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Background and Objective: Transmission electron
microscopic images have demonstrated the formation of
transitory pores in adipoeyte cell membranes followad by
the collapse of adipose cells subsequent to laser irradiation
of 635 nm. The objective is to evaluate the application of a
635nm and 17.5 mW exit power per multiple diode laser for
the application of non-invasive body contouring of the
waist, hips, and thighs,

Study Design/Patients and Methods: Double-blind,
randomized, placebo-controlled trial of a 2-week non-
invasive laser treatment conducted from May 2007 to June
2008 across multiple-private practice sites in the United
States of America. Sixty-seven volunteers between the ages
of 18-65 with a body mass index (BMI) between 25 and
30kg/m® and who satisfied the set inclusion criteria
participated. Eight of the 67 subjects did not have circum-
ference measurements recorded at the 2-week post-proce-
dure measurement point. Participants were randomly
assigned to receive low-level laser treatments or a match-
ing sham treatment three times per week for 2 weeks.
Reduction in the total combined inches of circumference
measurements of the waist, hip and bilateral thighs from
baseline to the completion of the 2-week procedure
administration phase was assessed.

Results: Participants in the treatment group demon-
strated an overall reduction in total circumference across
allthree sites of —8.511in. (P < 0.001) compared with control
subjects who revealed a —0.684 reduction (P < 0.071745).
Test group participants demonstrated a reduction of
—0.981in. (P <0.0001) across the waist, —1.05 in. (P < 0.01)
across the hip, and —0.85in. (P<0.01) and —0.85in.
(P <0.01) across the right and left thighs from baseline to
2 weeks (end of treatment). At 2 weeks post-procedure, test
group subjects demonstrated a gain of 0.31 total inches
collectively across all three sites. Se i
Conclusion: These data suggest that low-level laser
therapy can reduce overall circumference measurements
of specifically treated regions. Lasers Surg. Med. 41:799—
809,2009. © 2009 Wiley-Liss, Inc.
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INTRODUCTION

The emergence of non-invasive modalities targeting
subcutaneous fat to achieve a slimming effect continues to
gain interest amongst physicians and patients. Numerous
delivery mechanisms have been developed to achieve
adipocyte destruetion including, ultrasound, infrared, and
radio frequency [1-5]. The external application of photonic
energy at high intensities can generate significant adverse
events if not properly utilized; therefore, all parameters
must be properly explored in order to identity which
delivery mechanism yields the most desirable results
while minimizing adverse events,

In recent years, there has been an upsurge in the
application of low-level laser therapy (LLLT) across myriad
neurologic, dental, ophthalmic, dermatologic disorders,
and injuries [6-10]. LLLT has been proven to be a safe
and effective therapeutic option in clinical and histological
trials; yet, a great deal of skepticism still remains regarding
the efficacy of this modality at the clinical level.

Numerous studies have exhibited laser therapy’s ability
to induce an assortment of cellular reactions in non-
photosynthetic cells. Laser therapy has been shown to
preserve the membrane and genetic material of cells that
are nutritionally starved [11]; regenerate erythrocytes
enhancing their oxyphoric function [12]; enhance fertiliza-
tion potential of spermatozoa [13]; stimulate the dif-
ferentiation of satellite stem cells [14—16]; reduce the
extent of myocardial infarctions and ischemic strokes [17];
and improve wound healing and modulate chronic inflam-
mation [18]. A continually growing body of evidence
suggests that laser therapy can alter cell bioenergetics,
consequentially influencing the functional biochemical
properties intracellularly, culminating in an ohservable
diverse clinical effect._
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Understanding the photobiomodulatory principles of
laser therapy, Neira et al. [19] applied laser therapy at
635nm to cultured adipocytes and revealed an ability to
emulsify the targeted tissue. In a separate study, Neir
et al. [20] examined the effect of LLLT at 635 nm with
10mW intensity on human adipose tissue taken from
lipectomy samples. Tissue samples were irradiated for
6 minutes and compared with non-irradiated samples,
Utilizing secanning and transmission electron microscopy
(SEM and TEM), more than 180 images were collected, and
revealed that 99% of the cellular content including fat was
released from the adipocyte, a phenomenon not observed
within the control samples [20]. Further, TEM images of
the adipose tissue were taken at 60,000x and revealed the
formation of a transitory pore and complete deflation of
adipocytes [20]. The cells within the interstitial space and
capillaries remained intact demonstrating that the photo-
chemical event was unique to the adipocytes [20]. It was
concluded that the disruption of the adipocyte membrane is
what enabled the liberation of the stored fatty material;
thus, prompting the collapse of the adipocyte [19-21].

To confirm the histological findings and assess the depth
of penetration of LLLT within the subcutaneous layer,
Neira et al. [22] assessed T1 and T2 MRI sequences to
evaluate any radiological changes subsequent to laser
irradiation. The T2 sequence following 6 minutes of laser
irradiation exhibited a less defined superficial adipose
layer, less defined septae, and & much more coalescent
adipose tissue. The study confirmed a change in fatty
density and organization of both superficial and deep fat
while supporting Neira’s histological work. The morpho-
logic changes of deep subcutaneous fat cannot be attributed
to direct photostimulation; however, studies have revealed
a systemic effect associated with LLLT in which non-
irradiated adjacent cells become stimulated via intercel-
lular communicators [23—25]. Therefore, the observable
changes within the deep subcutaneous layers may be based
upon the system effect found subsequent to LLLT.

Based upon the histological evidence, Jackson et al. [25]
applied LLLT externally several minutes prior to the
aspiration phase of lipoplasty in order to evaluate the
impact adipocyte disruption could have on the procedure
and for patient recovery. Jackson et al. [25] noted that for
those patients receiving LLLT a greater volume of fat was
able to be extracted and reduction in post-operative edema
and pain was observed. Blinded physicians were asked to
rate on a visual analog scale (VAS) from 1 to 100 their
assessment of ease of extraction with 100 being the hardest
to extract. Dr. Jackson noted that non-irradiated patients
averaged an ease of extraction score of 73.84 compared with
laser-treated patients averaging an extraction score of
12.88 [25]. Jackson concluded that laser-induced emulsifi-
cation was observable at the clinical level based upon the
ease of extraction scores for laser-treated subjects.

Although multiple studies have been published high-
lighting adipocyte modifications subsequent to laser ther-
apy and its ability to serve as an adjunctive tool for
liposuction, the purpose of this institutional review board
study was to evaluate the clinical use of LLLT as an
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independent modality in reducing total combined circum-
ference measurements of waist, hip, and thighs. This
investigation attempts to position LLLT as a safe
and effective modality for non-invasive body contouring
building upon numerous histological studies. The device
utilized in this investigation possesses the same wave-
length and a similar intensity to the instruments analyzed
by Neira and Jackson.

METHODS
Participants

Seventy-seven individuals were evaluated for study
suitability; all 77 qualified and were enrolled. Sixty-seven
of the qualified and enrolled subjects attended the initial
pre-treatment phase and completed study participation
through the study endpoint.

All subjects deemed eligible for participation in this
clinical study satisfied each of the following inclusion
criteria: subject is candidate for liposuction of the waist,
hips and bilateral thighs; willing and able to abstain from
partaking in any treatment other than the study procedure
to pramote body contouring and/or weight loss throughout
the course of study; willing and able to maintain regular
diet and exercise regimen without effecting significant
change in either direction during study participation; and
were between the ages of 18—65 years.

Subjects had none of the following exclusionary con-
ditions: body mass index (BMI) of 80 kg/m® or greater;
diabetes mellitus dependent on insulin or oral hypoglyce-
mic medication; known cardiovascular disease such as
cardiac arrhythmias and congestive heart failure; history
of cardiac surgery such as coronary artery bypass, heart
transplant surgery, and pacemakers; excessive alcohol
consumption (more than 21 alecholic drinks per week);
prior surgical intervention for body seulpting/weight loss,
such asliposuction, abdominoplasty, gastroplasty, lap band
surgery, ete.; medical, physical, or other contraindications
for body sculpting/weight loss; current use of medications
known to affect weight levels and/or to cause bloating or
swelling and for which abstinence during the course of
study participation is not safe or medically prudent;
medical condition known to affect weight levels and/or to
cause bloating or swelling; diagnosis of, and/or taking
medieation for, irritable bowel syndrome; active infection,
wound or other external trauma to the areas to be treated
with the laser; pregnant, breast feeding, or planning
pregnancy prior to the end of study participation; serious
mental health illness such as dementia or schizophreniza;
psychiatric hospitalization in past 2 years; developmental
disability or cognitive impairment that would preclude
adequate comprehension of the informed eonsent form and/
or ability to record the necessary study measurements;
involvement in litigation and/or a worker’s compensation
claim and/or receiving disability benefits related to weight-
related and/or body shape issues; and participation in a
clinical study or other type of research in the past 90 days.

All subjects were recruited from the assessment investi-
gators’ patient base: who presented for liposuction
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consultation, signed the informed consent form, and
satisfied all of the study eligibility criteria. Subjects were
not offered any form of compensation to participate in the
clinical trial, nor were they charged for the cost of the laser
procedure or related evaluations.

Randomization and Blinding

The clinical study was a prospective, controlled double-
blind parallel group three-center design. Sixty-seven
participating subjects, 35 were randomized to the active
treatment group and 32 were randomized to the sham-
treatment group. Subject randomization was performed by
a third party and was computer generated.

Intervention

Subjects assigned to the test group were treated with a
multiple head low-level diode laser consisting of five
independent diode laser heads each with a scanner,
each emitting 635nm (red) laser light with each diode
generating 17mW output (The Erchonia® LipoLaser,
manufactured by Erchonia Medical, Inc.). Sham-treatment
group participants were treated with a multiple head non-
laser red light-emitting diode (LED) consisting of five
independent red diode light heads each with a scanner,
each emitting 635 nm (red) light with each dicde generating
2.5mW power. Both the sham treatment light and real
laser devices were designed to have the same physical
appearances, including the appearance of any visible light
output.

Study Design

The circamference in inches (in.) of the subject’s waist,
hip, and each of the left and right thighs were measured and
recorded across all time points. The hip circumference
measurement was made such that both hip bones were
encircled. The waist circumference measurement was the
distance in inches from the top of the hip bone to the point at
which the circumference of the waist was measured (the
subject’s natural waist formation). Finally, bilateral thigh
circumference was the distance in inches from the hip bone
down the point at which the circumference of the thighs
were measured. Furthermore, the same individual at each
test site was responsible for all circumference measure-
ment recordings for all subjects at that test site to preserve
study consistency removing the potential of inter-inves-
tigatory variability,

The circumference in inches for participant’s waist, hips,
and each of the left and right thighs along with their BMI's
were measured at four different times: pre-procedure; end
of first procedure week; end of second procedure week; and
2 weeks post-procedure,

The treatment phase of the study commenced imme-
diately following the pre-procedure circumference meas-
urements. The treatment phase extended over two
consecutive weeks, with each subject receiving six total
treatments with the laser or sham light scanning device
across the consecutive 2 weeks; three procedures per week,
each treatment two days apart. Each procedure took place
at the investigators’ test sites. :

801

The procedure protocol required that subjects entered
the procedure room and were placed in a comfortable
supine position upon the treatment table. Subjects were
fitted with blindfolds. The center diode of the laser or sham
light scanning device was positioned at a distance of .00 in.
above the participant’s abdomen, centered along the body’s
midline and focused on the navel. The four remaining
diodes were positioned 120° apart and tilted 30° off the
center light source of the center diode. The scanner device
was activated for 20 minutes.

Following anterior stimulation, the participant wasthen
placed in a prone position upon the treatment table. The
center diode of the laser scanner was positioned at a
distance of 6.00 in. above the subject’s back, centered along
the body’s midline and focused on the equivalent spot to the
navel's location on the stomach. The four remaining diodes
were positioned 120° apart and tilted 30° off the center light
source ofthe center diode. The scanner device was activated
for 20 minutes. The total laser energy that the subjects
randomized to actual laser treatment received, front and
back treatments combined, was approximately 6,60 J/cm?.

Data Analysis

The primary efficacy outcome measure was defined as the
change in fotal combined inches in circumference measure-
ments (waist, hips, and bilateral thighs) from baseline (pre-
procedure) to following completion of the 2-week procedure
administration phase (end of week 2).

Individual subject success criteria was defined as at least
3.01in. reduction in combined circumference measurements
for the waist, hip, and bilateral thighs from baseline to after
completion of the 2-week study procedure administration
protocol phase. The overall study success criterion, estab-
lished by Food and Drug Administration (FDA), was
defined as at least a 35% difference between treatment
groups, comparing the proportion of individual successes in
each group. It was determined by the FDA that a reduction
of at least 3.0in. was clinically meaningful. In addition to
the analysis of circumferential reduction as a means to
determine a clinically meaningful outcome, participants
were asked to assess their level of satisfaction pertaining to
their overall change in body shape at the completion of the
treatment administration phase. Patients were asked to
record a rating on a 5-point scale of very satisfied, some-
what satisfied, neither satisfied nor dissatisfied, not very
satisfied, not at all satisfied.

Data were analyzed according to the intention-to-treat
principle, including all subjects who had been randomized
to treatment groups were included provided they had
circumference measurements recorded at baseline. Drop-
outs, terminated subjects, and so forth were included by
carrying forward the last observation for all time points
following Last Observation Carried Forward (LOCF)
method. Eight of the 67 subjects did not have circumference
measurements recorded at the 2 week post-procedure
measurement point: 4 of these subjects who had been
randomized to the test group and 4 of these subjects who
had been randomized to the sham-treatment group. For
these eight subjects, the (LOCF) method was employed,
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TABLE 1. Pre-Procedure Body Mass Index
Measurements for Treatment Groups (n =67)

Test group Control group
BMI (kg/m?) (n=35) (n=32) Difference
Mean 25.74 26.05 0.31

BMI, body mass index.

such that the subject’s week 2 circumference measurement
was carried forward as the 2 weeks post-procedure
measurement.

RESULTS

Atbaseline, the differences in subject pre-procedure BMI
recordings between experimental groups were not found to
be statistically significant (¢1=-0.48; df=64; P=0.647
[P>0.05]) (Table 1). Moreover, the differences in subject
pre-procedure body circumference measurements between
treatment groups were not found to be statistically
significant for any body area or for the total number of
inches of all body areas combined (t=-1.18; df=65;
P=0.240 [P > 0.05]) (Table 2),

Of the 32 sham light treated group participants, 6.38% (2
subjects), demonstrated a total decrease in combined
circumference measurements from pre-procedure to study
endpoint of —3.01n. or greater, while 22 (62.9%) of the 35
enrolled test group participants demonstrated a reduction
of —3.0 in. or greater, a significant difference between both
groups (P <0.0001).

Fifty-seven percent more test group participants than
sham light treated group participants showed a total
decrease in combined circumference measurements from
pre-procedure to study endpoint of 3.0in. or greater
(Table 8). This outcome exceeded the pre-established target
of 35% difference between treatment groups by 22%.

Comparison of the two independent group means for the
continuous variable of mean change in total combined
circumference (total number of inches) from study baseline
to endpoint demonstrated a mean difference of —2.837
(Table 4). The difference was found to be statistically
significant (t = —7.30; df =65; P < 0.0001).

Compared with baseline, the total combined circum-
ference measurements for test subjects were significantly

TABLE 2. Pre-Procedure Circumference
Measurements Between Treatment Groups (n =67)
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TABLE 3. The Total Number and Percentage of
Treatment Group Participants Meeting the Individual
Success Criteria (n =67)

Test subjects Control subjects

(n=235) (n=32)
Number of participants 22 2
meeting success criteria
9% Meeting success criteria 62.86% 6.25%

lower at all three subsequent evaluation points: —2.06 in.
at week 1 (P<0.01), —8.52in. at week 2 (P <0.01), and
—3.21in. at 2 weeks post-procedure (P < 0.01). Sham light
treated group subjects from baseline to 2 weeks post-
procedure produced an overall reduction in total combined
circumference measurements of —0.62 in. (P > 0.05), More-
over, sham light treated group participants compared with
baseline demonstrated statistically insignificant changes
in total combined circumference measurements across all
three subsequent evaluation points (P > 0.05) (Fig. 1).

Test group participants from week 2 to 2 weeks post-
procedure revealed an overall gain in total circumference
measurements of +0.30in., which was not statistically
significant (P > 0.05).

Compared with baseline, the changes in total circum-
ference measurements between groups were statistically
significant at all three subseguent evaluation points:
—1.794in. at week 1 (t=-3.83; df=65; P=0.00029
[P <0.0005]), —2.838in. at week 2 ({=-7.30; df=65;
P<0.0001), arid —2.593in. at 2 weeks post-procedure
(t =—6.66; df = 65; P<0.0001) (Table 5).

Participants in the test group demonstrated an overall
reduction in circumference of —0.98in. across the waist
from baseline to week 2 (P <0.0001). Compared with
baseline, circumference measurements of the waist were
significantly lower at all three subsequent evaluation
points: —0.561in. at week 1 (P <0.01), —0.981in. at week 2
(P<0.0001), and —1.08in. at 2 weeks post-procedure
(P <0.001). Subjects assigned to the sham light treated
group revealed insignificant changes in waist circum-
ference measurements across all evaluation points
(P> 0.05) (Fig. 2).

For test group participants, compared with baseline,
circumference measurements for the hip were significantly
lower at all three subsequent evaluation points: —0.73 in.

Mean TABLE 4. Mean Change in Total Combined
circumference Test group Control group Obivoing M "

o ; / ircumference Measurements From Baseline to
(in.) B30} (n=32) e Endpoint for Treatment Groups (n =67)
Waist 33.94 34.95 >0.05
Hip 38.99 39.88 >0.05 Tastgroup.  Contedl group
Right thigh 23.80 24.12 >0.05 : =t i ot
Left thigh 23.59 24.14 >0.05 Mean reduction in total -3.521 —0.684.
Total 120.31 122,99 - >0.05 circumference (in.)
In., inches.

In., inches.



LOW-LEVEL LASER THERAPY

803

124

123 e
§ 42- 122 : A g,
g = [
EE 1
& L .
g g =, 4 \
S 3 119 |
=B i
£ =
B \ L

117 T ¢

116 T ;

Baseline Week 1 I Week 2 g 2 Weeks Post
e TeSt 12031 118.25 i 115.79 | 117.0¢
{5~ Control 12299 12273 _ 12231 | 122.37
Study Duration |
—g—Test -2 - Control

Fig. 1. Total circumference measurements across study duration for all participants (n = 67),

at week 1 (P <0.01), —~1.05in. at week 2 (P < 0.01), and
—0.70in. at 2 weeks post-procedure (P < 0.01). Sham light
treated group participants demonstrated insignificant
changes in hip circumference measurement across all
evaluation points (P > 0.05) (Fig. 3).

Compared with baseline, circumference measurements
of the right thigh for test subjects were significantly lower
at all three subsequent evaluation points: —0.49 in. at week
1(P<0.01), —0.85in. at week 2 (P < 0.01), and —0.78in. at
2 weeks post-procedure (P < 0.01). Participants of the sham
light treated group revealed insignificant changes in right
thigh circumference measurements across all measure-
ment points (P > 0.05) (Fig. 4).

Compared with baseline, circumference measurements
of the left thigh for test subjects were significantly lower at
all three subsequent evaluation points: —0.29 in, at week 1
(P <0.05), —0.651n. at week 2 (P<0.01), and —0.67in. at
2 weeks post-procedure (P < 0.01). For subjects assigned to
the sham light treated group, the changes in left thigh
circumference measurement across all measurement
points were not statistically significant for any interval
(P> 0.05) (Fig. 5).

Of the total 67 study participants, 61 responded to the
satisfaction survey. Thirty of the 35 test subjects and 31 of
the 32 sham light treated subjects assessed their satisfac-

TABLE 5. The Difference in Change in Total Circumference Measurements

Between Treatment Groups (n = 67)

tion level subseguent to the treatment administration
phase. Twenty-one test group participants (70%) and eight
sham light group participants (26%) recorded a “satisfied”
rating. (Fig. 6) Moreover, 1 test group participant and
11 control group participants recorded a “dissatisfied”
rating (Fig. 6). The difference of the rating score between
the two treatment groups was found to be statistically
significant (P < 0.0005).

DISCUSSION

In this double-blind, controlled, randomized trial, we
observed that low-level laser of the appropriate wavelength
applied three times per week for 2 weeks can significantly
reduce the circumference at specifically targeted tissue
sites due to reduction in the adipose layer. To fully
appreciate these results, further scientific exploration
is required to gain a better understanding of the role
the lymphatic and circulatory systems may play in the
absorption of the released triglycerides, fatty acids, and
other adipocyte stored material evacuated following
the laser induced formation of the transitory pore.
Further, a study must be conducted to assess the long-
term maintenance of the circumferential loss. A non-
randomized, non-controlled study assessing the alteration
of serum triglyceride and cholesterol levels using the same

Between Evaluation Time Points

Mean reduction (in.) Test group (n=35)

Control group (n=32) Difference between groups

Baseline—weelk 1 —2.08
Baseline—week 2 -3.52
Baseline—2 weeks post —-3.21
Week 1—week 2 - —1.46
- Week 1—2 weeks post —-1.15
Week 2—week 4 +0.31

—0:27 —1.764 --
—0.68 —2.838
-0.62 —2.953
—0.42 —1.044
-0.36 —-0.799
+0.06 +0.245

In,, inches.
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(n=867).

treatment parameters as used in this study was recently
completed, the study will be published with preliminary
results revealing an overall reduction in both triglyceride
and total cholesterol levels following 2 weeks of laser
therapy [26]. Further, no adverse events were reported in
this clinical investigation. Punch biopsies were not per-
formed during this clinical investigation as the mechanism
of adipose tissue reduction has been previously demon-
strated in the literature by Neira’s work which provided
compelling evidence that the application of laser therapy at
635 nm with output intensity between 7 and 20mW
consistently induces the formation of a transitory pore
within the membrane of adipocytes provoking their
collapse.

This ability to modulate cellular metabolism and proveke
diverse biologic responses is strongly dependent on the
intensity, wavelength, and frequency of light being emit-
ted. Moreover, the very same biological respanse induced by
a specific wavelength can be further optimized or inhibited
depending whether the radiation characteristic is pulsatile
or constant wave (CW) [27]. The parameters of laser light
are important in the emulsification of adipocytes. Dr. Neira
[20] noted that greater intensities of laser light did not
achieve the same biological response that lower energy
output devices did. Across multiple laser applications,
studies indicate a greater induction of cellular modulation
is readily attained utilizing low-energy laser devices
[18,28].

m
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Fig. 3. Circumference measurements of the hip at each evaluation point for all participants

(n=67).
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the positive motivation of rapid circumferential reduction
should be performed. Although a concerted effort must
exist amongst multiple medical practitioners to properly
educate the patient on the importance of healthy choices,
non-invasive body-contouring tools like LLLT, may play a
vital role in encouraging patients to adhere to new lifestyle
changes,
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A Double-Blind, Placebo-Controlled Randomized Trial
Evaluating the Ability of Low-Level Laser Therapy
to Improve the Appearance of Cellulite
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Background and Objective: Cellulite iz present in 80%
of post-adolescent women. Several technologies have been
developed for treating cellulite: however, they all involve
some degree of massage or mechanical manipulation, The
purpase of this study was to assess the effectiveness of &
low-level laser light device employing green 532 nm
diodes as & stand-alone procedure without massage oI me-
‘chanical manipulation for improving the appearance of
cellulite in the thighs and buttocls.

Sindy Design/Materiais and Methods: This double-
blind study rendomized subjects to undergo treatment with
the LLLT device (N = 34) or sham treatment (N = 34).
During & 2-week treatment phase, each subject received
three weekly treatment sessions 2-8 days apart. During
each session, the front and back of the hips, thighs, and
waist were exposed for 15 minutes (30 minutes total).
Results: Nineteen subjects in the LLLT group achieved a
decrease of one or more stages on the Nurnberger-Muller
grading scale (55.88%) versus three subjects (8.82%) in
the sham-treated group (P < 0.0001). Two LLLT-treated
subjects achieved 2-stage improvements on the Nurn-
berger-Muller Scale at the 2-week study endpoint and
four did at the 6-week follow-up evaluation versus none of
the sham-treated subjects at either time point, Subjects
treated with LLLT achieved a significant decreese in com-
bined baseline thigh circumference at the Z-week study
endpoint and 6-week follow-up evaluation (for each,
p < 0.0001 ve. baseline) versus no change for sham-
treated subjects. LLLT-treated subjects also showed
significant decreases in mean baseline body weight
(P < 0.0005), BMI (P < 0.001), and percent BSA affected
by cellulite (P < 0.0005) versus no change for any param-
eter among sham-treated subjects, Most LLLT treated
subjects (62.1%) were Very Satisfied or Somewhat Satis-
fled with the improvement in cellulite they received
versus 25.8% of sham-treated subjects. There were no
reports of adverse events,

Conclusions: Low-level laser therapy using green
532 nm diodes is safe and effective for improving the

© 2013 Wiley Periodicels, Tne.

appearance of cellulife in the thighs and buttocks.
In contrast with other technologies, LLLT is effective
as a stand-alone procedure without requiring massage
or mechanical manipulation. Future studies will
assess the long-term benefits of LLLT for the treatment
of cellulite, Lasers Surg. Med. 45: 141-147, 2018.

© 2018 Wiley Periodicals, Inc,

Keywords: 532 nm wavelength; aesthetic therapy; green
diode; gynoid lipodystrophy; noninvasive therapy

INTRODUCTION

Gynoid lipodystrophy, or cellulite, refers to superficial
pockets of trapped fat which causes the skin to have an
uneven dimpling or “orange peel” appearance. Although
rarely seen in men, it is present in 90% of post-adolescent
women [1). Cellulite is most eommonly located on the
thighs, buttocks, and lower abdomen but is unrelated to
ohesity which is due to an increase in the number and size
of adipecytes.

The cause of cellulite appears to be multifactorial and
not universally agreed upon, but is likely due fo altera-
tions in the intercellular matrix of subeutaneous tissue
and changes in vascular and lymphatic microcirculation
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[2). The formation of cellulite is also due to differences in
the structural anatomy of subcutaneous tissue in women
with a possible influence of estrogen [2,3]. Regardless
of the underlying cause, herniation of subcutaneous
fat occurs within fibrous connective tissue results in the
characteristic appearance of cellulite.

Cellulite does not represent a disease state and there is
no cure for it; however, numerous treatments have been
developed to improve the appearance of cellulite. Among in-
dividuals with poor venous return, vigorous massage may
enhance the removal of interstitial fiuid by inereasing eireu-
lation &nd kymphatic drainage and also break down adhe-
sions [1]. A device consisting of rollers purportedly reduces
cellulite by improving venous recurn and stimulating lipoly-
sis and the production of collagen and elastin [4.5).

QOther noninvasive systems have been developed which
combine massage or mechanicel manipulation with vari-
ous technologies including bipelar radiofrequency, ultra-
sound energy, laser or infrared light, and suction [6-13].
Clinical studies performed with all of these devices have
reported varying dégrees of improvement in the visual im-
provement in cellulite and skin texture. Numerous topical
cosmeceuticals are also promoted as treatments for cellu-
lite which contain caffeine or methylxanthines, retinoids,
alpha hydroxy acids, or & variety of herbal extracts [1].
While a few of these report beneficial results [14,15], there
is little clinical evidence that the majority of these prod-
ucts can improve the appearance of cellulite [16].

In contrast to nominvasive treatments, mesotherapy
involves microinjections of various combinations of drugs,
vitamins, and natural extracts into the mesoderm where
they reportedly provide beneficial effects by causing lipol-
yais [17,18]. The safety and efficacy of this procedure have
not been established through randomized, double-blinded
controlled studies. Consequently, there are no FDA-ap-
proved mesotherapy preparations. The use of mesother-
apy for the treatment of cellulite has been associated with
toxieity and other adverse effects [18,20].

The purpose of this randomized, double-blind, sham-
controlled study is to determine the effectiveness of & low-
level laser light device employing green 532 nm diodes for
improving the appearance of cellulite in the thighs and
buttocks, Unlike other technologies, low-level laser thera-
py will be used as a stand-alone procedure without mas-
sage or mechanical manipulation.

METHODS

Study Subjects

The study enrolled healthy subjects who were 18-
55 years of age and expressed a desire to improve the ap-
pearance of their cellulite. Study subjects were rated as 1
or 2 on the American Society of Anesthesiologists Physical
Status Classification System and had moderate bilateral
thigh and buttock cellulite graded as Stage II or ITI on the
Nurnberger—Muller scale, Each subject expressed their
willingness to abstain from participating in any treat-
ment designed to improve cellulite appearance, promote
weight loss or improve body contouring during the study

JACKSON ET AL.
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including but not limited to cellulite creams, lotions and
gels; over-the-counter and prescription medications in-
cluding dietary/herbel supplements/minerals and appe-
tite suppressants; weight loss, diet, or exercise programs;
light, or heat treatments; mesotherapy, surgicel proce-
dures such ag liposuction, abdominoplasty, stomach sta-
plinig, or lap bands; and alternative therapies such as
acupuncture, body wraps, hypnotherapy, or massage.
Each subject agreed to maintain their normal pre-study
diet and exercisa regimen.

Reasons for exclusion from the study included cellulite
on their thighs or buttocks graded as Stage 0 or 1 on the
Nurnbergar—Muller scale; weight fiuctuation >10 pounds
during the prier month; prior atiempts to reduce celiulite
in the planned treatment areas during the previons
6 months: current uee of any medication known to affect
body weight or cause bloating or swelling which could not
be safely diecontinued during the study; a medical condi-
tion known to affect body weight levels or cause bioating
or swelling; a history of irritabie bowel syndrome; active
infection, dermatitis, significant scarring, or trauma in
the planned treatment areas; photosensitivity or contra-
indicatione to light therapy; diabetes mellitus requiring
the use of insulin or oral hypoglycemic agents; cardiovas-
cular disease or a history of cardiac surgery, desp venous
thrombosis, or arterial disease of the legs; pregnancy,
breast feeding, or planned pregnancy prior to the end of
study; mental illness, developmental disability, or cogni-
tive impairment that could prevent providing informed
consent or jeopardize the study objectives; or participation
in another clinical study during the prior 30 days.

Low-Level Laser Device

The LLLT device used in this study (Erchonia® GL
Scanner; Erchonia Corporation, McKinney, TX; GLS) is
fundamentally the same as 2 LLLT device described in
previous studies [21] but utilizes six 532-nm green diodes
instead of five 635-nm red diodes (Fig. 1}. Four mounted
diodes in the scanner device are positioned 120° apart
from one another and titled at a 30° angle. The remaining
two dicdes are positioned 4 from the center and tilted at
a 15° angle. Internal mechanics of the GLS collect the la-
ser light emitted from each dicde and processes it through
a proprietary lens which redirects the beam with a line
refractor. The refracted light of each diode is bent into a
random, spiraling pattern that is independent of the other
diodes. The overlapping patterns of light ensure totel cov-
erage of the treatment area. The target area is approxi-
mately 8" x 10" in. (80 in.” or approximately 516 cm?).
Each diode has & mean power output of 17 mW and the
totel output of the six diodes is 102 mW.

The LLLT device used in the clinical trial eould be acti-
vated with two buttons: based on the randomization
schedule, the Investigator would push the button which
activated the actual 17 mW, 532 nM laser or the button
which activated e sham 1.26 mW, 532 nM green light-
emitting diode (LED). When activated, the sham LED
light is indistinguishable from green laser light. Subjects
were provided with safety goggles during each procedure.
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Fig. 1. The prototype LLLT device used in this study utilized
six 532 nm gresn diedes. Each diode had a mean power
output of 17 mW and the total output of the six diodes was
102 mW. Based on the randomized treatment for each
patient, the Tnvestigator pushed one button on the device
which turned on the aciive 17 mW, 532 nM laser or the but-
ton which activated & sham 1.25 mW, 532 nM pgreen Iighi-
emitting diode (LED), When activated, the sham LED light is
indistinguishable from green laser light,

Procedure

Using a computer-generated sequence methodology, sub-
Jjects were randomized fo undergo LLLT or sham treat-
ment. During the 2-week treatment phese, each subject
received three weekly treatment sessions at least 2 days
but not more than 3 days apart. Lying on their back, each
subject was comfortably positioned on the treatrment tahle,
The center diode of the GLS was positioned 4 in. above the
abdomen, centered along the body midline and focused on
the navel. The device was activated for 15 minutes. After-
ward, the subject turned over onto their stomach and the
GLS was again positioned 4 in. above the back, centered
along the body midline and focused above the navel. The
GLS was again activated for 15 minutes.

Primary Outcome Measure

During pre-investigational device exemption (IDE) dis-
cussions, representatives of the Food and Drug Adminis-
tration determined the primary efficacy outcome measure
for this study should be the difference in the proportion of
LLLT- and sham-treatment subjects achieving a bilateral
decrease of one or more stages on the Nurnberger—Muller
grading scale, a widely used tool for measuring cellulite
[12,223: . ’

e Stage 0: No dimpling or apparent visible alterations to
the skin surface upon standing or lying down or upon
pinching the skin, ’

« Stage I: No dimpling or apparent visible alterations to
the skin surface npon.standing or lying down. Dimpling
appears with the pinch test or muscular contraction.

143

e Btage II: Dimpling appears spontaneously when stand-
ing but not when not lying down. The oran ge peel
appeerance of the skin is evident to the naked eve, with-
out need for manipulation.

Stage ITT: Dimpling is spontaneounsly present when both
standing and lying dowr, evidert to the naked eye with-
out need for manipulation. Orange peel skin surface ap-
pearance with raised areas and nodules.

In addition to ciessifying cellulite severity, the Nurn-
berger~Muller scale can be used to assess changes in se-
verity following treatment intervention. Assessments
using the Nurnberger-Muller scale were made at hase
line, 2 weeks (following the last treatment Bession) and
& weeks (4 weeks after the last trearment session).

Dher hssessments

Uther pre- and posi-ireatment assessments included
circumferential measurements of the right and left thigh,
body mass index (BMI), and the body surface area (BSA)
covered by cellulite [23,24]. Thigh cireamierence meas-
urements were made while the suhject stood erect with
their weight evenly distributed on both feet with legs
slightly parted. The circumference of each thigh was mea-
sured 1 cm below the gluteal line or fold (buttock crease).
The pressure-senczitive tape measure recorded circumfer-
ence to within 1 m. All measurements were made by the
blinded Investigator.

Other assessments included the presence and logation
of existing irregularities on the thighs and buttocks such
ae scars, asymmetries, stretch marks, discoloration; clini-
cal features associated with cellulite including the severi-
ty of “orange peel,” sub-cyanotic white spots, pain upon
skin palpation, hypothermic slkin, paresthesias, and tel-
angiectasias; or seroma formation. Enrolied subjects were
queried about any changes in routine OTC and preserip-
tion medication use or other therapies and diet and exer-
cise regimens reported during baseline assessments,

At the completion of the Week 2 study procedures, each
subject was asked to rate how satisfied they were with
any overall change in the appearance of the cellulite
in their thighs and buttocks areas using the following
five-point scale:

Very Batisfied

Somewhat Satisfied

Neither Satisfied nor Dissatisfied
Not Very Satisfied

Not at All Satisfied

Safety

Safety assessments consisted of adverse events
reported by subjects during the study and any adverse
effect in the treatment area observed by the investigators,

Statistical Analysis

The primary endpoint was the proportion of subjects
achieving a decreage of >1 grades of the right and left
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LHUCRE ET 27 (80%) 31 (94%)
Afriva; foneresn 3 (3%) —
Midd!s Eastern 2 {7%) 2 (6%)

Aliete weere

1 cubjects in the LLLT group and
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TABLE 3. Changes in Nurnberger-Muller Scale
Btages, Per-Protocol Population

LLLT- Sham-
treatment treatment
(N = 23) (N =29
Week 2, n (%)
Decrease of 2 stages 2 (9%) —
Decrease of 1 stage 13 (56%) 1 (8%}
No change 8 (35%) 27 (B4%93)
Increase of 1 stage — 1 (3%;
Week 6, n (%)
Decrease of 2 stages 4 (17%) —
Decrease of 1 siage 13 (57%) 4 (14}
No change 6 (28%) 27 (83%)
Increase of 1 stage 1) 1(3%)

point and four did at the &-week follow-up evaluation
versus none of the sham-treated subjects at either time
point (Table 3). The majority of sham-treated subjects
demonstrated no change in Nurnberger-Muller Scale at
the 2- and 6-week evaluations (88% and 79%,
respectively).

Subjects treated with LLLT demonstrated a significant
decrease in combined baseline thigh circumference at the
2-week study endpoint and 6-week. follow-up evaluation
(for each, P < 0.0001 vs. baseline) while subjects undergo-
ing-sham treatment showed no change (Table 4; Fig. 2).
Similarly, LLLT-treated subjects showed significant
decreases in meen baseline body weight (P < 0.0005),
BMI (P < 0.001) and percent BSA affected by cellulite
(P < 0.0005) while no change was chserved for these
paremeters among sham-treated subjects (Table B).
Among the participants responding to the satisfaction
gurvey, 62.1% of LLLT-treated subjects were Very Satis-
fied or Somewhat Satisfied with the improvement in cellu-
lite they received from treatment versus 25.8% of sham-
treated subjects (Table 6; Fig. 8).

Other Assessments

None of the participating subjects reported any devia-
tion from baseline diet, exercise or madication uss during
the study that would impact any study meesurements. No

TABLE 4. Change in Combined Thigh Circumference,
Per-Protocol Population

S i LLLT- Sham-
i Luile oving Individoal Buceess T S il
LLLT- Sham- N=28) - (N =29)
freaiment treatment Change (in.) Mean (SD) Mean (SD)
v, = 34} (N = 34) Significance™ Pre-treatment . 4713 (4.16) . 45.59 (4.36}
S TP = Post-treatment (Week 2) = 45.27 (4.34)* 45.22 (4.35)
iienss (S dgNaR 288 P<0000L  popowup (Week 6) 4477 (476)°  45.18 (4.44)
iisener’s suact tert for swo independent propertions. *P < 0.0001 versus baseline.
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Fig. 2. Subjects treated with LLLT demonstrated = signifi-
cant decrease in combined baseline thigh circumference at
the 2-week study endpoinl and 8-week follow-up evaluation
while for subjects undergoing sham treatment showed no
chenge. P < 0.0001 versus baseline.

changes in any of the recorded baseline skin markers at
any of the three-study evaluation visits were noted for
any subject in the study. There were no reports of adverse
events.

DISCUSBION

The results of this study indicate LLLT using a green
532 nm diode is an effective stand-alone method for im-
proving the appearance of cellulite. These results are in
contrast with other technologies which require massage
or mechanical manipulation to achieve beneficial effacts.
It could be argued that massage may even play a role in

TABLE 5. Changes in Body Weight, BML and BSA
Affected by Cellulite
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TABLE 6. Subject Batisfaction Survey, Ber-Pratocol
Population

LLLT- Sham-
treatment treatment
(N =29 (N = 31)
Respanae, N (%)
Very satisiied 10 (84.5) 2 (6.5)
Somewhat satisfied 8(27.5) 6(19.4)
Neither satisfied 8(27.5 14 (45.2)
nor dissatisfied
Not very satisfied, 1{3.5) 9(29.0)
Not at all satisfied 207.0) —

LLLT- Sham-
treatment ireatment
(N = 23) (N = 29)
Body weight (Ib), mean (SD)
Pre-treatment (Baseline) 154,55 (25.53)  154.34 (28.78)
Post-treatment (Week 2)  153.00 (25.26)* 154.05 (28.70)
Follow-up (Week 8) 152.77 (24.86)" 153.62 (28.45)
BMI (kg/m®), mean (SD)
Pre-treatment (baseline} 25.99 (3.04) 24.80 (2.69)
. Post-treatment (Week 2)  26.73 (2.98))  24.85 (2.66)
Follow-up (Week B) 25.70 (2.95)  24.79 (2.62)
BSA (%), mean (8D) 4
Fre-treatment (baseline) 16.65 (6.23) 14.74 (6.92)
Post-treatment (Week 2) 12,76 (6.47)*  14.08 (6.55)
Follow-up (Week £) -12.38 (8.77)* 13.58 (6.59)

"P < 0.0005, one-way ANOVA for correlated sazmples.
'P < 0.001, one-way ANOVA for correlated samples.

the improvements reporied following the application tapi-
cal products for 4 and 12 weeks [14.15). The repeated ap-
plication of a cream or gel involves repeatedly rubbing the
product into the skin and the act of massaging the affeci-
ed areas with topical products may be responsible for
these results [1],

A large and growing body of research is revealing the
unigue and diverse biological response that oceurs follow-
ing the application of low-level laser light to living tissue.
LLLT has been shown to modify gene expression [25], cel-
Iular proliferation [26-30], intracellular pH belanee [31],
mitochondrial membrane potentials [32], generation of
transient reactive oxygen species [33-36], calcium jon ley-
els [33,37,38], proton gradients [29], and cellular oxygen
consumption [40].

While the exact mechanism remains unknown, previ-
ous work by others has shown that 532 nm lasers induce
2 hiological cascade at the cellular level resulting in ob-
servable clinical effects that include promoting collagen
synthesis [41-47], We propose that the use of 532 nm
light may correct the irregular pattern of connective tis-
sue associated with collagen and induce skin tightening
by stimulating the synthesis of new collagen. The applica-
tion of green laser may therefore serve as an effective

ELLLT Group
E Sham Group

- Sutisfied -

Dissatisfied

Fig. 3. Among the participants responding to the subject sat-
isfaction survey, 62.1% of LLLT-treated subjects were Very
Batisfied or Somewhat Satisfied with the improvement in
cellulite they received from treatment versus 25.8% of gham-
treated subjects. - i
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method of decreasing the appearance of cellulite by tight-
ening the skin.

The subjects in the study achieved significant improve-
ment in the appearance of eellulite on the thighs and but-
tocks following six 30-minute treatment sessions over &
period of 2 weeks. These improvements persisted for a
minimum of 4 weeks following the last treatment. The
number of subjects achieving 2-stage improvement on
the Nurnberger-Muller Seale increased from twe at the
2-week study endpoint to four at the 6-week follow-up
evaluation suggesting clinical -improvements may even
continue to occur following treatment. Future studies will
further assess the long-term benefits of LLLT for the
treatment of celinlite.

CONCLUSION

Low-level laser therapy using green 532 nm diodes is
safe and effective for improving the appearance of ecellu-
lite in the buttocks and thighs and buttocks after 2 weeks.
In contrast with other technologies, LLLT is effective as e
stand-aione procedure without massege or mechanical
manipulation. The results from the current study indicate
the beneficial effects of LLLT on cellulite persist for
4 weeks. Future studies will aseess the long-term benefits
of LLLT for the treatment of cellulite.
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