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ORIGINAL ARTICLE

A Split-Face, Single-Blinded, Randomized Controlled 
Comparison of 532 nm Picosecond Neodymium-Doped 
Yttrium Aluminum Garnet Laser versus 532 nm 
Q-Switched Neodymium-Doped Yttrium Aluminum 
Garnet Laser in the Treatment of Solar Lentigines

Jung Yup Kim, Junghwa Yang, Gyoo Huh, Young-Jun Choi, Won-Serk Kim

Department of Dermatology, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, Korea

Background: Solar lentigines are the most common form of 
benign epidermal pigmentation and one of the major cos-
metic concerns in Korea. A 532 nm Q-switched neodymium: 
yttrium-aluminum-garnet (QSND) laser is typically used for 
the treatment, but the occurrence of post-inflammatory hy-
perpigmentation (PIH) is not rare. Recently, the use of pico-
second (PS) lasers has emerged in pursuit of better outcomes. 
Objective: To objectively compare the efficacy and safety of 
532 nm PS and QSND lasers for the treatment of solar 
lentigines. Methods: Twenty patients with solar lentigines 
were enrolled in a prospective, randomized split-face, sin-
gle-blind study. One side of each face was treated using a 532 
nm PS laser, and the other side using a 532 nm QSND laser. 
After one treatment, all patients were followed up for evalua-
tion after 2, 4, 8, and 12 weeks. The clinical clearance was 
assessed by three blinded dermatologists using a 5-point 
quartile improvement scale (QIS). Subjective satisfaction, 
development of PIH, pain scale during treatment, and ad-

verse problems were also recorded. Results: Clinical clear-
ance measured by QIS showed that the PS laser was more ef-
fective than the QSND laser. Subjective satisfaction and pain 
scale did not significantly differ between the two groups. The 
incidence of PIH was 5% in sides treated with the PS laser, 
and 30% with the QSND laser. Conclusion: Both 532 nm PS 
laser and QSND laser were effective for the treatment of solar 
lentigines, but the PS laser was more effective with less PIH 
development. (Ann Dermatol 32(1) 8∼13, 2020)
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INTRODUCTION

Solar lentigines are a typical form of epidermal pigmenta-
tion and represent early signs of photoaging. They in-
crease in number and prevalence with age and tend to 
vary in size and color1. In East Asians, solar lentigines are 
most common in middle and old age and are considered a 
major cosmetic problem. For that reason, many treatment 
options exist, including laser treatments2. Solar lentigines, 
like other epidermal pigmentary problems, are associated 
with increased deposition of melanosomes, which are the 
main target structure of dermatological treatments. The 
thermal relaxation time (TRT) of melanosomes for se-
lective damage is approximately 50∼250 ns, so 532 nm 
Q-switched lasers operating in nanoseconds (5∼100 ns) 
are the lasers of choice for the treatment of solar lenti-
gines3. Among various Q-switched lasers, 532 nm Q-switch-
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Table 1. Dermographic and raw data for the clinical study

No. of 
patient

Sex/age (yr)
QIS
pico

QIS
nano

PIH
pico

PIH
nano

Subjective 
satisfaction

pico

Subjective 
satisfaction

nano

Pain scale
pico

Pain scale
nano

1 F/63 3 3 - - 3 3 7 7
2 F/67 4 3 - - 5 5 6 6
3 F/67 3 2 - - 5 5 6 6
4 F/61 4 3 - - 5 5 3 3
5 F/60 2 1 - + 5 5 3 4
6 F/64 4 2 - + 4 4 5 3
7 F/61 3 2 - - 4 4 3 2
8 F/61 2 1 - + 5 4 4 5
9 F/62 3 2 - - 5 5 3 3

10 F/67 3 3 - - 5 5 2 2
11 F/55 2 0 - + 1 1 5 3
12 F/67 3 2 - - 3 3 5 6
13 F/72 2 1 - - 4 4 3 2
14 F/27 3 1 - - 4 5 3 4
15 F/67 3 2 - - 3 3 0 2
16 F/71 1 0 + + 1 1 4 3
17 F/70 4 1 - + 2 1 2 3
18 F/62 3 3 - - 1 1 2 1
19 F/72 4 1 - - 3 3 7 4
20 F/62 3 3 - - 3 3 1 1

QIS and subjective satisfaction were evaluated 12 weeks after treatment. Development of PIH was assessed 4 weeks after treatment.
Pain scale during laser treatment was recorded by the patient immediately after treatment.
QIS: quartile improvement scale, PIH: post-inflammatory hyperpigmentation, F: female, -: not available.

ed neodymium:yttrium-aluminum-garnet (QSND) lasers are 
most commonly used for treating solar lentigines4. How-
ever, post-inflammatory hyperpigmentation (PIH) after 532 
nm QSND laser treatment is very common, reported to 
occur in 10 to 47 percent of cases4,5. Recently, lasers with 
picosecond (PS) pulse duration have become more widely 
used in the aesthetic field. The first use of PS lasers was for 
tattoo removal, but the applications of PS lasers are ex-
tending to the treatment of various forms of pigmentation, 
scarring, and aged skin. PS lasers emit shorter pulses (300∼ 
900 picoseconds), which create a greater photomechani-
cal effect and less unwanted heat diffusion into surround-
ing structures6. Considering these characteristics of PS la-
sers, more effective results and reduced PIH are expected 
after their use7,8. Nevertheless, to date, few objective stud-
ies have been performed to clarify the effectiveness of PS 
laser treatment of solar lentigines. To the best of our know-
ledge, this is the first split-faced comparison between 532 
nm QSND laser and 532 nm PS laser treatment, allowing 
the clinical effects of both lasers on solar lentigines to be 
more accurately evaluated.

MATERIALS AND METHODS

This was a prospective, randomized, split-face, controlled 
trial study. The study protocol was approved by the Insti-
tutional Review Board of the Kangbuk Samsung Hospital 
(IRB no. KBSMC 2017-8-025-001).

Patients

We enrolled 20 females (27∼72 years) with Fitzpatrick 
skin types III∼V and more than 5 clinically obvious solar 
lentigines observed on both sides of the face for inclusion 
in this study. The faces of the enrollees were divided into 
halves (right and left sides with a line down the middle) 
with the halves randomly allocated for 532 nm PS laser or 
532 nm QSND laser treatment in a 1:1 fashion using SAS 
(ver. 9.3; SAS Institute, Cary, NC, USA).

Treatment protocol

Each patient made a total of five visits for treatment and 
evaluation. All patients received one laser treatment and 
with results evaluated at 2, 4, 8, and 12 weeks after treat-
ment. A 532 nm PS laser (Picocare; Wonteck Co., Ltd., 
Daejeon, Korea) with 450 picosecond pulse duration, 3∼
4 mm spot size, 0.3∼0.5 J/cm2 fluence, and 2 Hz fre-
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Fig. 2. Occurrence rates of post-inflammatory hyperpigmentation 
(PIH) in cases treated by 532 nm picosecond and 532 nm Q- 
switched neodymium:yttrium-aluminum-garnet lasers (p=0.057, 
Fisher’s exact test). Development of PIH was assessed 4 weeks 
after treatment. 

Fig. 1. Mean values for clearance, subjective satisfaction, and pain 
scale after treatment with 532 nm picosecond and 532 nm 
Q-switched neodymium:yttrium-aluminum-garnet lasers (*p＜
0.05, Mann–Whitney test). Clearance was measured on a quartile 
improvement scale (QIS). QIS and subjective satisfaction were 
evaluated 12 weeks after treatment. Pain scale was assessed 
immediately after treatment.

quency was used for treating one side of the face, and a 
532 nm QSND laser (Pastelle; Wonteck Co., Ltd., Daejeon, 
Korea) with 10 nanosecond pulse duration, 3∼4 mm spot 
size, 0.6∼0.8 J/cm2 fluence, and 2 Hz frequency was used 
for treating the other side. The endpoint of treatment was 
slight whitening immediately after laser irradiation.

Evaluation 

Photographic images were obtained pretreatment, 2 weeks, 
4 weeks, 8 weeks, and 12 weeks post-treatment. A digital 
camera and specialized imaging system (Dermavision 1; 
Optobiomed Inc., Gangwon, Korea) were used to record 
full face images to assist in the evaluation and assessment 
of skin pigmentation. We received the patient’s consent 
form about publishing all photographic materials. The 
overall facial pigmentation of each patient before and after 
treatment was assessed by three dermatologists who were 
blinded to the treatment specifics and operated in-
dependently of this study. The quartile improvement scale 
(QIS) was used to assess clearance in the treated areas 12 
weeks after treatment: no improvement (0%, score 0), 
poor (1%∼25%, score 1), fair (26%∼50%, score 2), good 
(51%∼75%, score 3), or excellent (76%∼100%, score 
4). Subjective satisfaction was scored using a ques-
tionnaire with answers given on a 5-point scale (0=very 
unsatisfied, 5=very satisfied). Assessments of pain during 
laser treatment were conducted with an 11-point numeric 
pain scale (0=no pain, 10=intolerable pain). Additional 

details about the methods are available at Supplementary 
Materials 1, and Supplementary Table 1. 

Safety assessments

All adverse effects after treatment and PIH were observed 
and recorded throughout the study, and the occurrence of 
PIH was evaluated at 12 weeks post-treatment.

Statistical analysis

All data were analyzed by the Mann–Whitney test and 
Fisher’s exact test. All p-values were at a significance level 
of 0.05 (two-tailed) for all analyses, which were performed 
using SAS software.

RESULTS

A total of 20 patients were enrolled and completed the 
study protocol (Table 1). The 5-point QIS assessed by 
three blinded dermatologists 12 weeks after treatment re-
sulted in a mean QIS for the 532 nm PS laser group of 
2.95 and a mean QIS for the 532 nm QSND laser group of 
1.8 (p＜0.05). In subgroup analysis of 14 patients who did 
not develop PIH in both left and right faces, the mean QIS 
was 3.14 in the PS laser group and 2.21 in the QSND la-
ser group (p＜0.05). Subjective satisfaction, which was 
scored on a 5-point scale 12 weeks after treatment, re-
sulted in mean scores of 3.55 for the 532 nm PS laser 
group and 3.5 for the 532 nm QSND laser group. The 
11-point numeric pain scale measured immediately after 
the treatment yielded a mean score of 3.7 for the 532 nm 
PS-laser group and 3.5 for the 532 nm QSND laser group. 
Mean values of QIS, subjective satisfaction, and pain scale 
are presented in Fig. 1. PIH, which was assessed 4 weeks 
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Fig. 3. Clinical photos before and 
after treatment (patient 6). (A) A 
532 nm picosecond (PS) laser treat-
ment (left: before, right: 12 weeks 
after treatment). (B) A 532 nm Q- 
switched neodymium:yttrium-alumi-
num-garnet laser treatment (left: be-
fore, right: 12 weeks after treatment).
Solar lentigines on the 532 nm PS 
laser treatment side are more clear-
ly removed without post-inflamma-
tory hyperpigmentation.

Fig. 4. Clinical photos before and after treatment (patient 14); left
half-face treated by 532 nm picosecond laser and right half-face 
treated by 532 nm Q-switched neodymium:yttrium-aluminum- 
garnet laser. (A) Before treatment. (B) Twelve weeks after treat-
ment. Compared to the right side, there is less post-inflammatory 
hyperpigmentation on the left side.

after treatment, developed 5% of cases in the 532 nm PS 
laser group and 30% in the 532 nm QSND laser group 
(p=0.057) (Fig. 2). Fig. 3 and Fig. 4 show representative 
photographs of patients evaluated in this study. We ob-
served no clinically meaningful adverse effects during the 
treatment and follow-up period. 

DISCUSSION

This prospective split-face study was designed to compare 
the efficacy and adverse effects of 532 nm PS laser and 
532 nm QSND laser treatment of solar lentigines in Korean 
patients. Recently, some studies reported the clinical effec-
tiveness (excellent clearance and less PIH) of 532 nm PS 
lasers for treating solar lentigines. However, there were no 
well-designed prospective comparisons between 532 nm 
PS laser and QSND laser treatment.
There are many treatment options available for solar lenti-
gines, which can be categorized into non-laser and laser 
treatments. Examples of non-laser treatments include bleach-
ing creams, cryotherapy, and chemical peels. These treat-
ments suffer from unsatisfactory success rates, long treat-
ment duration, and frequent skin irritation9,10. Among la-
ser treatment options, nanosecond Q-switched lasers with 
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various wavelengths (532, 694, 755, 1,064 mn), some 
long pulsed lasers, and intense pulsed light are com-
monly used. Among these, 532 nm QSND lasers are 
typically used because they offer high absorption by 
melanin pigment4,5. 
The 532 nm QSND laser, when used in light-skinned pa-
tients, results in minimal complications. However, in dark-
er-skinned individuals with melanin rich epidermis, the 
risk of PIH is greater (10%∼25%). High risk of PIH after 
532 nm QSND laser treatment is thought to be due to the 
combination of photothermal and photomechanical ef-
fects caused by short bursts of high energy nanosecond ra-
diation, which not only targets melanin, but induces dam-
age to surrounding oxyhemoglobin and melanin as well, 
resulting in inflammation of superficial vessels, altered ac-
tivity of melanocytes, and subsequent PIH11. 
Because of the high incidence of PIH after treatment by 
QSND lasers, alternative lasers have been tried. Some pre-
vious studies showed that intense pulsed light or long 
pulsed alexandrite lasers led to better results and less PIH 
in the treatment of solar lentigines12,13. However, these 
studies were not objective and suffer from too many limi-
tations to uncritically accept their results. The PS laser was 
first introduced as an effective treatment for tattoo re-
moval, with a very short pulse duration that allows the se-
lective destruction of small tattoo ink particles and a TRT 
of less than 1 nanosecond. Although the TRT of melano-
somes is not less than 1 ns, strong photomechanical ef-
fects and heat confinement abilities of PS lasers have led 
some to expect better clinical results of PS laser treatment 
for pigmentation, leading to numerous clinical trials ex-
ploring PS laser use for treating pigmentation14. Since 
2004, studies have indicated promising efficacy of PS laser 
use for the treatment of pigmentary disorders including 
café-au-lait spots, dermal pigmentation, and dark circles15. 
These studies showed that fewer treatment sessions and 
lower energy fluence may be required to achieve similar 
clinical outcomes to QSND laser treatment15. Regarding 
solar lentigines treatment, Guss et al.7 reported that the 
532 nm PS laser showed more than 50% improvement of 
solar lentigines after only 1 session in 83% of patients. In 
similar study, Negishi et al.8 reported that the 532 nm PS 
laser showed more than 75% clearance with only a single 
treatment in 93.02% of lesions. No severe or unexpected 
events occurred during both studies7,8. PIH occurred 0.8%7 
and 4.65%8 of lesions respectively. As evidenced in pre-
vious studies, PIH is rare in lentiginous lesions treated 
with 532 nm PS lasers, even in darker-skinned patients7,8. 
Recently, a study of solar lentigines demonstrated destruc-
tion of melanosomes and damage to surrounding struc-
tures after 532 nm QSND laser treatment, but no obvious 

damage to other structures after 532 nm PS laser treat-
ment. These results demonstrated precise, controlled dam-
age confined to pigmented areas in the actual skin tissue. 
Therefore, we hypothesized that PS laser treatment would 
minimize inflammation and the incidence of PIH8. 
In this study, we found that both 532 nm QSND laser and 
532 nm PS laser resulted in good treatment effects. Sub-
jective satisfaction was similar for both treatments. How-
ever, the clearance rates for 532 nm QSND laser and 532 
nm PS laser treatment were significantly different, corre-
sponding to 2.95 and 1.8 at 12 week follow-up, respective-
ly. This difference may be due to the fact that subjective 
satisfaction is generally higher than objective measure-
ment, and because objective assessments were performed 
by dermatologists using photographs and a skin analyzer, 
allowing for more accurate evaluation. PIH occurred in 
5% of cases treated by 532 nm PS laser, and 30% of cases 
treated by 532 nm QSND laser. Unfortunately, we were 
unable to obtain statistically significant results for the com-
parison of PIH incidence, probably because PIH incidence 
was too low. However, the PIH incidence observed in the 
present study is similar to those of previous studies, in 
which 0.8%∼4.7% of patients experienced PIH after PS 
laser treatment7,8. Regarding safety and patient compli-
ance, pain was transient and mostly minimal in treatments 
with both lasers. There was no significant difference in 
median pain scores between lasers. Topical anesthetic ap-
plication under occlusion for 30∼45 minutes was usually 
sufficient for controlling pain during treatment. No sig-
nificant adverse problems were reported during this study. 
Limitations of this study include (1) the small number of 
subjects, (2) clinical diagnosis of solar lentigines without 
skin biopsy, and (3) the possibility of unequal distribution 
of solar lentigines on both facial sides. Despite these limi-
tations, this study is the first direct prospective split-face 
comparison of 532 nm PS and QSND laser treatments of 
facial solar lentigines in dark-skinned Korean patients. We 
found that the 532 nm PS laser is a promising treatment 
option for solar lentigines.
Based on the results of this study, we conclude that 532 
nm PS laser treatment removes solar lentigines more effec-
tively than 532 nm QSND laser treatment, a conclusion 
that was statistically clarified by objective assessment. 
However, the subjective satisfaction of patients was not 
significant different between the treatment groups, per-
haps reflecting the fact that subjective satisfaction is gen-
erally higher than objective measurements of efficacy. 
PIH incidence was lower in cases treated with the 532 nm 
PS laser, but the difference was not statistically significant, 
possibly because the incidence of PIH was too low for 
demonstrating statistical significance. 
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In conclusion, both the 532 nm PS laser and QSND laser 
are safe and effective for the treatment of solar lentigines. 
However, considering differences in clearance rate and in-
cidence of PIH, the 532 nm PS laser seems to be the more 
effective and safer treatment.
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