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Abstract
The aim of this study was to evaluate the safety and efficacy of combined 1060-nm diode laser and 635-nm low-level laser
therapy (LLLT) device for non-invasive reduction of the abdominal and submental fat. Forty-two healthy subjects received single
laser treatment on both the abdomen and submental area. Ultrasound images measuring the thickness of abdominal and
submental fat were taken at baseline, follow-up at 4, 8, and 12 weeks after treatment. Waist circumference and body weight
were also measured at all visits. Adverse events were recorded at all visits. Subjects completed a satisfaction questionnaire at the
end of the trial. Twelve weeks after a single treatment with the investigational device, ultrasound images showed statistically
significant (P < 0.0001) reductions in abdominal and submental fat by 18.62 and 26.4%, respectively. In addition, significant (P <
0.0001) reduction in waist circumference was observed. Ninety-six percent of subjects rated that they were satisfied. Noted side
effects were transient mild to moderate tenderness which subsided within 1 to 3 weeks. No serious treatment-related adverse
events were reported. The dual wavelength device combining 1060-nm diode laser with 635-nm LLLTwas safe and effective for
non-invasive reduction of both abdominal and submental fat.
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Introduction

Currently available treatment options for excessive localized
subcutaneous fat include liposuction, cryolipolysis, radiofre-
quency (RF), high intensity focused ultrasound (HIFU), and
low-level laser therapy (LLLT). Liposuction effectively
removes the excess subcutaneous fat from the target area but
a high risk of post-operative pain, bleeding, infection makes it

a less elegant treatment option for moderately obese persons.
In contrast, non-invasive procedures including RF, HIFU, and
LLLT deliver energy to the target area, causing either
refirming of the fibrous tissue supporting the subcutaneous
layer or inducing apoptosis of the adipocytes that constitute
the excess subcutaneous fat. These have been previously dem-
onstrated to effectively reduce localized body fat with mini-
mal risk of side effects.

Localized fat destruction using the 1060-nm wavelength
has been previously evaluated for its efficacy and safety
[1]. This particular wavelength efficiently delivers laser
energy to the subcutaneous adipose tissue with minimal
affinity for other potential chromophores. Hyperthermic
damage to the adipocytes, induced by laser therapy, causes
disruption of the cell membrane leading to cell death, con-
sequently resulting in reduced volume of adipose tissue in
the treated area. LLLT is another modality for localized fat
reduction and its efficacy has been previously evaluated by
Caruso-Davis and colleagues [2]. Unlike other non-
invasive options, fat reduction using LLLT does not in-
volve catastrophic hyperthermic damage to adipocytes.
Instead, it has been demonstrated that LLLT causes
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significant release of fat from adipocytes, resulting in vol-
umetric reduction of the fatty tissue [3].

Under the background described above, we hypothesized
that a novel medical laser beam scanner combining 1060-nm
diode laser and 635-nmLLLT could demonstrate a synergistic
effect in reducing localized subcutaneous fat. This prospec-
tive, multi-center clinical trial was designed to demonstrate
the clinical efficacy and safety of this dual wavelength device
in reducing subcutaneous fat in the abdominal and submental
areas.

Patients and methods

This two-center study was approved by the Institutional
Review Boards (Asan Medical Center, Seoul, Korea; Soon
Chun Hyang University Hospital, Bucheon, Korea) and in-
formed consent was obtained from all study subjects.

Study subjects

The inclusion criteria consisted of healthy volunteers aged
over 19 years, with a body mass index (BMI) ≤ 30 kg/m2

and unwanted localized fat deposits in the abdomen and
submental area measuring ≥2.5 cm and ≥1 cm, respectively,
with a skinfold caliper. All study subjects agreed to neither
take medication nor receive any kind of dermatologic or sur-
gical procedures aiming at reducing body fat during the study
period. Exclusion criteria included pregnant or breastfeeding
status; photosensitivity or use of photosensitizing drug; un-
controlled chronic diseases; presence of malignancy and any
condition which, in the opinion of the investigator, may rep-
resent significant risk to patient health, confound study results,
or interfere with patient participation.

After standard health assessment and medical history, in-
vestigators determined the treatment areas at baseline. A hor-
izontal line was drawn 2 cm below the center of the umbilicus
and the exact areas to be treated were delineated with a surgi-
cal marker so that the applicators could be aligned horizontally
with minimal space between each. Ultrasound images were
serially taken on these predetermined locations.

Study device

The combined 1060-nm and 635-nm laser device used in this
study employs 4 standard applicator heads and one small-
sized applicator head. The standard applicator heads are
joined to create a rectangular zone of radiation of approxi-
mately 112 cm2, or 28 cm2 per applicator. The small-sized
applicator also creates a rectangular zone of radiation of ap-
proximately 5.8 cm2. The standard applicator emits a total
energy of 0.9 to 1.4 W/cm2, of which the energy from 635-
nm irradiation is fixed at 21.5 mW/cm2. The small-sized

applicator emits 0.9 to 2.35 W/cm2, of which a fixed energy
of 36.3 mW/cm2 is from 635-nm wavelength. Each applicator
contains a water-cooled sapphire window that makes direct
contact with the skin, keeping the skin surface cool throughout
the treatment. Treatment time is set at 20–30 min for all
patients.

Study protocol

Subjects received a single treatment with the study device on
both the abdomen and the submental area. Power density of
the treatment was 0.9–1.4 W/cm2 and 0.9–2.35W/cm2 for the
abdomen and submental area, respectively. The treatment was
set at maximal tolerable energy level. Treatment-related pain
was recorded using a 10-point numerical rating scale (NRS).
Adverse events were assessed at each treatment and follow-up
visit. After treatment, aftercare instructions were given to the
subject. Patients were instructed to maintain their current
weight and not to change their diet or exercise routine. If a
subject experienced any discomfort, the application of ice
packs or taking acetaminophen was permitted, along with
gentle massage.

Efficacy evaluation

Ultrasound imaging of the treated areas, body weight and
abdominal circumference measurement were performed at 4,
8, and 12 weeks after treatment. The rate of subcutaneous fat
reduction at 12 weeks after treatment compared with that of
the baseline was set as the primary efficacy endpoint. The
secondary efficacy endpoints included the following:

1) Subcutaneous fat reduction rate at 4 and 8 weeks after
treatment compared with baseline

2) Amount of subcutaneous fat reduction at 4, 8, and 12
weeks after treatment compared with baseline

3) Change in weight loss and abdominal circumference at 4,
8, and 12 weeks after treatment compared with baseline

4) Subjects’ satisfaction assessed by General Aesthetic
Improvement Score (GAIS) for each treatment area at 4,
8, and 12 weeks after treatment

Safety evaluation

All subjects completed the questionnaire addressing adverse
events at each follow-up visit. Safety of the tested treatment
was based on the incidence of treatment-related adverse
events, subjects’ vital signs and laboratory tests. Blood sam-
ples were collected at baseline, 4 and 12 weeks after the treat-
ment and were tested for the following complete blood cell
counts, routine blood chemistry and lipids.
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Statistical analysis

For the statistical evaluation of change in the subcutaneous fat
thicknesses measured by ultrasonography, paired T-tests were
performed to compare baseline values with 12 weeks post-
treatment, and Wilcoxon signed rank tests were performed
to compare baseline values with 4 and 8 weeks post-treatment.
The choice of statistical technique was based on the results of
Kolmogorov-Smirnov test for normality. Paired T-tests were
used to evaluate differences in efficacy endpoints and
treatment-associated pain between the abdomen and the
submental area. Spearman’s rank-order correlation analysis
was performed to determine correlation between the fat reduc-
tion rates of the abdomen and the submental area. All statisti-
cal analyses were performed using a statistical software pack-
age (SPSS, version 22.0; SPSS Inc., Chicago, IL, USA).
Differences were considered statistically significant when P
< 0.05.

Results

A total of 48 participants were enrolled. Among them, 44
participants completed the study protocol and were included
in the analysis. Of the four participants who did not complete
the study, three withdrew their consent during the study period
and one participant was excluded due to change in body
weight exceeding 5% of the initial weight. The characteristics
of the study group are illustrated in Table 1. On blood sample
analysis and physical examination, no subject had significant
comorbidities. Review of medication revealed no concomitant
use of both local and systemic drug that could interfere with
this study.

Reduction of subcutaneous fat

Table 2 summarizes the reduction of subcutaneous fat after
single treatment with the dual wavelength device. Mean sub-
cutaneous fat reduction rate for the abdomen at 12 weeks after
the treatment was 18.62 ± 12.23%, which was statistically
significant (P < 0.0001, Fig. 1A). For the submental area,
the mean subcutaneous fat reduction rate at 12 weeks after
treatment was 26.40 ± 14.65%, which was also statistically
significant (P < 0.0001, Fig. 2). These changes corresponded
to a decrease in thickness by 5.91 ± 4.33 mm and 1.66 ±
1.35 mm for the abdominal fat and the submental fat, respec-
tively. The reduction rates of abdominal fat at 4 and 8 weeks
after treatment were 11.36 ± 8.45% and 16.31 ± 12.63 %,
respectively. This corresponded to an absolute decrease of
3.60 ± 2.90 mm, 5.21 ± 4.34 mm in abdominal fat thickness
at 4 and 8 weeks after the treatment, respectively. For the
submental area, the mean reduction rate of subcutaneous fat
at 4 and 8 weeks after treatment were 14.94 ± 12.14% and

22.61% ± 13.77%, respectively. This corresponded to an ab-
solute decrease of 0.97 ± 1.17 mm, 1.43 ± 1.26 mm in
submental fat thickness at 4 and 8 weeks post-treatment, re-
spectively. For both areas, the rate as well as the amount of
decrease in subcutaneous fat thickness were statistically sig-
nificant at all tested time points (4, 8, and 12 weeks post-
treatment) compared to baseline (P < 0.0001). Also, the de-
crease in subcutaneous fat thickness between consecutive time
points (4 weeks vs. 8 weeks and 8 weeks vs. 12 weeks) was
statistically significant for both treated areas. (P < 0.01) Fig. 3
illustrates the morphological changes in the submental and
abdominal areas before and after the treatment in a represen-
tative case. The ultrasound images demonstrated a notable
decrease in the abdominal fat thickness at week 12. We ob-
served a positive correlation between the reduction rate of the
abdominal fat and that of the submental fat at 12 weeks post-
treatment on Spearman’s rank-order correlation analysis (P <
0.01).

Changes in waist circumference and body weight

The changes in waist circumference and body weight 4, 8, and
12 weeks after the treatment compared to baseline are present-
ed in Tables 3 and 4, respectively. While there was no signif-
icant difference in mean body weight of subjects after the
treatment compared with baseline, the treatment with the dual
wavelength device resulted in a significant reduction in waist
circumference starting from 4 weeks post-treatment and last-
ing until the last follow-up visit at 12 weeks post-treatment. (P
< 0.0001, Fig. 1B and C)

Subject satisfaction

Subject satisfaction was assessed according to the 5-point
GAIS reported by the participants for each treatment area at
4, 8, and 12 weeks after treatment. (0: much worse, 1: worse,
2: no change, 3: improved, 4: much improved). The mean
GAIS for the abdomen at 4, 8, and 12 weeks after treatment
were 2.23 ± 0.42, 2.45 ± 0.66, and 2.48 ± 0.66 points, respec-
tively. For the submental area, the mean scores at 4, 8, and 12
weeks after treatment were 2.32 ± 0.52, 2.61 ± 0.72, and 2.59
± 0.73 points, respectively. Although the reported scores var-
ied from 1 to 4 points, no subject gave a satisfaction score of 0
point (Fig. 4).

Treatment-related discomfort

The mean NRS pain score during the treatment was 5.23 ±
2.81 for the abdomen and 3.25 ± 3.13 for the submental area.
After classifying NRS scores by severity (no pain: 0, mild: 1
to 3, moderate: 4 to 6, severe: 7 to 10), there were 19 (43.2%)
subjects who reported severe pain, 11 (25%) subjects who
reportedmoderate pain, and 10 (22.7%) subjects who reported
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mild pain. Four (9.1%) subjects reported no treatment-related
pain. For the submental area, 10 (22.7%) subjects reported
severe pain, 8 (18.2%) reported moderate pain, 13 (29.5%)
subjects reported mild pain, and 13 (29.5%) subjects reported
no pain during treatment.

Adverse reactions

A total of 15 (34.1%) subjects experienced at least one adverse
event, and 6 (13.6%) of them experienced a total of 8 adverse
events related to the medical device. Six (13.6%) cases of

application site pain and 2 (4.5%) cases of subcutaneous nod-
ules on application were found. None of these lasted to the last
visit. There were no subjects who experienced serious anom-
alies or adverse events that resulted in subject drop-out.

Discussion

A number of body sculpting devices based on low-level laser
therapy (LLLT) and laser therapy have been manufactured
and tested for their clinical efficacy and safety [1, 2, 4].

Table 1 Demographics of study
subjects Classification Number of subjects (%)

All (N = 44)

Gender Male 5 (11.36)

Female 39 (88.64)

Age Mean ± SD 39.55 ± 9.50

Median [minimum-maximum] 40.5[20.0–60.0]

Race Caucasian 5 (11.36)

African American 0 (0.00)

Hispanic 0 (0.00)

Indian 0 (0.00)

Asian 39 (88.64)

Fitzpatrick skin type I 0 (0.00)

II 12 (27.27)

III 11 (25.00)

IV 21 (47.73)

V 0 (0.00)

VI 0 (0.00)

Waist circumference (cm) Mean ± SD 91.64 ± 5.03

Median [minimum-maximum] 91.05 [81.25–102.40]

Weight (kg) Mean ± SD 66.31 ± 9.33

Median [minimum-maximum] 63.75 [50.60–87.40]

BMI(kg/m2) Mean ± SD 25.06 ± 2.69

Median [minimum-maximum] 24.95 [19.20–29.90]

Subcutaneous fat thickness at baseline (mm) Abdomen (Mean ± SD) 31.04 ± 6.52

Submental area (Mean ± SD) 5.87 ± 1.19

Table 2 Change in subcutaneous
fat thickness at baseline and 4, 8,
12 weeks post-treatment

4 weeks 8 weeks 12 weeks

Abdomen

Change from baseline (%, mean ± SD) −11.36 ± 8.45 −16.31 ± 12.63 −18.62 ± 12.23

Change from baseline (mm, mean ± SD) −3.60 ± 2.90 −5.21 ± 4.43 −5.91 ± 4.33

P <0.0001 <0.0001 <0.0001

Submental area

Change from baseline (%, mean ± SD) −14.94 ± 12.14 −22.61 ± 13.77 −26.40 ± 14.65

Change from baseline (mm, mean ± SD) −0.98 ± 1.17 −1.43 ± 1.26 −1.66 ± 1.35

P <0.0001 <0.0001 <0.0001
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Although the degree of subcutaneous fat reduction varied
from one device to another, most LLLT and laser devices
demonstrated moderate success with good safety profile.
Other modalities, including cryolipolysis, high-intensity fo-
cused ultrasound, radiofrequency and whole body vibration,
also demonstrate efficacy in reducing subcutaneous fat [5–7].
Interestingly, there have been reports on the synergistic fat-
reducing effect obtained by combining these modalities [8, 9].
In light of these previous reports, the possibility of combining
laser treatment and LLLT to maximize subcutaneous fat-
reducing efficacy has been postulated. The dual wavelength
device investigated in this study combines 1060-nm diode
laser with LLLT to reduce localized subcutaneous fat.

The primary efficacy endpoint of this clinical trial was the
rate of subcutaneous fat reduction rate at each treated area at
12 weeks after the treatment compared with baseline, deter-
mined by serial measurements of subcutaneous fat thickness
with ultrasonography. The results indicate a significant reduc-
tion of subcutaneous fat thickness after the treatment for both
the abdomen and the submental area. The submental area
showed a greater reduction compared to the abdomen (P <
0.001). This could be the result of higher treatment energy
level of the submental area as the smaller applicator could
reach a higher energy output. Also, because the subcutaneous
fat thickness of the submental area is relatively thin, it is pos-
sible that a higher proportion of subcutaneous fat was exposed
to sufficient laser and light energy compared to the abdominal
area. Previous study evaluating the efficacy of cryolipolysis
for submental fat reduction reported an average absolute de-
crease in submental fat thickness of 2 mm at 12-week post-
treatment [10]. Although the modality chosen to treat
submental fat differs from ours, the dual wavelength device
demonstrated superior submental fat reduction by more than
twofold.

The rate of fat reduction at 4 and 8 weeks after the
treatment compared to baseline was evaluated as a second-
ary efficacy endpoint. A significant decrease in subcutane-
ous fat thickness was observed at 4 weeks after the treat-
ment and onwards. This suggests that the inflammatory
process leading to apoptosis of adipocytes occurs within
the first 4 weeks. Compared to a previous study using the
1060-nm diode laser treatment that reported significant
change in subcutaneous fat thickness at 6 weeks after treat-
ment, earlier onset of significant fat reduction was ob-
served in this study [1]. Further decrease in fat thickness
was seen at 8 and 12 weeks after the treatment, indicating
that the inflammation in subcutaneous adipose tissue lasts
longer than 4 weeks after treatment.

Fig. 1 Changes in (A) abdominal subcutaneous fat thickness, (B) waist
circumference and (C) body weight at 4, 8, 12 weeks after treatment with
the 1060-nm and 635-nm dual wavelength device. * P < 0.0001

Fig. 2 Changes in subcutaneous fat thickness in the submental area at 4,
8, 12 weeks after treatment with the 1060-nm and 635-nm dual
wavelength device. * P < 0.0001
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In this study, we observed a positive correlation be-
tween the rates of fat thickness reduction on the

abdomen and the submental area (P = 0.0002), suggest-
ing that certain subjects respond better to the dual
wavelength treatment. However, we could not identify
demographic factors that are associated with higher fat
reduction. In this regard, future studies to assess clinical
factors that affect the efficacy of this device seem
necessary.

Other secondary endpoints included the absolute change in
subcutaneous fat thickness, changes in body weight and ab-
dominal circumference. The onset as well as the general trend
of absolute reduction of subcutaneous fat was comparable to
that of the fat reduction rate. Body weight showed no signif-
icant change in all subjects during the entire study period. This
suggests that treatment with the dual wavelength device is
intended to reduce localized subcutaneous fat, rather than to
promote weight loss, making it a ‘body-contouring therapy’.
But this observation could have resulted from the participants’
effort to maintain their initial body weight as informed at the
time of enrollment and the exclusion of one subject whose
body weight increased by more than 5% of the initial weight
during study period in order to rule out the effect of body
weight change on the subcutaneous fat thickness. Dual wave-
length treatment on the abdomen resulted in a reduction in
abdominal circumference, which was noted at 4 weeks post-
treatment and lasted through the entire study period.

The participants reported a moderate satisfaction score
of 2.48 and 2.59 on a scale from 0 to 4 for the abdomen
and submental area, respectively. Although this difference
was not found statistically significant (P = 0.23), slightly
higher satisfaction for the submental area may be corre-
lated to the more pronounced fat reduction in the
submental area than in the abdomen. The satisfaction
score was initially expected to be higher, but only a small
number of participants gave a score of 3 or 4. This dis-
crepancy could be attributed to the high expectation of
participants, which is often unrealistic as observed in
any aesthetic procedure. In addition, treatment-related dis-
comfort could have negatively affected the overall satis-
faction since most subjects reported localized pain of a
certain degree during the treatment. Nonetheless, when
compared with other similar studies, the fact that only
one (2.3%) subject reported to be unsatisfied with a score
of 1 for both areas suggest positive rating by the subjects
in general [11, 12].

Fig. 3 Representative case showing both abdominal and submental fat
reductions after treatment with the dual wavelength device. Twelve
weeks after the treatment, this 56-year-old female participant showed
14.7 and 22% decrease in fat thickness of the abdomen and submental
area, respectively, from baseline. Decrease in the abdominal fat thickness
is seen in the ultrasound images

Table 3 Change in waist
circumference at baseline and 4,
8, 12 weeks post-treatment

4 weeks 8 weeks 12 weeks

Waist circumference

Change from baseline (cm, mean ± SD) −2.94 ± 3.81 −2.55 ± 2.67 −2.61 ± 2.98

Change from baseline (%, mean ± SD) −3.25 ± 4.15 −2.79 ± 2.92 −2.87 ± 3.29

P <0.0001 <0.0001 <0.0001
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The degree of discomfort was higher on the abdomen com-
pared with the submental area (P = 0.001). Moderate to severe
treatment-related pain was anticipated as the treatment energy
was set at the highest tolerable level. Pain on the treated area is
considered to reflect the amount of heat energy delivered to
the target tissue, thus the degree of adipocyte injury. However,
while the subjects reported more severe pain on the abdomen,
the rate of fat reduction was more prominent on the submental
area. Therefore, the intensity of pain and degree of fat reduc-
tion do not seem to be directly correlated.

In this study, about one-seventh of the subjects experi-
enced treatment-related adverse reactions, where the most
frequently reported adverse reaction was localized pain on
the treated areas. Also, formation of tender subcutaneous
nodules was observed in two subjects. Considering that the
incidence of pain and nodules on the treatment area was
reported to be 56.6 [13] and 12% [1] in previous related
studies, the dual wavelength modality portends a lower risk
of such adverse events.

Certain limitations need to be addressed regarding this
study. First, owing to the nature of this study, strict con-
trol of both dietary habit and physical activity was not
possible. Nevertheless, we tried to minimize the effect of
weight loss on the subcutaneous fat thickness by regu-
larly checking subjects’ body weight and dropping out

one subject whose body weight increased by more than
5% of baseline. Second, the ultrasound measurement of
the subcutaneous fat thickness is subject to measurement
error and potential bias. Although measurements were
performed by one trained physician in each study center
in order to minimize inter-observer variation, a double-
blinded study seems necessary to overcome potential bi-
as. Finally, the fact that 88.6% of the study subjects were
Asians, with only five (11.4%) Caucasians, makes it dif-
ficult for this study’s results to be generalized to other
races. However, it has been previously demonstrated that
skin of color is more vulnerable to adverse effects such
as pigmentary changes caused by laser treatments [14,
15]. Considering that more than 70% of the subjects
were of Fitzpatrick skin type III/IV and that no serious
treatment-related adverse effects were observed, treat-
ment with the dual wavelength device is expected to be
safe in fair skin.

Conclusion

The results of this study suggest that a single treatment with
the novel dual wavelength device combining 1060-nm diode
laser with 635-nm LLLT can be a safe and effective modality

Table 4 Change in body weight
from baseline at 4, 8, 12 weeks
post-treatment

4 weeks 8 weeks 12 weeks

Body weight

Change from baseline (kg, mean ± SD) 0.23 ± 1.13 −0.10 ± 1.49 −0.21 ± 1.60

Change from baseline (%, mean ± SD) 0.39 ± 1.73 −0.13 ± 2.24 −0.24 ± 2.46

P 0.1939 0.6431 0.391

Fig. 4 Patient satisfaction score at
final visit. Satisfaction was
recorded in 5-point GAIS (0:
much worse, 1: worse, 2: no
change, 3: improved, 4: much
improved).
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for the reduction of localized subcutaneous fat on the abdo-
men and submental area.
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