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aluminum garnet laser for the treatment of facial benign pigmented lesions in 
Asian skin: a pilot study

Ji Yeon Honga , Sun Hye Shinb , Young Gue Kohb , Joon Seokb  and Kui Young Parkb 
aDepartment of Dermatology, chungnam national university Sejong Hospital, chungnam national university college of medicine, Sejong, Korea; 
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ABSTRACT
Background and Objectives:  Benign pigmented lesions and a general uneven tone in people with 
skin of color are growing issues that have been presented to dermatologists. To the best of our 
knowledge, this is the first controlled study to examine the efficacy and safety of using the newly 
introduced 785 nm neodymium-doped yttrium aluminum garnet (Nd:YAG) picosecond laser to treat 
facial benign pigmented lesions in Asian patients with diffractive lens array.
Materials and Methods:  A 785 nm Nd:YAG picosecond laser was used to treat 15 healthy female 
volunteers older than 18 years who had Fitzpatrick skin types II–IV and facial benign pigmented lesions. 
Each volunteer received five weekly treatments in dual modes. The clinical improvement was assessed 
by independent investigators and by objectively measuring the melanin index.
Results:  After the treatment, the melanin and erythema indices decreased, and the pigmented lesions 
showed clinical improvements. No serious adverse effects were observed during the study period.
Conclusions:  A 785 nm Nd:YAG picosecond laser may be safe and effective in treating facial benign 
pigmented lesions in Asian skin.

Introduction

Benign pigmented lesions, or a general uneven tone in people 
with skin of color, are common and growing concerns that have 
been presented to dermatologists (1). They are characterized by 
brown to grayish patches mainly in the periorbital and zygomatic 
areas on the face (2). They can not only cause significant cosmetic 
disfigurement but also have a negative emotional impact. This dis-
figuring hyperpigmentation is one of the most notable manifesta-
tions of photoaging caused by chronic exposure to the sun, 
particularly in Asian skin.

Since the first use of the Q-switched (QS) neodymium-doped 
yttrium aluminum garnet (Nd:YAG) laser for pigmentation, numer-
ous laser technologies have been used to treat hyperpigmentation 
in the cosmetic field over the past 25 years (3). Various laser modal-
ities, such as QS Nd:YAG (532 nm), QS alexandrite (755 nm), intense 
pulsed light, and QS ruby (694 nm) lasers, have been reported to be 
effective in treating pigmented lesions (4). However, Asians with 
dark skin are likely to experience postinflammatory hyperpigmenta-
tion and/or lesion worsening after receiving laser treatment (5–7).

Picosecond Nd:YAG lasers have recently become commercially 
available (8). Picosecond lasers can generate high peak powers 
and high photomechanical effects with low undesirable heat diffu-
sion into neighboring tissues owing to their short pulse duration, 
which can be as fast as 450 picoseconds in the sub-nanosecond 
range (9). This advantage makes it possible to minimize the risk of 
epidermal injury and dyspigmentation (10,11). However, there is a 
lack of controlled studies regarding the efficacy of picosecond 

lasers in treating pigmentary disorders, particularly in the Asian 
population. To the best of our knowledge, this is the first con-
trolled study to examine the efficacy and safety of using the newly 
introduced 785 nm Nd:YAG picosecond laser to treat facial benign 
pigmented lesions in Asian patients.

Materials and methods

Participants

This study involved 15 healthy female participants older than 
18 years who had Fitzpatrick skin types II–IV and had visited 
Chung-Ang University Hospital because of facial benign pigmented 
lesions. This study excluded participants who were photosensitive 
or receiving medications to induce photosensitivity, participants 
who had an active sun tan, and participants who had applied a 
laser procedure, chemical peels, or lightening creams to the treat-
ment area within the past six months. Patients who were either 
pregnant or lactating were also excluded. All participants volun-
tarily agreed to participate in this study and provided written 
informed consent. They were allowed to withdraw from this study 
at any time.

Treatment protocols

A picosecond Nd:YAG laser with a 785 nm wavelength (600 pico-
seconds, Helios IV 785™; Laseroptek, Seongnam, Korea) was used 
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in this study. No participant received topical anesthesia. The par-
ticipants received treatment in dual modes: one pass with a 
Dia-Fractional 785 nm handpiece that creates a diffractive optical 
element (DOE)-fractionated microbeam with a fluence of 0.8 J/cm2, 
a spot size of 5 × 5 mm, and a frequency of 10 Hz on the entire 
face and another pass with a 785 nm collimator handpiece with a 
fluence of 0.3–0.4 J/cm2, a spot size of 7 × 7 mm, and a frequency 
of 10 Hz on the entire face. A cooling mask was applied for 15 min 
to reduce the feeling of heating sense after laser treatment. Each 
participant received five weekly treatment sessions in total and 
was followed up four weeks after the last treatment. Throughout 
the entire study duration, patients were instructed to refrain from 
excessive sun or heat exposure, as well as from rubbing or scratch-
ing the treated areas. Additionally, they were advised to use hats, 
parasols, and broad-spectrum sunscreen with SPF 50+.

Assessment

A digital camera was used to obtain standard clinical photographs 
at the baseline, at each visit before treatment, and four weeks 
after the end of treatment. Two blinded independent dermatolo-
gists assigned scores to the photographs to determine the clinical 
improvement rates. The scale ranged from one (significantly aggra-
vated) to five (significantly improved) points. Patient satisfaction 
was assessed after the completion of all sessions (1: very unsatis-
fied, 2: unsatisfied, 3: neutral, 4: satisfied, and 5: very satisfied). Any 
adverse reactions were also assessed on each visit.

The photographs of each participant were obtained using a 
Mark-Vu® skin diagnosis imaging system (PSI PLUS, Suwon, 
Republic of Korea). The system generated photos under four differ-
ent lightening conditions: normal light, specular light, polarized 
light, and ultraviolet light. It also provided the brown and ery-
thema indices, which determined skin color. The melanin index 
skin parameter was evaluated in vivo using Mexameter MX18® 
(Courage + Khazaka Electronic GmbH, Köln, Germany).

Statistical analysis

Statistical analyses were performed using GraphPad PRISM® version 
8.0.2 (GraphPad Software Inc., San Diego, CA, USA). Repeated mea-
sures ANOVA with Bonferroni correction and Friedman’s multiple 
comparison test were used to assess changes in normally distrib-
uted variables and non-normally distributed groups, respectively. A 
paired t-test and Wilcoxon’s signed-rank test were used to com-
pare outcomes before and after treatments. The data were 

presented as mean ± standard deviation. Additionally, p-values < 
0.05 were considered statistically significant.

Results

We enrolled 15 female Korean participants in this study, and all of 
them completed the entire protocol without withdrawing. The sta-
tistical analysis comprised 15 participants with a mean age of 
51.2 ± 9.21 (range: 40–67). Twelve participants had Fitzpatrick skin 
type III, two participants had type II, and one participant had type 
IV (Table 1). All of the enrolled participants had no other medical 
history.

Clinical improvements in pigmentation

The standardized digital clinical photographs revealed clinical 
improvements in the facial benign pigmented lesions (Figure 1). In 
the eighth week, the independent dermatologists assigned an 
average score of 4.07 ± 0.59, which indicated a moderate to signif-
icant improvement in pigmentation. Moreover, 86.7% of the partic-
ipants reported being extremely satisfied with the result, with an 
average score of 4.67 ± 0.72 (Table 2).

Reduction in pigment-related skin parameters

The average melanin index value measured with the Mexameter® 
was 143.60 ± 31.74 at the baseline, but it decreased to 138.76 ± 32.15 
(p = 0.024) at the end of the treatment sessions. The average brown 
index value measured using Mark-Vu® was 22.00 ± 5.33 at the base-
line, but it decreased to 20.27 ± 4.92 after eight weeks (p = 0.029). 
The average erythema index value measured using Mark-Vu® was 
8.87 ± 3.93 at the baseline, but it decreased to 6.80 ± 3.03 on the 
eighth week (p = 0.005). All skin parameters are shown in Figure 2.

Safety issues

There were no side effects other than mild pain during the laser 
treatment and transient erythema immediately following the pro-
cedure. All transient erythema and pain resolved after the cooling 
mask application. Serious adverse effects, such as scarring, second-
ary infections, or ulceration, were not observed during any treat-
ment sessions or the follow-up period.

Discussion

Picosecond lasers were initially developed to remove tattoos 
more efficiently than traditional nanosecond domain lasers by 
breaking nano-sized tattoo ink particles that had aggregated in 
macrophages and fibroblasts (12). Recently, picosecond lasers 
with wavelengths of 755 nm, 532 nm, and 1064 nm have proven 
to be effective in removing benign epidermal and dermal pig-
mented lesions, such as solar lentigines, freckles, Ota nevus, and 
melasma, with relatively low risk of side effects (13,14). However, 
owing to the limited available studies in the literature, further 
studies are still required to determine the efficacy and safety of 
picosecond lasers in patients with benign pigmentation.

Picosecond lasers produce fine-tuned and precisely focused 
energy without inflicting collateral thermal damage to adjacent tis-
sues (9). Picosecond lasers have short recovery times and few 
adverse effects, such as scarring or burns, because their interaction 

Table 1. Demographic characteristics of the participants.

characteristics n (%)

Sex
 male 0 (0)
 female 15 (100)
age (years)
 18–39 0 (0)
 40–49 8 (53.3)
 50–59 3 (20.0)
 60–64 4 (26.7)
 mean ± standard deviation 51.2 ± 9.21
fitzpatrick skin type
 i 0 (0)
 ii 2 (13.3)
 iii 12 (80.0)
 iV 1 (6.67)
 V 0 (0)
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with tissues is more photomechanical than photothermal (10). 
However, postinflammatory hyperpigmentation remains a concern 
when treating pigmented lesions in dark skin, even with a short pulse.

The 785-nm laser beam is characterized by lower absorption by 
melanin compared to the 532 nm wavelength. However, it is also 
less absorbed by hemoglobin. This results in a favorable 
melanosome-to-blood absorption ratio, thereby reducing the risk of 
microhemorrhages/purpura and post-inflammatory pigmentation 
(15,16). This is why the 785 nm picosecond laser is recommended 
for treating lentigines in individuals with darker skin tones (17).

This study re-confirmed that 785 nm picosecond lasers can signifi-
cantly improve benign pigmentation in Asian skin without causing 
postinflammatory hyperpigmentation or mottled hypopigmentation.

Both unfractionated and fractionated handpieces were used 
in this study, as in the previous case series, non-fractionated 
picosecond lasers generate acoustic shock waves within the tar-
get chromophore. The benefit is that the target chromophore is 
fragmented and removed by macrophages, but thermal damage 
is minimal in the surrounding tissue. The fractionated laser beam 
creates numerous microbeams with high peak energy, causing 
microdamage to the epidermis and dermis. This localized dam-
age is associated with fragmentation of the melanin pigment 
and remodeling of skin dermal components, and requires less 
downtime after treatment than conventional lasers (16). 
Therefore, fractionated picosecond lasers have been reported to 
be effective in treating melasma (17). The two different beams 
work by different mechanisms and can have synergistic effects.

In addition, dual mode treatment was performed because the 
combination of both lasers can lower the peak energy than each 
laser alone, reducing the possibility of potential side effects (18,19). 
Cryotherapy can also be considered as an option because it has a 
synergistic effect with laser in pigmentation treatment, allowing 
lower laser fluence or greater effect with the same parameter (20). 
DOEs, which are used to create fractionated arrays, are believed to 
achieve a more constant delivery of uniformly distributed microbe-
ams than conventional microlens arrays (MLAs). In an ex vivo study 
on porcine skin, a DOE-assisted 1064 nm fractionated picosecond 
laser generated more homogeneous microbeams on the surface of 
the target area and had a higher density of tiny laser-induced vac-
uoles in the dermis than MLA-assisted irradiation (21). 785 nm 
picosecond lasers would also induce similar histological changes; 
however, further ex vivo and in vivo studies are required to confirm 
this hypothesis.

While the erythema index did not show an increase and even 
decreased, the underlying mechanism remains unclear. Reports on 
skin rejuvenation using the 785-nm fractional laser have suggested 
that this effect might have contributed to the observed outcomes (22).

The limitations of this study are: 1) small sample size, 2) only 
female patients were included, 3) no comparison to conventional 
laser, 4) histological changes were not identified, so an accurate 
diagnosis could not be made, and 5) the study started in the win-
ter and continued through the summer, resulting in increased UV 
exposure. Limitations 1)-to- 4) are due to the fact that this study 
was a pilot study and then should be handled in further large 
sample study. The increase in the melanin index at week 8 is likely 
due to an error by the examiner in measuring some of the deteri-
oration caused by increased UV exposure. The melanin index mea-
sures the pigment in three specific points and calculates the 
average value, while the brown index measures the average pig-
ment in the entire face. The decrease in the brown index indicates 
that the overall pigment is not deteriorating. To minimize this 
error, we should consider increasing the number of points when 
measuring the melanin index. To the best of our knowledge, this 
study is the first controlled study to examine the efficacy and 
safety of the newly introduced 785-nm Nd:YAG fractionated, 

Table 2. Satisfaction of the participants.

number (%)

grade Week 1 Week 2 Week 3 Week 4 Week 8

5, much 
improved

9 (60) 11 (73) 11 (73) 11 (73) 12

4, improved 2 (13) 2 (13) 3 1 (7) 1 (7)
3, no change 2 (13) 1 (7) 0 (0) 2 (13) 2 (13)
2, Worse 2 (13) 1 (7) 0 (0) 0 (0) 0 (0)
1, much worse 0 (0) 0 (0) 1 (7) 1 (7) 0 (0)
total 15 (100)

Figure 1. (a, B, c). clinical photographs of three representative cases showing significant improvements in pigmentary lesions after four treatment sessions with the 
785 nm picosecond nd:Yag laser.
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especially diffuse lens array, and unfractionated picosecond lasers 
in treating facial benign pigmented lesions in Asian patients. 
Remarkable improvements in pigmentary lesions and a significant 
reduction in the melanin index were achieved without any adverse 
effects. The 785 nm picosecond laser may be a new option for 
treating patients with melasma, especially those who have not 
responded to conventional laser therapy. Further prospective and 
comparative studies should be conducted to provide additional 
insight into the potential clinical applications of 785 nm picosec-
ond lasers.
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