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Background and Objective: Transmission electron

microscopic images have demonstrated the formation of

transitory pores in adipocyte cell membranes followed by

the collapse of adipose cells subsequent to laser irradiation

of 635nm. The objective is to evaluate the application of a

635nmand 17.5mWexit power permultiple 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 fromMay 2007 to June

2008 across multiple-private practice sites in the United

States ofAmerica. Sixty-seven volunteers between the ages

of 18–65 with a body mass index (BMI) between 25 and

30kg/m2 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

all three sites of�3.51 in. (P< 0.001) comparedwith control

subjects who revealed a �0.684 reduction (P< 0.071745).

Test group participants demonstrated a reduction of

�0.98 in. (P< 0.0001) across the waist, �1.05 in. (P< 0.01)

across the hip, and �0.85 in. (P< 0.01) and �0.65 in.

(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.

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 destruction 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) acrossmyriad

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 observable

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, Neira

et al. [20] examined the effect of LLLT at 635nm with

10mW intensity on human adipose tissue taken from

lipectomy samples. Tissue samples were irradiated for

6minutes and compared with non-irradiated samples.

Utilizing scanning and transmission electron microscopy

(SEMandTEM), more than 180 imageswere 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 60,000� 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 adipocytemembrane 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 6minutes of laser

irradiation exhibited a less defined superficial adipose

layer, less defined septae, and a 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

changeswithin the deep subcutaneous layersmay 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 comparedwith

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

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 promote 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 30 kg/m2 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 alcoholic drinks per week);

prior surgical intervention for body sculpting/weight loss,

suchas liposuction, abdominoplasty, gastroplasty, lapband

surgery, etc.; 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

medication 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 schizophrenia;

psychiatric hospitalization in past 2 years; developmental

disability or cognitive impairment that would preclude

adequate comprehension of the informed consent formand/

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 Erchonia1 LipoLaser,

manufactured byErchoniaMedical, 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 635nm (red) lightwith eachdiodegenerating

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 circumference in inches (in.) of the subject’s waist,

hip, and eachof the left and right thighsweremeasuredand

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 thehip 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.

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 devicewaspositionedat a distance of 6.00 in.

above the participant’s abdomen, centered along the body’s

midline and focused on the navel. The four remaining

diodes were positioned 1208 apart and tilted 308 off the

center light source of the center diode. The scanner device

was activated for 20minutes.

Following anterior stimulation, the participant was then

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’smidline and focused on the equivalent spot to the

navel’s location on the stomach. The four remaining diodes

were positioned 1208 apart and tilted 308 off the center light

source of the centerdiode.The scanner devicewasactivated

for 20minutes. The total laser energy that the subjects

randomized to actual laser treatment received, front and

back treatments combined, was approximately 6.60 J/cm2.

Data Analysis

Theprimary efficacy outcomemeasurewasdefinedas the

change in total combined inches in circumferencemeasure-

ments (waist, hips, and bilateral thighs) frombaseline (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

3.0 in. reduction in combined circumferencemeasurements

for thewaist, hip, andbilateral thighs frombaseline 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 3.0 in. 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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such that the subject’s week 2 circumference measurement

was carried forward as the 2 weeks post-procedure

measurement.

RESULTS

At baseline, the differences in subject pre-procedureBMI

recordings between experimental groups were not found to

be statistically significant (t¼�0.48; df¼ 64; P¼ 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 (t¼�1.18; df¼ 65;

P¼ 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 �3.0 in. 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 3.0 in. or greater

(Table 3). 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 (t¼�7.30; df¼ 65; P< 0.0001).

Compared with baseline, the total combined circum-

ference measurements for test subjects were significantly

lower at all three subsequent evaluation points: �2.06 in.

at week 1 (P< 0.01), �3.52 in. at week 2 (P< 0.01), and

�3.21 in. 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 þ0.30 in., 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 subsequent evaluation points:

�1.794 in. at week 1 (t¼�3.83; df¼ 65; P¼ 0.00029

[P< 0.0005]), �2.838 in. at week 2 (t¼�7.30; df¼ 65;

P< 0.0001), and �2.593 in. at 2 weeks post-procedure

(t¼�6.66; df¼ 65; P<0.0001) (Table 5).

Participants in the test group demonstrated an overall

reduction in circumference of �0.98 in. 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: �0.56 in. at week 1 (P< 0.01), �0.98 in. at week 2

(P< 0.0001), and �1.08 in. 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,

circumferencemeasurements for the hipwere significantly

lower at all three subsequent evaluation points: �0.73 in.

TABLE 1. Pre-Procedure Body Mass Index

Measurements for Treatment Groups (n¼67)

BMI (kg/m2)

Test group

(n¼ 35)

Control group

(n¼ 32) Difference

Mean 25.74 26.05 0.31

BMI, body mass index.

TABLE 2. Pre-Procedure Circumference

Measurements Between Treatment Groups (n¼ 67)

Mean

circumference

(in.)

Test group

(n¼ 35)

Control group

(n¼ 32) P-value

Waist 33.94 34.95 > 0.05

Hip 38.99 39.88 > 0.05

Right thigh 23.80 24.12 > 0.05

Left thigh 23.59 24.14 > 0.05

Total 120.31 122.99 > 0.05

In., inches.

TABLE 3. The Total Number and Percentage of

Treatment Group Participants Meeting the Individual

Success Criteria (n¼67)

Test subjects

(n¼ 35)

Control subjects

(n¼ 32)

Number of participants

meeting success criteria

22 2

% Meeting success criteria 62.86% 6.25%

TABLE 4. Mean Change in Total Combined

Circumference Measurements From Baseline to

Endpoint for Treatment Groups (n¼67)

Test group

(n¼ 35)

Control group

(n¼ 32)

Mean reduction in total

circumference (in.)

�3.521 �0.684

In., inches.
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at week 1 (P< 0.01), �1.05 in. at week 2 (P< 0.01), and

�0.70 in. 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),�0.85 in. at week 2 (P< 0.01), and �0.78 in. at

2weeks 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), �0.65 in. at week 2 (P< 0.01), and �0.67 in. 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-

tion level subsequent 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 appropriatewavelength

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

Fig. 1. Total circumference measurements across study duration for all participants (n¼ 67).

TABLE 5. The Difference in Change in Total Circumference Measurements Between Evaluation Time Points

Between Treatment Groups (n¼67)

Mean reduction (in.) Test group (n¼ 35) Control group (n¼ 32) Difference between groups

Baseline—week 1 �2.06 �0.27 �1.794

Baseline—week 2 �3.52 �0.68 �2.838

Baseline—2 weeks post �3.21 �0.62 �2.953

Week 1—week 2 �1.46 �0.42 �1.044

Week 1—2 weeks post �1.15 �0.36 �0.799

Week 2—week 4 þ0.31 þ0.06 þ0.245

In., inches.
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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 themechanism

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

635nm 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 tomodulate cellularmetabolismandprovoke

diverse biologic responses is strongly dependent on the

intensity, wavelength, and frequency of light being emit-

ted.Moreover, thevery samebiological response inducedby

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].

Fig. 2. Circumferencemeasurements of the waist at each evaluation point for all participants

(n¼ 67).

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

(n¼ 67).
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In accordance to the first law of photochemistry, the

observable biological effect following LLLT can only

transpire in the presence of a photoacceptor molecule, a

molecule capable of absorbing the photonic energy emitted

[27]. No photothermal or photoacoustic mechanisms are

associated with this device; therefore no macroscopic

heating or sensation is observed. An identified target of

laser therapy is a highly specialized enzyme, cytochrome

c oxidase, which plays a crucial role in the bioenergetics of

the cell. Cytochrome c oxidase is a multicomponent

membrane protein that contains a binuclear copper center

(CuA) along with a heme binuclear center (a3�CuB) both

which facilitate the transfer of electrons fromwater soluble

cytochrome c to oxygen [29–31]. This respiratory chain

enzyme, due to the presence of transition metals, has

been shown to absorb photonic energy-identifying cyto-

chrome c oxidase as a photoacceptor molecule [32].

Studies indicate that following laser irradiation at

633nm, the mitochondrial membrane potential and proton

gradient increases, causing changes in mitochondria

optical properties increasing the rate of adenosine diphos-

phate/adenosine triphosphate (ADP/ATP) exchange [33]. It

is suggested that laser irradiation increases the rate at

which cytochrome c oxidase transfers electrons from

cytochrome c to dioxygen [34,35]. Moreover, it has been

proposed that laser irradiation reduces the catalytic center

of cytochrome c oxidase, making more electrons available

for the reduction of dioxygen [36,37].

The upregulation of ATP following LLLT is also coupled

with transient increases in reactive oxygen species (ROS)

which then participates in intracellular signal transduc-

tion [18,27]. The modulation of cellular metabolism and

Fig. 4. Circumference measurements of the right thigh at each evaluation point for all

participants (n¼ 67).

Fig. 5. Circumference measurements of the left thigh at each evaluation point for all

participants (n¼ 67).
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signal transduction has been found to alter gene expression

[38], cellular proliferation [39–43], intra-cellular pH

balance [44], mitochondrial membrane potential [45],

generation of transient reactive oxygen species [46–49]

and calcium ion level [46,50,51], proton gradient [52] and

consumption of oxygen. Modulation of cell metabolism has

also been associated with an increase in lipid peroxidation.

Lipid peroxidation is the oxidative degradation of mem-

brane bound cholesterol resulting in a deleterious effect on

membrane structure and function [53]. Studies have

exhibited that cells subsequent to low-energy laser irradi-

ation can induce the upregulation of secondary free radical

reactions resulting in lipid peroxidation [54,55]. The photo-

induced excitation of lipid peroxidation has been demon-

strated within blood leukocytes following low-level laser

irradiation and perhaps is occurring within adipocytes.

Selected hydroperoxides of cholesterol could be used an

indicator to confirm lipid peroxidation within adipocytes

following LLLT [56].

Further, the upregulation of ROS can directly impact the

cellular redox statewhich can affect the expression of genes

via the activation of specific cellular signaling pathways

including redox-sensitive transcription factors and phos-

pholipase A2 [57]. There are two well-defined transcription

factors, nuclear factor kappa B (NF-kB) and activator

protein-1 (AP-1), which become activated following an

intracellular redox shift to an oxidized state [58,59].

Calkhoven and Ab [59] demonstrated that reductants

generally suppressed transcription factors, preventing

the expression of genes. LLLT provokes a shift of the

intracellular redox state towards an oxidative state,

activating redox-sensitive transcription factors such as

NF-kBandAP-1, upregulating the expression of genes [61].

Perhaps the activation or suppression of specific tran-

scription factors can influence membrane-related proteins

altering the permeability of adipocytes. It is unclear at

this time what cellular components of the adipocyte allow

for this unique laser induced endpoint, which appears to be

distinctive to adipocytes and a small group of other non-

photosynthetic cells.

Controversy exists regarding the photostimulatory sim-

ilarities between LED’s and laser diodes. Although the

biological effects when stimulating superficial surfaces

with an LED or laser diode are the same under similar

parameters; deep tissue photobiomodulation however,

such as emulsifying subcutaneous adipose panicles,

requires a coherent laser diode device [62–64]. The placebo

device used in this controlled study delivered non-coherent

LED light, and based upon the results obtained from the

placebo group participants LED did not generate a statisti-

cally significant reduction in the circumference measure-

ment in inches across all treatment sites at each

subsequent evaluation point.

It is unclear at this time whether the transitory pore

induced by laser therapy is the direct result of upregulated

gene expression via transcription factor activation, lipid

peroxidation by increased superoxide production, or an

exocytosis-like event. Discussing the basic principles of

laser therapy as described above could help guide further

investigations towards uncovering the exact mechanism

employed by laser therapy that ultimately results in the

formation of the adipocyte membrane aperture. The

findings in this study demonstrated laser light’s efficacy

of reducing the circumference measurements at each

treated region across all evaluation points. The statistically

significant difference between test and sham treatment

groups identified the potential for laser therapy to serve as

an adjunctive or independent treatment for subcutaneous

fat reduction. Moreover, the higher study outcome satis-

faction ratings reported by subjects in the test group than

by subjects in the sham treatment group is statistically

significant indicating that the efficacy of the application of

LLLT for body contouring is clinically meaningful. Further

studies analyzing the long-term effects should be con-

ducted. Moreover, an investigation of the long-term

benefits of improved nutrition and exercise stimulated by

Fig. 6. Percentage of test andplacebo participantswhowere satisfied anddissatisfied (n¼ 61).
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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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