a monotherapy or combined therapy with
topical application of Minoxidil 2%. Their results show
significant hair regrowth in groups of combined therapy of
low‐level laser and topical treatments. Multiple studies
demonstrate that non‐ablative laser pre‐treatment of the
skin can increase the permeability and depth of penetra-
tion of topically applied drug molecules for both local
cutaneous and systemic applications [20]. With respect
to follow‐up period, we need longer time to validate
durability of response.

CONCLUSION

Erbium‐glass laser seems to be effective in regrowing
hair in AA. The durability of the response is unknown.
Possible mechanisms of improvement include the induc-
tion of a thermal effect on papillary dermis, which
stimulates hair regrowth, or an immunological effect on
the follicle. In addition, the erbium‐glass laser may
enhance the delivery of minoxidil solution.

Recommendations

(1) Further studies are needed with larger number of
patients.

(2) We recommend further study comparing between
erbium‐glass laser 1,540 nm alone versus combination
of erbium‐glass 1,540 nm with minoxidil for the
treatment of AA.
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