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A split-face study evaluating the efficacy of a topical 
antioxidant cream containing tocotrienol after  
1064-nm picosecond Nd:YAG laser treatment for 
environment-induced skin pigmentation 

INTRODUCTION
Several environmental factors, including ultraviolet (UV) radiation, 
can induce skin pigmentation and an inflammatory response, which 
may then provoke degradation of the extracellular matrix [1]. Facial 
skin pigmentation is often associated with depressive emotional 
changes and psychological stress in patients [2-4]. Solar lentigo is 
the most common skin pigmentation lesion resulting from envi-
ronment-induced skin pigmentation, and presents as a well-demar-
cated, pale-to-dark brown macule characterized by local melano-
cyte proliferation and melanin accumulation in the skin [4,5].
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Background This study aimed to evaluate the efficacy and safety of a topical antioxi-
dant cream containing tocotrienol after 1064-nm picosecond neodymium-doped yttri-
um aluminum garnet (Nd:YAG) laser treatment for environment-induced skin pigmen-
tation.
Methods A split-face study was conducted between December 2020 and March 2021 in 
26 patients (25 women and one man) who were treated with a 1064-nm picosecond 
Nd:YAG laser. On the right side of the face, an antioxidant cream containing tocotrienol 
was applied after picosecond laser treatment, and on the left side, only picosecond la-
ser treatment was performed. We compared the right and left sides of the face at 4 
weeks after laser treatment using an automatic skin analysis device to investigate skin 
pigmentation. The melasma severity scores of the two sides were evaluated before 
and 4 weeks after picosecond laser treatment.
Results The skin pigmentation score showed a significant difference between pretreat-
ment and 4 weeks after picosecond laser treatment on both sides of the face 
(P<0.001), and there was a significant difference in skin pigmentation score improve-
ment between the right and left sides (P<0.001). The melasma severity score showed a 
significant difference on the right side between pretreatment and 4 weeks after laser 
treatment (P<0.001), but there was no significant change on the left side (P>0.05).
Conclusions Our results show that, for the treatment of environment-induced skin pig-
mentation, the application of a tocotrienol-containing antioxidant cream after 1064-nm 
picosecond laser treatment can provide good results without any complications.
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Table 1. Demographic characteristics of patients

Variable Value (n=26)

Sex, No. (%)

   Male 1 (3.8)

   Female 25 (96.2)

Age (yr), mean (range) 43.1 (37–55)

Fitzpatrick skin type, No. (%)

   III 4 (15.4)

   IV 22 (84.6)

Fig. 1. Clinical and ultraviolet photographs of a 43-year-old female patient with environment-induced skin pigmentation. (A) The right side of 
the face, to which a combination of picosecond laser and antioxidant cream containing tocotrienol was applied. (B) The left side of the face, to 
which only picosecond laser treatment was applied. (C) The right side of the face at 4 weeks after laser treatment. (D) The left side of the face 
at 4 weeks after laser treatment.
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C D

 The 1064-nm Q-switched neodymium-doped yttrium alumi-
num garnet (Nd:YAG) laser has been used to treat skin pigmenta-
tion lesions, and satisfactory results have been reported in several 
studies [6-9]. Despite these satisfactory results, the outcomes of 
1064-nm Nd:YAG laser treatment can be limited and unpredict-
able, and adverse effects include pain and skin hypopigmentation 
and hyperpigmentation [10]. Recently, a picosecond laser system 
was developed to minimize adverse effects and maximize the ben-
eficial effects. The picosecond laser has a short pulse duration, from 
a billionth to a trillionth of a second [11]. Because of the short pulse 
duration, the picosecond laser can induce a largely photomechani-
cal effect on the target tissue to enable satisfactory results while min-
imizing damage to the surrounding tissues from the photothermal 
effect [12-14].
 Vitamin E can scavenge free radicals and has been reported to 
have anti-melanogenic effects [15]. Tocopherol and tocotrienol, 
which are vitamin E analogues, can be introduced as effective in-
gredients in whitening cosmetics to improve skin pigmentation [16]. 
In particular, tocotrienol are believed to be effective in skin regen-
eration and renewal due to their antioxidant properties [17].
 The primary objective of this study was to evaluate the efficacy 

and safety of a topical antioxidant cream containing tocotrienol af-
ter 1064-nm picosecond Nd:YAG laser application for the treat-
ment of environment-induced skin pigmentation.

METHODS
We conducted a split-face study to evaluate the efficacy of an anti-
oxidant cream containing tocotrienol after picosecond 1064-nm 
Nd:YAG laser treatment. Of the patients who underwent picosec-
ond 1064-nm Nd:YAG laser treatment for environment-induced 
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Fig. 2. Clinical and ultraviolet photographs of a 53-year-old female patient with environment-induced skin pigmentation. (A) The right side of 
the face, to which a combination of picosecond laser and antioxidant cream containing tocotrienol was applied. (B) The left side of the face, to 
which only picosecond laser treatment was applied. (C) The right side of the face at 4 weeks after laser treatment. (D) The left side of the face 
at 4 weeks after laser treatment.

A B

C D

skin pigmentation between December 2020 and March 2021, 26 
patients (Fitzpatrick skin type III-IV), who understood and agreed 
with the rationale and methodology of this study were enrolled. 
We excluded patients who had a history of keloid scar, recent use 
of oral retinoids, pregnancy, immunosuppressive drug use, active 
systemic or local infections, or psychiatric illness. 
 The study conformed to the principles of the Declaration of Hel-
sinki, and written consent was obtained from each patient both for 
surgery and the publication of photographs of the results. The study 
was approved by the Institutional Review Board of Soonchunhy-
ang University Bucheon Hospital (IRB No. 2021-06-015).

Laser treatment
A topical 5% lidocaine anesthetic ointment (Emla; AstraZeneca 
AB, Karlskoga, Sweden) was administered to the target area for la-
ser treatment. After 30 minutes to 1 hour of application, the patients 
washed off the ointment with mild soap and water immediately 
before the laser treatment. All patients were treated using a 1064-
nm picosecond Nd:YAG laser (Picocare; Wontech, Daejeon, Ko-
rea), with the settings of a 7-mm spot size, 0.8 J/cm2, and a frequen-
cy of 10 Hz in microlens array and a total of approximately 2,000 

shots on the pigmented lesion. All laser safety precautions were 
followed. After treatment, all patients were advised to avoid direct 
sunlight and use a broad-spectrum sunscreen agent until the end of 
the study.

Post-laser treatment care
After laser treatment, each side of the face received different post-
treatment methods. After laser treatment, a moisture mask (Kineff 
Hydracica Calming Mask; Holians, Seoul, Korea) was applied for 
30 minutes to moisten the skin. An antioxidant cream containing 
tocotrienol (Kineff 31 Allday Shield Cream & 102 Night Renewal 
Cream; Holians) was applied to the right side of the face. The pa-
tients were instructed to apply an antioxidant cream containing to-
cotrienol to the right side of the face and to apply a topical moistur-
izer and physical sunscreen to both sides of the face for 4 weeks.

Outcome evaluation
We evaluated the improvement of skin pigmentation on the face 
using an automatic skin analysis device (Mark-Vu; PSI Plus Co., 
Suwon, Korea) with UV light and natural light before and at 4 weeks 
after treatment. The melasma severity score (MSS) has four grades 
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of severity as follows: 0, equivalent to the surrounding normal skin 
or with minimal residual pigmentation; 1, slightly darker than the 
surrounding normal skin; 2, moderately darker than the surround-
ing normal skin; 3, markedly darker than the surrounding normal 
skin [18]. The MSS was evaluated by two blinded plastic surgeons 
(SMN and ESP).

Statistical analysis
Statistical analyses were performed using SPSS version 20.0 (IBM 
Corp., Armonk, NY, USA). The Wilcoxon signed-rank test was 
used to compare the improvement in skin pigmentation and MSS 
between before laser treatment and 4 weeks after treatment. Statis-
tical significance was set at P<0.05.

RESULTS
Of the 26 patients with environment-induced skin pigmentation 
who were treated using a 1064-nm picosecond Nd:YAG laser, 25 
were female and one was male. The mean age of the patients was 
43.1 years (range, 37–55 years), and the mean follow-up period was 
5 weeks (range, 4–6 weeks) (Table 1). No serious complications, 
such as infection or skin necrosis, were observed during the follow-
up period. 
 In this split-face study, we analyzed the efficacy of an antioxidant 
cream containing tocotrienol after laser treatment (Figs. 1, 2). Skin 
pigmentation scores (SPSs) were analyzed using an automatic skin 
analysis device (Mark-Vu). On the right side of the face, treated with 
antioxidant cream containing tocotrienol after picosecond laser 
treatment, the SPS was 30 (interquartile range [IQR], 28–31) be-

fore treatment and 27 (IQR, 25–29) at 4 weeks after treatment. The 
difference between pretreatment and 4 weeks after laser treatment 
was statistically significant (P<0.001). On the left side of the face, 
where only picosecond laser treatment was performed, the SPS was 
29 (IQR, 28–21) before treatment and 28 (IQR, 27–29) at 4 weeks 
after laser treatment. The difference was statistically significant 
(P<0.001) (Fig. 3). The improvement of the SPS on the right side 
of the face was 2 (IQR, 2–3), and that on the left side was 1 (IQR, 
1–2), and the difference in the improvement of SPS between the 
right and left sides was statistically significant (P<0.001) (Fig. 4). 
 In addition, we evaluated the improvement in the MSS between 

Fig. 3. On the right side of the face (administered antioxidant cream 
containing tocotrienol after picosecond laser treatment), the skin 
pigmentation score (SPS) was 30 (IQR, 28–31) before treatment and 
27 (IQR, 25–29) at 4 weeks after treatment. The difference between 
pretreatment and 4 weeks after laser treatment was statistically sig-
nificant (P<0.001). On the left side of the face, which only received 
picosecond laser treatment, the SPS was 29 (IQR, 28–21) before treat-
ment and 28 (IQR, 27–29) at 4 weeks after laser treatment. The dif-
ference was statistically significant (P<0.001). IQR, interquartile range.
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Fig. 4. The improvement in the skin pigmentation score on the right 
side of the face (administered antioxidant cream containing tocotri-
enol after picosecond laser treatment), was 2 (IQR, 2–3) and that on 
the left side was 1 (IQR, 1–2) at 4 weeks after laser treatment; the 
difference was statistically significant (P<0.001). IQR, interquartile 
range.

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

0

Picosecond laser combined antioxidant cream
Picosecond laser

Fig. 5. The melasma severity score (MSS) between the right and left 
sides of the face. On the right side, the MSS was 3 (IQR, 2–3) before 
treatment, and 1 (IQR, 1–2) at 4 weeks after treatment; the differ-
ence was statistically significant (P<0.001). However, on the left side, 
the MSS was 2 (IQR, 2–3) before treatment and 2 (IQR, 2–2) at 4 weeks 
after laser treatment; the difference was not significant (P>0.05). IQR, 
interquartile range.
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the right and left sides of the face. On the right side of the face, the 
MSS was 3 (IQR, 2–3) before treatment and 1 (IQR, 1–2) at 4 weeks 
after treatment, and the difference was statistically significant (P< 
0.001). However, on the left side of the face, the MSS was 2 (IQR, 
2–3) before treatment and 2 (IQR, 2–2) at 4 weeks after laser treat-
ment; this difference was not significant (P>0.05) (Fig. 5).

DISCUSSION
The 1064-nm Q-switched Nd:YAG laser is the most commonly 
used laser for the treatment of skin pigmentation lesions in Asian 
populations, and its outcomes have been verified to be satisfactory 
[19,20]. However, picosecond lasers have recently been developed. 
These have a very short pulse duration with the same energy, thus 
reducing the photothermal effect, while increasing the photome-
chanical effect. They can produce significantly smaller pigment par-
ticles and can easily phagocytose macrophages [21].
 Environment-induced skin pigmentation, such as melasma and 
solar lentigines, are common hyperpigmentation disorders in the 
Asian population [11]. These conditions most commonly occur in 
middle-aged women and usually present as symmetrical, irregular 
hypermelanosis on the bilateral central cheeks [11]. The pathogen-
esis of skin pigmentation is unclear, although it may be mainly re-
lated to UV radiation. Skin pigmentation has a complex pathway 
that primarily occurs in melanocytes, which are dendritic cells that 
synthesize melanin in melanosomes. Melanosomes produce supra-
nuclear caps that protect epidermal cells from damage by limiting 
the penetration of UV radiation and scavenging reactive oxygen 
species [17]. Melanogenesis is regulated by tyrosinase, tyrosinase-
related protein-1, and tyrosine-related protein-2 (TYR, TYRP1, and 
TYRP2). The control and regulation of these enzymes are impor-
tant processes for decreasing skin pigmentation [22]. Makpol et al. 
[17] reported that tocotrienol and tocopherol treatment reduced 
the expression of TYR, TYRP1, and TYRP2, leading to a significant 
decrease in melanin content, which is determined by the amount 
of melanin synthesis in melanocytes. In particular, the anti-mela-
nogenic properties of tocotrienol may play an important role in in-
hibiting tyrosinase activity [17]. 
 Hydroquinone and retinoids have been suggested to improve 
skin pigmentation. However, the most common complications of 
hydroquinone and retinoids are irritation, erythema, and desqua-
mation [18]. It was reported that in rare cases, application of hydro-
quinone led to further hyperpigmentation in patients with darker 
skin [23]. Vitamin C derivatives are usually used to treat skin pig-
mentation and post-inflammatory hyperpigmentation. Several stud-
ies reported that ascorbic acid reduced dopaquinone, which inhib-
its tyrosine-dependent melanogenesis [24,25]. 
 In our split-face study, we evaluated the efficacy of an antioxidant 
cream containing tocotrienol after picosecond laser treatment. The 
SPS of both sides of the face significantly improved at 4 weeks after 

laser treatment compared to the pretreatment values. The right side 
of the face, to which antioxidant cream containing tocotrienol was 
applied after picosecond laser treatment exhibited a greater improve-
ment in SPS than the left side, to which only picosecond laser treat-
ment was administered. The differences in skin pigmentation im-
provement were statistically significant. We also compared the MSS 
score on both sides of the face before laser treatment and 4 weeks 
after picosecond laser treatment. On the right side of the face, the 
change in the MSS score between pretreatment and 4 weeks after 
laser treatment was statistically significant. However, on the left 
side of the face, the change in the MSS score was not significant. 
Based on our study, we conclude that antioxidant cream contain-
ing tocotrienol increases the therapeutic effect of environment-in-
duced skin pigmentation, although the 1064-nm picosecond laser 
plays an important role in the treatment of skin pigmentation. How-
ever, our study has some limitations, such as a small number of pa-
tients, a relatively short-term follow-up period, and the inclusion 
of only Asian individuals with Fitzpatrick skin types III-IV. There-
fore, we plan to conduct further studies with a larger sample size, a 
longer-term follow-up period, and the inclusion of Caucasian indi-
viduals.
 Despite these limitations, the application of an antioxidant cream 
containing tocotrienol enhanced the therapeutic effects of a 1064-
nm picosecond laser for the treatment of environment-induced skin 
pigmentation.
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