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1  | INTRODUC TION

Remarkable advancement of various technologies developed by 
scientists and researchers has rendered numerous opportunities to 
safely and efficiently improve the appearance of photoaged skin. 

Among these technologies, the most preferred is the use of light en-
ergy–based technology, which has recently become a trend. Light-
emitting diode (LED) devices have played an important role among 
major light energy–based technologies. Hence, LED is frequently 
used in dermatology, such as for the reduction of inflammation, 
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Abstract
Background: Recently, light-emitting diode (LED) devices are among those mostly 
preferred for esthetic application because they improve the appearance of photo-
aged skin characterized by wrinkles, sagginess, pigmented lesions, and others. In ad-
dition, the use of hyaluronic acid (HA) for skin rejuvenation is already well proven.
Aims: This study aims to evaluate the synergistic effects of using home-use LED 
mask device with HA ampoule.
Methods: The total number of recruited subjects was 48:24 in Group A treated with 
both home-use LED mask device and HA ampoule and 24 in Group B treated with 
HA ampoule only, for 4 weeks. To assess the efficacy of the treatment, the follow-
ing were used: Antera 3D CS, EOS 800D with Image-Pro Plus, DUB-USB, VisioFace 
Quick, and Visioscan VC98.
Results: After treatment, the volume measurement (mm3) for prejowl sulci and nasol-
abial fold flattening as well as the area measurement (pixel) for lower chin firmness 
improvement was significantly reduced, and the number of pores (ea) for enlarged 
pores as well as the desquamation index (%) for the amount of corneocytes signifi-
cantly decreased in both Group A and Group B. Moreover, the percentage of skin 
density significantly improved. Furthermore, Group A showed a significantly faster 
and higher rate of improvement than Group B.
Conclusion: The use of 660- and 850-nm home-use LED mask device can generate 
synergistic effects on home-use topical applications like HA on photoaged face, and 
such device can be safely and efficiently used daily in personal environments.

K E Y W O R D S

660 nm, 850 nm, home-use device, light-emitting diodes, skin rejuvenation

https://orcid.org/0000-0003-0231-5439
mailto:
mailto:jh.s@pnkskin.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjocd.13599&domain=pdf&date_stamp=2020-07-27


     |  2607KIM et al.

promotion of wound healing, treatment of acne, and promotion of 
anti-aging effect.1

Recently, the demand in home-use devices has increased, and 
using them has become a trend in nonmedical fields. Most home-
use devices are low-powered and can be bought over the counter, 
that is, even without any medical prescription. Despite the possibil-
ity of decreased therapeutic power compared to medical devices, 
affordability, convenience, and privacy protection remain attractive 
benefits. The most common technologies in home-use devices are 
radio frequency, laser, intense pulse light (IPL), and LED. Although 
professional medical treatment still remains as the standard form of 
treatment, the home-use device market is undoubtedly growing at 
an exponential rate because home-use devices are gaining increas-
ing popularity through social media and marketing.2 However, insuf-
ficient amount of studies in home-use devices is a major drawback, 
and a lack of knowledge and expertise in understanding the scientific 
mechanism of action by each technology as well as a lack of proper 
education could lead to false beliefs and confusions in the market.3

Hence, we have conducted a clinical study to evaluate and com-
pare the safety and efficacy of using 660- and 850-nm home-use 
LED mask device in combination with hyaluronic acid (HA) ampoule 
or using HA ampoule alone on Asian subjects with photoaged skin 
and, therefore, to propose that 660- and 850-nm home-use LED 
mask device can generate synergistic effects and, thus, improve the 
appearance of photoaged skin when used along with topical applica-
tions such as HA.

2  | MATERIAL S AND METHODS

2.1 | Study design

This is a prospective, comparative, and controlled study, and was 
conducted in P&K Skin Research Center in Seoul, South Korea, from 
April to June 2019.

2.2 | Subjects

This study was approved by the Institutional Review Board of P&K 
Skin Research Center under reception number P1904-366, and all 
subjects have signed a written informed consent form before par-
ticipating in this study. The total number of subjects recruited for 
this study was 48, and they were all females, aged 30-59 years with 
signs of skin aging. Those who have undergone immunosuppressive 
treatment within three months prior to this study, with skin lesions 
that might affect the study results, with atopic dermatitis, and who 
have experienced allergic reactions to cosmetics or medications 
or routine light exposure were all excluded. The subjects were di-
vided into two groups of equal number: 24 subjects in Group A, who 
were treated with home-use LED mask device in combination with 
HA ampoule, and 24 subjects in Group B, who were treated with 
HA ampoule alone. In the course of this study, three subjects from 

Group A and one subject from Group B were dropped off because of 
withdrawal of their consent on this study or noncompliance with the 
study guideline. Hence, the final number of subjects in Group A was 
21, whereas that in Group B was 23.

2.3 | Treatment protocol

Treatment was conducted at home using home-use LED mask de-
vice (CELLRETURN LED Mask Platinum, CELL RETURN Co., Ltd) 
in combination with HA ampoule (RICHGOLD, CELLRETURN Co., 
Ltd) or using HA ampoule alone. Prior to treatment, the faces of the 
subjects were thoroughly cleansed. One HA ampoule was topically 
applied on the faces of the subjects in both Group A and Group B. 
The subjects in Group A were then immediately exposed for 20 min-
utes to home-use LED mask device that delivers a total energy of 
1.89 J/cm2. The treatment mode of home-use LED mask device was 
set at “Red,” which simultaneously emits both visible red (660 nm) 
and invisible infrared (850 nm). The treatment was conducted by the 
subjects in both groups at home every evening for 4 weeks (28 days).

2.4 | Assessment devices and test methods

Before assessment, the subjects were instructed to take a rest in a 
comfort room with a temperature of 20-25°C and with a humidity 
of 40%–60% for at least 30 minutes after washing their faces. They 
were prohibited to drink water while resting. To ensure that assess-
ments are conducted exactly on the same treatment area at each 
visit, only one researcher was allowed to assess the subjects.

Volume measurement (VM, mm3) was determined with a skin 
analysis camera (Antera 3D CS, Miravex Ltd., Ireland) to assess pre-
jowl sulci and nasolabial fold flattening. The left prejowl sulcus area 
and the nasolabial fold area of the subjects were measured using 
Antera 3D CS. The processed images were then converted to de-
pression mode, thereby measuring the volume of depression.

Area measurement (AM, pixel) was determined with a digital 
single-lens reflex (DSLR) camera (EOS 800D, Canon) and an image 
analysis software (Image-Pro Plus, Media Cybernetics, Inc) to assess 
lower chin firmness improvement. Photographs of the same part of 
the lower chin were taken using EOS 800D, and the area of that 
specific part of the lower chin was analyzed using Image-Pro Plus.

Skin density (SD, %) was measured with a skin scanner (DUB-
USB, taberna pro medicum, Germany).

The number of pores (ea), both enlarged and normal-sized, on a 
specific area of treated skin was measured with a full-face photogra-
phy device (VisioFace Quick, Courage + Khazaka electronic GmbH).

Desquamation index (DI, %) was measured with an ultraviolet A 
(UVA)–light video camera (Visioscan VC98, Courage + Khazaka elec-
tronic GmbH, Germany) to assess corneocytes. Corneocytes around 
the perioral area were collected using a special film (D-squame) and 
were then analyzed using Visioscan VC98. The DI was determined 
using the following formula:
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where,
DI = desquamation index (%);
A = percentage of area covered with corneocytes;
Tn = percentage of corneocytes in relation to thickness; and.
n = thickness level (1-5).

2.5 | Subject satisfaction

Evaluation by the subjects in both Group A and Group B of their 
satisfaction with the clinical efficacy was conducted on Visit 3. Their 
level of satisfaction was scored on a 5-point scale [0 (very unsatis-
fied), 1 (unsatisfied), 2 (moderate), 3 (satisfied), and 4 (very satisfied)].

2.6 | Safety assessment

Evaluation by the subjects in both Group A and Group B of safety 
of use was conducted on Visit 3. All adverse reactions experienced 
by the subjects in both groups during the entire course of this study 
were recorded.

2.7 | Statistical analysis

Statistical analysis was performed using SPSS Statistics Version 25.0 
(IBM, USA). For the parametric test, repeated measures analysis of 
variance (RM-ANOVA) was used for data with a normality assump-
tion. Within-subject differences were determined by comparing 
Group A and Group B by a post hoc test (Bonferroni). Moreover, 
the Friedman test was used as the nonparametric method, and 
then the Bonferroni test was used to correct the significance level 
after matching with the Wilcoxon signed-rank test. The comparison 
between Group A and Group B was analyzed using independent 

samples t test and Mann-Whitney U test as the parametric and non-
parametric methods, respectively. Statistical significance was deter-
mined at P < .05. In addition, analysis of covariance (ANCOVA) was 
used for determining the statistical significance between Group A 
and Group B after controlling the outcome of posttreatment in com-
parison to pretreatment.

3  | RESULTS

3.1 | Prejowl sulci flattening assessment

Volume measurement (VM, mm3) was determined with a skin analy-
sis camera (Antera 3D CS, Miravex Ltd., Ireland) to assess prejowl 
sulci flattening. A higher VM value indicates that the depressions 
created by prejowl sulci are more prominent. On the other hand, a 
lower VM value indicates that the depressions created by prejowl 
sulci are less prominent. In Group A, VM after treatment decreased 
to 0.743 ± 0.500 from 1.403 ± 0.881 of the baseline, which rep-
resents a 45.800 ± 16.952% reduction. The P value was .000 and, 
therefore, was statistically significant. In Group B, VM after treat-
ment decreased to 1.136 ± 0.943 from 1.518 ± 1.172 of the baseline, 
which represents a 28.111 ± 13.751% reduction. The P value was 
.000 and, thus, was statistically significant. The P value between the 
two groups after treatment was .001 and, therefore, was statistically 
significant. In addition, the estimated marginal mean after treatment 
by ANCOVA was 0.784 ± 0.063 in Group A and 1.099 ± 0.060 in 
Group B. Furthermore, the P value between the two groups after 
treatment was .001 and, thus, was statistically significant (Table 1).

3.2 | Nasolabial fold flattening assessment

Another volume measurement (VM, mm3) was determined with the 
same skin analysis camera (Antera 3D CS, Miravex Ltd., Ireland) but, 
this time, to assess nasolabial fold flattening. A higher VM value in-
dicates that the depressions created by nasolabial folds are more 
prominent. On the other hand, a lower VM value indicates that 

DI =
2A+

∑δ

n=1
Th

∗(n−1)

6

Group A
(Mean ± SD)

Group B
(Mean ± SD) P value

Baseline 1.403 ± 0.881 1.518 ± 1.172

Posttreatment 0.743 ± 0.500 1.136 ± 0.943 .001a 

P value .000b  .000c 

Rate of changed  −45.800 ± 16.952% −28.111 ± 13.751%

Estimated marginal mean
(Posttreatment)

0.784 ± 0.063 1.099 ± 0.060 .001e 

aP < .05 by Mann-Whitney U test. 
bP < .05 by repeated measures analysis of variance (RM-ANOVA), post hoc Bonferroni correction. 
cP < .025 by Friedman test, post hoc Wilcoxon signed-rank test with Bonferroni correction. 
dRate of change = (Posttreatment – Baseline)/ Baseline × 100. 
eP < .05 by analysis of covariance (ANCOVA). 

TA B L E  1   Skin analysis camera 
assessment for prejowl sulci flattening
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the depressions created by nasolabial folds are less prominent. In 
Group A, VM after treatment decreased to 1.470 ± 0.908 from 
2.495 ± 1.410 of the baseline, which represents a 42.501 ± 18.076% 
reduction. The P value was .000 and, therefore, was statisti-
cally significant. In Group B, VM after treatment decreased to 
1.719 ± 1.316 from 2.322 ± 1.547 of the baseline, which represents 
a 27.647 ± 10.479% reduction. The P value was .000 and, thus, was 
statistically significant. The P value between the two groups after 
treatment was .005 and, therefore, was statistically significant. In 
addition, the estimated marginal mean after treatment by ANCOVA 
was 1.404 ± 0.082 in Group A and 1.779 ± 0.078 in Group B. 
Furthermore, the P value between the two groups after treatment 
was .002 and, thus, was statistically significant (Table 2). A repre-
sentative assessment image of a subject randomly selected from ei-
ther Group A or Group B is shown in Figure 1. At baseline, nasolabial 
folds were prominent. After treatment, however, they became less 
prominent, which means that skin depressions have been reduced.

3.3 | Lower chin firmness improvement assessment

Area measurement (AM, pixel) was determined with a DSLR camera 
(EOS 800D, Canon) and an image analysis software (Image-Pro Plus, 
Media Cybernetics, Inc) to assess lower chin firmness improvement. 
A higher AM value indicates that the lower chin is loose. On the 
other hand, a lower AM value indicates that the lower chin is firm. 
In Group A, AM after treatment decreased to 5354.905 ± 2301.678 
from 6408.429 ± 2562.924 of the baseline, which represents 
a 17.139 ± 4.388% reduction. The P value was 0.000 and, there-
fore, was statistically significant. In Group B, AM after treatment 
decreased to 5946.348 ± 1802.056 from 6329.609 ± 1927.568 of 
the baseline, which represents a 5.864 ± 2.940% reduction. The P 
value was .000 and, thus, was statistically significant. The P value 
between the two groups after treatment was .000 and, therefore, 
was statistically significant. In addition, the estimated marginal mean 
after treatment by ANCOVA was 5317.549 ± 50.632 in Group A and 
5980.456 ± 48.380 in Group B. Furthermore, the P value between 
the two groups after treatment was .000 and, thus, was statistically 

significant (Table 3). A representative assessment image of a sub-
ject randomly selected from either Group A or Group B is shown in 
Figure 2. At baseline, the lower chin was observed as loose. After 
treatment, however, the double chin was observed to have become 
firm.

3.4 | Skin density assessment

The skin density (SD, %) of the dermis was measured with a skin 
scanner (DUB-USB, taberna pro medicum, Germany). A higher SD 
value indicates that the skin has better density; hence, the dermis 
is thicker and has a brighter green color. On the other hand, a lower 
SD value indicates that the skin has poor density; hence, the der-
mis is thinner and has a darker green color. In Group A, SD after 
treatment increased to 17.019 ± 3.851 from 14.644 ± 3.718 of the 
baseline, which represents a 17.038 ± 5.608% increase. The P value 
was .000 and, therefore, was statistically significant. In Group B, SD 
after treatment increased to 14.792 ± 2.945 from 13.888 ± 2.838 
of the baseline, which represents a 6.762 ± 6.577% increase. The 
P value was .000 and, thus, was statistically significant. The P value 
between the two groups after treatment was .000 and, therefore, 
was statistically significant. In addition, the estimated marginal mean 
after treatment by ANCOVA was 16.620 ± 0.172 in Group A and 
15.156 ± 0.164 in Group B. Furthermore, the P value between the 
two groups after treatment was .000 and, thus, was statistically 
significant (Table 4). A representative assessment image of a sub-
ject randomly selected from either Group A or Group B is shown in 
Figure 3. At baseline, the SD was lower, and the dermis was thinner. 
After treatment, however, the SD was higher, and the dermis was 
thicker.

3.5 | Pore assessment

The number of pores (ea) was measured with a full-face photogra-
phy device (VisioFace Quick, Courage + Khazaka electronic GmbH). 
The pores that were counted in the assessment were only those 

Group A
(Mean ± SD)

Group B
(Mean ± SD) P value

Baseline 2.495 ± 1.410 2.322 ± 1.547

Posttreatment 1.470 ± 0.908 1.719 ± 1.316 .005a 

P value .000b  .000c 

Rate of changed  −42.501 ± 18.076% −27.647 ± 10.479%

Estimated marginal mean
(Posttreatment)

1.404 ± 0.082 1.779 ± 0.078 .002e 

aP < .05 by Mann-Whitney U test. 
bP < .05 by repeated measures analysis of variance (RM-ANOVA), post hoc Bonferroni correction. 
cP < .025 by Friedman test, post hoc Wilcoxon signed-rank test with Bonferroni correction. 
dRate of change = (Posttreatment – Baseline)/ Baseline × 100. 
eP < .05 by analysis of covariance (ANCOVA). 

TA B L E  2   Skin analysis camera 
assessment for nasolabial fold flattening
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bigger than the average normal size. Pores bigger than the average 
normal size were marked in red circles, whereas those within the 
average normal size were marked in green circles. A higher number 
of pores indicates that there are more pores bigger than the aver-
age normal size. On the other hand, a lower number of pores in-
dicates that there are less pores bigger than the average normal 
size. In Group A, the number of pores after treatment decreased to 
9.476 ± 7.705 from 13.524 ± 8.606 of the baseline, which represents 

a 34.849 ± 14.922% reduction. The P value was .000 and, there-
fore, was statistically significant. In Group B, the number of pores 
after treatment decreased to 13.304 ± 6.498 from 16.000 ± 7.268 
of the baseline, which represents a 17.833 ± 8.449% reduction. The 
P value was 0.000 and, thus, was statistically significant. The P value 
between the two groups after treatment was 0.000 and, therefore, 
was statistically significant. In addition, the estimated marginal mean 
after treatment by ANCOVA was 10.584 ± 0.459 in Group A and 

F I G U R E  1   Volume measurement (VM, mm3) was determined with a skin analysis camera (Antera 3D CS, Miravex Ltd., Ireland) to 
assess nasolabial fold flattening. The representative assessment image of a subject randomly selected from either Group A or Group B was 
observed at baseline (A) and after treatment (B). Volume measurement indicates the volume depressions created by nasolabial folds. After 
treatment, nasolabial folds became less prominent, which means that skin depressions have been reduced

Group A
(Mean ± SD)

Group B
(Mean ± SD) P value

Baseline 6408.429 ± 2562.924 6329.609 ± 1927.568

Posttreatment 5354.905 ± 2301.678 5946.348 ± 1802.056 .000a 

P value .000b  .000b 

Rate of changec  −17.139 ± 4.388% −5.864 ± 2.940%

Estimated marginal 
mean

(Posttreatment)

5317.549 ± 50.632 5980.456 ± 48.380 .000d 

aP < .05 by Mann-Whitney U test. 
bP < .05 by paired t test. 
cRate of change = (Posttreatment – Baseline)/ Baseline × 100. 
dP < .05 by analysis of covariance (ANCOVA). 

TA B L E  3   Digital single-lens reflex 
(DSLR) camera assessment for lower chin 
firmness improvement

F I G U R E  2   Area measurement (AM, pixel) was determined with a digital single-lens reflex (DSLR) camera (EOS 800D, Canon, Japan) and 
an image analysis software (Image-Pro Plus, Media Cybernetics, Inc, USA) to assess lower chin firmness improvement. The representative 
assessment image of a subject randomly selected from either Group A or Group B was observed at baseline (A) and after treatment (B). Area 
measurement indicates the looseness of the lower chin. After treatment, the lower chin was observed to have become firm



     |  2611KIM et al.

12.293 ± 0.438 in Group B. Furthermore, the P value between the 
two groups after treatment was .011 and, thus, was statistically 
significant (Table 5). A representative assessment image of a sub-
ject randomly selected from either Group A or Group B is shown 
in Figure 4. At baseline, there was a higher number of larger pores 

(marked in red circles). After treatment, however, a lower number of 
larger pores (marked in red circles) were observed. Those marked in 
green circles were pores within the average normal size.

3.6 | Corneocytes assessment

The desquamation index (DI, %) was measured with a UVA-light 
video camera (Visioscan VC98, Courage + Khazaka electronic 
GmbH, Germany) to assess corneocytes. A higher DI value indicates 
that the skin is dry and contains a higher amount of corneocytes 
(more desquamation). On the other hand, a lower DI value indicates 
that the skin is moist and contains a lower amount of corneocytes 
(less desquamation). In Group A, DI after treatment decreased to 
7.304 ± 3.369 from 14.329 ± 3.697 of the baseline, which repre-
sents a 47.757 ± 22.499% reduction. The P value was .000 and, 
therefore, was statistically significant. In Group B, DI after treat-
ment decreased to 6.756 ± 4.041 from 9.462 ± 4.824 of the baseline, 
which represents a 23.078 ± 34.686% reduction. The P value was 
.001 and, thus, was statistically significant. The P value between the 
two groups after treatment was .008 and, therefore, was statistically 
significant. In addition, the estimated marginal mean after treatment 

TA B L E  4   Skin scanner measurement for skin density

Group A
(Mean ± SD)

Group B
(Mean ± SD) P value

Baseline 14.644 ± 3.718 13.888 ± 2.838

Posttreatment 17.019 ± 3.851 14.792 ± 2.945 .000a 

P value .000b  .000b 

Rate of changec  17.038 ± 5.608% 6.762 ± 6.577%

Estimated 
marginal mean

(Posttreatment)

16.620 ± 0.172 15.156 ± 0.164 .000d 

aP < .05 by Mann-Whitney U test. 
bP < .05 by repeated measures analysis of variance (RM-ANOVA), post 
hoc Bonferroni correction. 
cRate of change = (Posttreatment – Baseline)/ Baseline × 100. 
dP < .05 by analysis of covariance (ANCOVA). 

F I G U R E  3   Skin density (SD, %) was measured with a skin scanner (DUB-USB, taberna pro medicum, Germany). The representative 
assessment image of a subject randomly selected from either Group A or Group B was observed at baseline (A) and after treatment (B). SD 
indicates the density of skin, which is also observed as having a thicker dermis and a brighter green color. After treatment, the thickness of 
the dermis increased, and thus, skin density has improved

Group A
(Mean ± SD)

Group B
(Mean ± SD) P value

Baseline 13.524 ± 8.606 16.000 ± 7.268

Posttreatment 9.476 ± 7.705 13.304 ± 6.498 .000a 

P value .000b  .000c 

Rate of changed  −34.849 ± 14.922% −17.833 ± 8.449%

Estimated marginal mean
(Posttreatment)

10.584 ± 0.459 12.293 ± 0.438 .011e 

aP < .05 by Mann-Whitney U test. 
bP < .025 by Friedman test, post hoc Wilcoxon signed-rank test with Bonferroni correction. 
cP < .05 by repeated measures analysis of variance (RM-ANOVA), post hoc Bonferroni correction. 
dRate of change = (Posttreatment – Baseline)/ Baseline × 100. 
eP < .05 by analysis of covariance (ANCOVA). 

TA B L E  5   Full-face photography device 
assessment for the number of pores
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by ANCOVA was 5.883 ± 0.682 in Group A and 8.053 ± 0.647 in 
Group B. Furthermore, the P value between the two groups after 
treatment was .037 and, thus, was statistically significant (Table 6). 
A representative assessment image of a subject randomly selected 
from either Group A or Group B is shown in Figure 5. At baseline, a 
higher DI value was observed, which indicates more desquamation. 
After treatment, however, a lower DI value was observed, which in-
dicates less desquamation.

3.7 | Subject satisfaction assessment

The evaluation of subject satisfaction based on a 5-point scale 
showed a score of 3 and above in most of the assessment items 
for both Group A and Group B. The percentages of scores of 3 and 
above were 71.4% for prejowl sulci flattening, 76.2% for nasolabial 
fold flattening, 61.9% for lower chin firmness improvement, 85.7% 
for the number of pores, and 85.7% for the amount of corneocytes. 
Subject satisfaction for skin density was not available because it in-
volved intradermal assessment.

3.8 | Adverse reaction assessment

No subject showed any adverse reaction in the course of this study.

4  | DISCUSSION

In aged skin, it was found that collagen synthesis decreased, and ma-
trix metalloproteinase-1 (MMP-1) increased.4 In a study conducted 
by Barolet et al,5 histological and biochemical changes were evalu-
ated through a tissue-engineered human reconstructed skin (HRS) 
specimen after LED low-level laser therapy (LED-LLLT) treatment 
at 660 nm. In the treated samples, type 1 collagen production in-
creased, and MMP-1 decreased. The mean percentage difference 
between the treated and nontreated HRS specimens across repeated 
treatments was 31% for the type 1 procollagen level and –18% for 
the MMP-1 level. Furthermore, more than 90% of individuals re-
ported reduction in rhytid depth and rough surface. In another study 
by Almeida et al,6 patients were treated with two sessions of methyl 
aminolaevulinate photodynamic therapy (MAL-PDT) at 635 nm, and 

F I G U R E  4   The number of pores (ea) was measured with a full-face photography device (VisioFace Quick, Courage + Khazaka electronic 
GmbH, Germany). The representative assessment image of a subject randomly selected from either Group A or Group B was observed at 
baseline (A) and after treatment (B). Pores bigger than the average normal size were marked in red circles, whereas those within the average 
normal size were marked in green circles. After treatment, a lower number of larger pores (marked in red circles) was observed

Group A
(Mean ± SD)

Group B
(Mean ± SD) P value

Baseline 14.329 ± 3.697 9.462 ± 4.824

Posttreatment 7.304 ± 3.369 6.756 ± 4.041 .008a 

P value .000b  .001c 

Rate of changed  −47.757 ± 22.499% −23.078 ± 34.686%

Estimated marginal mean
(Posttreatment)

5.883 ± 0.682 8.053 ± 0.647 .037e 

aP < .05 by independent t test. 
bP < .05 by repeated measures analysis of variance (RM-ANOVA), post hoc Bonferroni correction. 
cP < .025 by Friedman test, post hoc Wilcoxon signed-rank test with Bonferroni correction. 
dRate of change = (Posttreatment – Baseline)/ Baseline × 100. 
eP < .05 by analysis of covariance (ANCOVA). 

TA B L E  6   Ultraviolet A (UVA)–light 
video camera assessment for the amount 
of corneocytes
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the results showed a significant increase in the expression of type 1 
collagen and MMP-9.

Along with single-wavelength LED-LLLT, some other studies 
were conducted to evaluate the synergistic effects of combining 
two different wavelengths. Although the application of 830 nm 
alone is known to be effective for wound healing,7 pain alleviation,8 
and others, some studies show that the use of a combination of 633 
and 830 nm also has synergistic effects on facial skin rejuvenation. 
The study showed, under electron microscopy, more activation of 
fibroblasts, an increase in collagen and elastin synthesis, and an in-
crease in the tissue inhibitors of MMP, thereby resulting in effective 

skin rejuvenation.9 In a study conducted by Baez and Reilly,10 at 12-
week follow-up after LED-LLLT for more than 5 weeks, in patients 
with periorbital and nasolabial wrinkles, the combination of 633 and 
830 nm showed that 82% and 91% of the patients reported improve-
ment of skin tone and enhancement of smoothness of skin, respec-
tively. Similarly, in a study conducted by Lee et al,11 the histological, 
ultrastructural, and biochemical changes after LED-LLLT were stud-
ied in different settings: applying 830 nm alone, 633 nm alone, a 
combination of 830 and 633 nm, and sham treatment light. The re-
sults showed maximum reduction of wrinkles and increase in skin 
elasticity at 36% and 19%, respectively, on faces treated with LED 

F I G U R E  5   Desquamation index (DI, %) was measured with an ultraviolet A (UVA)–light video camera (Visioscan VC98, 
Courage + Khazaka electronic GmbH, Germany) to assess corneocytes. The representative assessment image of a subject randomly selected 
from either Group A or Group B was observed at baseline (A) and after treatment (B). Desquamation index indicates the level of skin dryness 
and the amount of corneocytes (desquamation). As the DI value after treatment decreased compared to that at baseline, it was observed 
that lighter color, which indicates the presence of corneocytes, was reduced

F I G U R E  6   Estimated marginal mean by analysis of covariance (ANCOVA): A, prejowl sulci flattening (0.784 ± 0.063 in Group A and 
1.099 ± 0.060 in Group B); B, nasolabial fold flattening (1.404 ± 0.082 in Group A and 1.779 ± 0.078 in Group B); C, lower chin firmness 
improvement (5317.549 ± 50.632 in Group A and 5980.456 ± 48.380 in Group B); D, skin density (16.620 ± 0.172 in Group A and 
15.156 ± 0.164 in Group B); E, number of pores (10.584 ± 0.459 in Group A and 12.293 ± 0.438 in Group B); and F, amount of corneocytes 
(5.883 ± 0.682 in Group A and 8.053 ± 0.647 in Group B)
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alone and with a combination of 830 and 633 nm, and an increase 
in the amount of collagen and elastic fibers was also observed. 
Furthermore, fibroblasts were highly activated under ultrastructural 
examination; an increase in the tissue inhibitors of metalloprotein-
ases-1 and 2 (TIMP-1 and 2, respectively) was observed in immu-
nohistochemistry; and reverse transcriptase–polymerase chain 
reaction (RT-PCR) results showed that the messenger ribonucleic 
acid (mRNA) levels of interleukin-1ß (IL-1ß), tumor necrosis fac-
tor-α (TNF-α), intercellular adhesion molecule-1 (ICAM-1), and con-
nexin-43 (Cx43) increased, whereas that of IL-6 decreased. Based on 
previous studies, it can be hypothesized that the two wavelengths of 
home-use LED device investigated in this study—660 and 850 nm—
would have the same clinical benefits and a similar mechanism of 
action.

In dermatology, the topical application of HA has been found to 
have anti-wrinkle effects. In a study conducted by Wu et al12 par-
ticipated in by100 adults, aged skin on the dorsal surface of one of 
the subjects’ hands, which were graded 2 or 3 (mild or moderate 
aging, respectively) according to the Hand Grading Scale (HGS), was 
treated three times with topical HA gel. The results at three months 
showed an improvement in the HGS of the treated hands. The results 
at 15 months showed that 87%–96% of the treated hands continued 
improving according to the Global Aesthetic Improvement Scale 
(GAIS), biophysical measurements (skin elasticity, skin roughness, 
and hydration), and subject satisfaction. Hence, it was concluded 
that HA improves the quality of skin and has anti-aging effects.

In this study, faces of Asian subjects were treated with home-
use LED mask at both 660 and 850 nm for 20 minutes daily in com-
bination with HA ampoule or with HA ampoule alone. The first 
four assessment results showed that prejowl sulci and nasolabial 
folds flattened and that lower chin firmness and skin density im-
proved after using home-use LED mask device in combination with 
HA ampoule as well as after using HA ampoule alone. These find-
ings suggest that the aforementioned flattening and improvement 
observed might be due to the tightening of the dermal structure. 
Furthermore, the number of enlarged pores and the amount of cor-
neocytes decreased, which contributed to smooth skin. Tables 1 to 
6 show a brief summary of each assessment. In addition, Figure 6 
shows ANCOVA for the statistical significance between Group A 
and Group B after controlling the outcome of posttreatment. The 
assessments showed beneficial results on the faces of the Asian 
subjects after using home-use LED mask device in combination with 
HA ampoule and after using HA alone. Hence, it was confirmed that 
the results are on the same page as those of precedent studies. 
The use of 660- and 850-nm home-use LED mask device for facial 
skin rejuvenation in combination with HA ampoule and the use of 
HA alone both resulted to significant improvement on the appear-
ance of photoaged skin. However, combination treatment showed 
a faster and higher rate of improvement, without increased rate of 
any adverse reaction.

This study is significant in light that it was designed to be pro-
spective and comparative, two wavelengths—660 and 850 nm—were 
simultaneously radiated, and ANCOVA was additionally used for the 

statistical significance between Group A and Group B. However, it 
also has the following limitations: a lack of long-term follow-up, its 
nonsplit face design, a lack of histological evidence, and a lack of cel-
lular or subcellular level of analysis that proves substantial changes 
in the cellular or subcellular level.

5  | CONCLUSION

The assessment showed that treatment using 660- and 850-nm 
home-use LED mask device in combination with HA ampoule re-
sulted to a faster and higher rate of improvement in the appearance 
of photoaged skin than using HA ampoule alone. Hence, this study 
concludes that the use of 660- and 850-nm home-use LED mask 
device can generate synergistic effects on home-use topical applica-
tions like HA on photoaged face and that such device can be safely 
and efficiently used daily in personal environments.
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