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lJlIckgrou lld lind Ohj t·clh.'c: Trunsmtssicn electron
microscopic Ima ges have de mon atr uted the formation of
t ransitory pun's in adipocyte cell me mbranes followed by
th e collap se uf udi pose cells s\l h&~q \l cnt tu laser irradiation
of 635 nm . Th e ubjective is to evaluate the application of a
635 nm a nd 17.5 mW exit power pe r multipl e diod e lase r- for
the app licllt ion uf non-iuvusive body contouring of the
wa ist, hips, fi nd thighs .
Study Ut's ign!Pa ti enti'l lin d Meth o ds: Doub le-b lind,
randomixod , placebo-cont r olled tria l of a 2-week non 
invasive 1 U>'I~ r t reatment conducte d from May 200 7 to June
2008 acmss multiple-pr-ivntc practice si tes in the Uni ted
St.utl~ S ofAmericu. S txty -eeven volunteers between the egee
of 18 -65 with u body mus s index (HM O between 25 and
30 kglm~ an d wh o sat b;fied the se t inclusion crite ri a
participat ed . gi gh t of th e 67 subjects did not have circum
Ierence measu re men ts recorded at the z-week post -proce
dure mea su remen t poi nt. Particip an ts .....ere randomly
assigued to receive low-level laser treatments or a match
ing sham treatment three ti mes pe r week for 2 weeks.
Redu ction in the total combined inches of circumference
measurements of the wai st, hip an d hituteral thigh s from
ba seline to th e complet ion of the z -wcck proced ure
administ rat ion phase wa s assessed.
It esul ts: Participa nts in the t reatment group de mon
stra ted an overall reducti on in total circumference across
all three sitcsof - 3.5 1 in .(1'< 0.00 1jcorn pared with control
subjects who revealed a - 0.684 reduction (P c 0.071745).
Test group par ticipants de mo nstrated a reduction of
- 0.98 in . (P< 0 .000 1) acro ss the wa ist , - 1.05 in . (p c O.O1l
across the hip, a nd - 0.85 in . (1' <:O.OlJ and - D,B5 in .
IP <: O.OIl across the right and left thighs from baseline to
2 weeks (end of t rea tment) . At 2 weeks post-procedu re , test
gro up subjects demonstrat ed a gain of 0.31 total inches
oollectively ecrcss all three si tes.
Co ncl u s io n : These data suggest that low-level laser
therapy ca n red uce overall circumference measureme nts
of specifically t rea ted regions. Lasers Surg. Moo. 41:799 
809,2009. C 2009 Wiley-Lise, Inc.
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INT ROD UCTION

The emergen ce of non-invasive modaliti es targeti ng
subcutaneous fat to achieve a slimming effect continues to
gain interest amongst physicians and pa tients. Numerous
delivery mec hanisms ha ve been de veloped to achie ve
ad ipocyte dosrructlon including, u ltrasou nd , infrared , an d
radio freque ncy 11-51. Th e external application ofphotonic
energy at h igh intensities can generate significant adverse
events if not pro perly utilized: therefore , all para mete rs
must be properly ex plored in order to identity wh ich
delivery mechunlsm y ields the most desirable res ults
while minimi zing: adverso events.

In recent years, there has been an upsurge in th e
applica t ion of low-leve l laser ther apy ILLL1') acro ss myriad
neurol ogic, dental, oph tha lm ic, de r metologic disord ers ,
and injuries (6 - 101. LLLT has been proven to be a safe
and effective therapeu tic option in clinical and histological
t r ia ls ;yet, a great deal ofskepticis m still remains rebrarding
the efficacy of th is mod ality at the clinical level.

Nu me rous studies have exhibited laser th era py's ability
to induce an assortme nt of cellular react ion s in non
photosynth etic cells. Laser therapy has been shown to
preserve the membrane a nd genet ic material of cells that
are nutrition ally s tarved (I ll; rege nera te erythrocytes
enh a ncing their oxyphoric fu nct ion 112); enhance fertiliaa
tion potent ia l of spermatozoa (131; stimulate the dif
ferenti a t ion of satellite stem cells 114- 16]; reduce the
extent of myoca rd ial infarction s and isch emi c strokell (171;
and improve wound healing and modu la te chronic inflam
mation (181. A continually gro wing body of evidence
suggests that laser therapy ca n alter cell bioenergetics ,
cnnsequenually ln llue ncing th e fu nct ional biochemical
propert ies intracell ularly, cul mi nating in an ohse rvable
di verse clini ca l effect.
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Under standing the photobiomodu latory principles of
la se r thera py, Neira et al . 1I9J applied laser t her apy at
635 om to cu ltured adipccytes a nd revealed a n ab ility to
emulaify the targeted tissue. In II separate st udy, Neira
1.'1 a l. 1201exa mined the effect of LLLT at 6.15nm with
10 roW intensity on human adipose ti ssu e taken from
lipectomy sa mples. Ti ssu e samples were irradiated for
6 minut es a nd compa red with non-irradiated sa mples .
Utilizing sca n ning a nd trans missio n electron microscopy
(SEM and TE:'.l l. more t ha n 180 images were collected, and
revea led that 99% of t he cellula r content including fat was
released from the adipocyte, a phenomenon not observed
within t he control sa mples (20). Fu rthe r, TEM imob'"eS of
the adipose tissue were taken at 6O,OOO x and re vealed t he
formation of a transito ry pore a nd comp lete deflation of
adipocytes 120]. Th e cells within the inte rsti t ia l space an d
ca pi llaries re mai ned intact de monstrati ng that the photo
che mical even t was u nique to the edipocytes [20J. It was
conclu ded that the disruption ofthe adipocyte membrane is
what enabled the liberation of t he sto red fatty mat eri al;
thus, prompting th e colla pse of the adi pocyte (19-21).

To confirm the histologi cal find ings a nd assess the dep th
of penet ration of LI.l .T within the su bcutaneous laye r,
Neira et a l. 1221 assessed T l and 1'2 MRI sequences to
eval uate a ny radiologi cal changes su bsequent to la ser
irradia tion . The 1'2 seq uence following 6 minutes of laser
ir radiation exhibited a less defined superficial ad ipose
layer, less defined eeptae, and a much more coa lescent
adi pose tissue. Thc st udy con firmed a change in fatty
density and orga nization of both superficial and deep fat
while support ing Neira's hletolcgical work. The morpho
Iogic eha uges ofdL-ep subcutaneous fat ca nnot be attributed
to di rect photostimulation; however, studies have rev eal ed
a systemic effect associated with LLLT in whi ch non
ir radia ted adjacent cells become stimulated via intercel
lular cumm u ntcetors 123- 25J. Therefore, the observable
change s within the deep subcutaneous layers may be based
u pon th e system effect found su bsequent to LLLT.

Based u pon the histologica l evidence , Jackson ot aJ. [251
a pplied LLLT exte rna lly several minutes pr-ior to the
aspiration phase of lipoplasty in order to evaluate the
impact adipocyte disruption cou ld have on the proc edure
a nd for pat ient recovery. J ackso n et at. [251 noted that for
those patients receiving LLLT a greater volu me of fat was
able to be extracted and reduction in post-operative edema
a nd pain was observ ed . Blinded physicia ns were asked to
rate on a visu a l an alog sca le (VAS) from 1 to 100 t heir
ussosamcnt of ease of extract ion wit h 100 be ing the hardest
to ex tract. Dr. J ackson noted that non-ir radiated patients
averaged an ease ofextraction scoreof73.84 compared with
laser-treated patients averaging an extraction score of
12.88 (25). J ackson concluded that laser-induced emu lsifi
ca ti on was obse rva ble at the clin ica l level based upon the
ea se of ext ract ion scores for laser-treated su bjects.

Althou gh multiple st udies have bee n publi shed high.
lighting ed ipocyte modifications subsequent to laser ther
apy and its ab ility to serve as an adju nctive t()(J1 for
liposu ct ion , the purpose of this institutional review board
st udy was to evaluate the clin ical use of LLLT as an

independe nt mod ality in reducing total combined circum
ference mea su rements of wa ist , hip , and thighs. This
investigat ion attempts to position LLLT as a safe
a nd effect ive modal ity for non-invasive body contourin g
buil ding upon numerous histologica l s tud ies. The device
util ized in thi s investigation possesses the sa me wave
len gth and a similar intensity to the ins truments analyzed
by Neira and J ackson .

l\Uo;TIIO US

P a rt ici pants

Seventy-seven individual s were evaluated for study
su itabili ty ; all 77 qualified and were enrolled. Sixty -seve n
of the qualified and enrolled su bjects at tended the initi al
pre-treatment phase a nd completed study pa rtic ipation
th rou gh t he study end point.

All su bjects deemed eligible for participat ion in this
clinica l study satisfied each of the following inclusion
crite ria: su bject is candidate for liposuction of the wais t,
hips and bilateral thighs; will ing a nd able to abstain from
partak ing in a ny treatment ot he r than the study procedure
to promote body contou ri ng and/or weight loss t hroughou t
t he course of s tudy ; willing an d abl e to main ta in regular
diet a nd exercise regimen without effecting signi ficant
change in either di rection during st udy participation; an d
were between the ages of 18- 65 yea rs.

Subjec ts had none of the following exclusionary con
ditions: body mass index (HMO of 30 kg/m2 or greater;
diabetes mell itus de pendent on ins u lin or oral hypoglyce
mic med ication; known cardiova scu lar disease such as
ca rdiac arrhythmi as and congestive heart fa ilure; hi story
of ca rdiac surgery such as coro nary artery bypass, heart
transp lan t surgery, and pacemakers; excessive alcohol
consu mption (more than 21 alcohulic drinks pe r week);
prior surgical intervention for body sculpting/weight loss,
such us liposuction, ubd omlnoplasty, gastroplasty, lap band
surgery. ctc.; medica l, physica l, or other contraind icatio ns
for body sculptin g/weight loss; current use of medications
known to ufTect weight levels and/or to cause bloating or
swelling an d for whic h abstinence during the course of
study participation is not safe or medic ally prudent;
med ical condit ion known to affect weight levels and/or to
ca use bloating or swelli ng; diagnosis of, and/or taking
medication for , irritable bowe l synd rome; active infection,
wound or other exter na l tr au ma to th e areas to be treated
with the laser; pregnant , breast feeding, or plan ning
pregnancy pr-ior to the end of s tudy part icipation; serious
mental health illness such as dementia or schizophrenia;
psychiatric hospitalization in pa st 2 years; deve lopmenta l
disability or cogn itive impa irmen t that would preclude
adequate compre hension of t he inform ed consent for m a nd/
or ability to record t he necessa ry study mea suremen ts;
involve ment in liti gation and/or a worker' s compensation
clai m a nd/o r receiving disability bene fits related to weigh t
re lat ed a nd/or body shape isaues; and participation in a
cli nica l study or ot her type of research in the past 90 days.

All aubjecta were recruited from the assessmen t inves ti 
ga tors' pa tien t base: who presented for liposuction
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consultation, signed the informed consent form, an d
satisfied all of the study el igibility criter ia. Subjects were
not offered any form of com pensation to pa rticipate in the
clinical trial, nor were they charged fur the cost ufthe laser
procedu re 01 ' related evaluations .

R a n d o miza t ion and lllindi n g

Th e clinical study was a prospectiv e, contro lled double
blind parallel group three-center design. Sixty-seven
participating subjects, 35 were randomized to the active
treatment f,'TOUp and 32 were randomized to t he sh am
treatment group. Subject ra ndomization was pe rformed by
a third party and was computer generated.

In te r ven tion

Subjects assigned to the test group were treated wit h a
mult iple head low-level diode lase r consisting of five
independent diode la ser heads each wit h a scanner,
each emitting 635 nm (red) laser light wit h each diode
generating 17mW output (The Erchonia" Lipol.aser,
manufactured by Erchonia Medical, Inc.). Sham-treatment
group par t icipan ts were treated with a mult iple head non
laser red light-emitting diode (LED) consisting of five
independent red diode light heads ea ch with a scanner,
each emitting 635 nm (red) l ight with each diode ge nerating
2.5 mW power. Rot h the sham treatment light and real
laser devices were designed to have the same physical
appeara nces, including the appearan ce of any vis ible light
output.

Stud y De sign

The circumference in inches (in.I of the subject's waist,
hi p, and each of th e left and right thigh s were measured a nd
re corded across all t ime points . The hip ci rcumference
measurement was made such that bot h hip bonos were
encircled . The waist circu mference measurement was the
distance in inches from the top of the hip bone to the point at
which the circumference of the wa ist was measured (the
subject's na tu ral wa ist formation ). fi nall y, bilateral thigh
circumference was the dist ance in inches fro m th e hip bone
down the point at which the circu mference of the thighs
we re measu red. Furthermore, th e same individual at each
test site was responsible for all circumference measure
me nt recordings for all subjects at that test site to preserve
study consistency removing the potential of inter-inves
tigatory variability .

The circumfer ence in inches for participant's waist, hips,
and each of the left and right thighs along with their 8 MI's
were measured at four different times: pre-procedure; end
of first procedure week; end of second procedu re week; and
2 weeks post-procedure,

The treatme nt phase of the study com menced imme
diately following the pre-procedure circu mference meas
urements. The treatme nt phase extended over two
consecutive weeks, with each subject re ceiving s ix 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 procedu re took place
a t the invest iga tors ' test sites.

The procedure protocol required that subjects entered
the procedure room and we re placed in a comfortable
su pine position upo n the t reatment table. Subjects were
fitted with blindfolds. The center diode of th e laser or sham
light scanningdevicc was positioned at a distance of6.00 in.
above t he participant's abdomen, centered along the body's
midline and focused on the navel. The four remaining
d iodes were positioned 120" apart and tilted 30 ° off the
center light source of t he center diod e. The scanner device
was activated for 20 minutes,

Following anterior sti mulation, the participant was then
placed in a prone position up on the treatment table. The
center diode of the laser scanner wa s positioned at a
distance of 6.00 in . ab ove 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 foul' remaining diodes
were posi t ioned 120" apart and ti lted 30° ofTthe center light
sourceofthe center diode. The sca nner device wa s activated
for 20 minute s. The total las er energy that the subjects
ran dom ized to actual laser t reatment received, front and
back treatme nts combi ned, was ap proximately 6.60 J/cm 2

.

Da t a Analy sis

The primary efficacy outcome measure was defined as the
change in total combined in ches in circu mfere nce measure
ments (waist, hips, and bilateral thighs ) frurn baseline (pre
procedure) to folluw ing completion of the 2-week procedure
ad ministration phase (end of week 2).

Individu al subject success criteria was defined as at least
3.0 in, reduction incomb ined circumference measurements
for the waist, hip, and bil a teral thighs from baseline to after
completion of the 2-week study procedure administration
protocol phase . Th e overall study success criterion, cstub
lished by Food and Drug Ad minist ra tion (FDA), was
defined as at least a 35% difference betw een t reatment
groups, com paring the proport ion of ind ividual successes in
each b'TOUP. It was deter mi ned by the FDA that a reduction
of at least 3.0in . was cli nically meaningful. In addition to
the analysis of cir cumfer ential reduction as a means to
determine 11 cl inically meaningful outcome, participants
were asked to assess their level of sa ti sfaction pertaining to
their overall change in body shape at the completion of th e
treatment adrninisu-ation phase. Patient s were asked to
record a rating on a 5-poi nt scale of very satisfied, some
what satisfied, nei ther satisfie d nor dissatisfied, not very
satisfied, not at all satisfied .

Data were analyzed accordi ng to the intention-to-treat
principle, incl ud ing all subjects who had bee n randomized
to t re atment ,,'TOUpS were included provided they had
circumference measurements reco rded at baseline. Drop
outs, te rminated subjects, a nd so forth were included by
currying forw ard the last obse rvation fur aIL ti me poin ts
following Las t Observa tion Ca rried Forward (LOCF)
method. Eight of the 67 subjects did not hav e circumfere nce
me asurements rec orded at the 2 week post-procedure
measu rement point: 4 of these subjects who had been
randomized to the test group a nd 4 of these su bjects who
had been randomized to the sham-treatment group. For
these eight su bjects, the (LOe Fj method wa s emp loye d,
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TABLE 1. P re -P r ocedure Bod y Ma ss Ind ex
Measuremen t s [0" Treat m ent Grou p s (II == 67)

TAB LE 3. Th e Total Nu mber and Perce ntage of
Trea tm en t Gr oup Pm-t lc ipu n ts Meeti ng the Individ ual
Success Criteria (Il = 67)

Mean

Test group
(n = 35)

25.74

Control group
(n = 32)

26.05

Difference

0.31

Test subjects
(n =-35)

Control subjects
(n =- 32)

BM!, body mass index.
Number uf part icipants

meet ing success criteria
% Meeting success criteria

22

62.86%

2

6.25%

such that the subject's week 2 circumference measurement
was carried forwa rd as t he 2 weeks post-pro cedure
measurement.

R E SULT S

At baseline, t he differences in subject pre-procedure 8M I
recordings between experi menta l groups were not found to
be statistically significant (t = - 0,48; df = 64 ; P = 0.647
!p > 0.05 )) (Table 1) . More over, the differen ces in subject
pre-procedure body circumference measurements between
treatment groups were not found to be st at is tica lly
significant for any body urea or for the total nu mbe r of
inches of all body areas combine d (t = - 1.18; df =B5;
p = 0,240 II' > 0.05]) (Table 2).

Of th e 32 sham ligh t treated group participants , 6.38% (2
subjects ), demonstrated a total decrease in combined
circumference measuremen ts 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
uf - 3 ,0 in. ur gr eater , a significant difference between both
groups (P < 0.0001).

Fifty-seven percent more test group participants than
sham light t rea ted group par t icipa nts showed a total
decrease in comb ined circumference measurements from
pre-procedure to study endpoint of 3.0 in. or greater
(Table 3). 'I'hl soutcome exceeded the pre-establ ished target
of35% difference between treatment groups by 22%.

Comparison or the two independent gr oup means for the
con tin uous variable of mea n change in total combined
circumference (tota l number of inches) from study ba seline
to endpoint demonstrated a mean difference of - 2.837
(Table 4). The difference was fou nd to be statist icall y
s ignificant <t = - 7.30; df = 65 ; I' < 0.0001 ).

Compared wit h baseline, th e tota l combined circum
ference measurements for test su bjects were significantly

TABLE 2. Pre-P roced ure Circum fere nce
Meal;u rcments Be tween Treat ment Groups (n = 67 )

lower- at all three subsequent evaluation points: - 2.06 in .
at week 1 (P < O.Oll, - 3.52 in . at week 2 (P < n.m ), an d
- 3.2 1 in . at 2 weeks post-procedure (P < 0.0 1). Sham light
treated group subj ects from baseline to 2 weeks pos t
procedure produced an overall reduction in tot a l comb ined
circumference measurements uf - 0.62 in. fP > 0.05). More
over, sham light t reated g'1'OUp participants compared with
baseline demonstrated sta tistically insignificant changes
in total combined circumference measurements acros s all
three subsequent evaluation points (}l > 0.05 ) Wig. I ).

Test group participants from week 2 to 2 weeks post
procedure revealed an overall gain in tota l circumference
measurements of + 0.30 in., which wa s not st at ist ica lly
significan t (P> 0.05 ).

Compared wit h baselin e, the changes in tota l circum
ference measu remen ts betwee n groups were statistically
significant at all three sub sequent evaluation poin ts:
- 1.794 in. a t week 1 (t = - 3 .83 ; df =65; P =0 .00029
IP< 0.0005D, - 2,838 in. a t week 2 <t = -7.30; df =65;
P < 0.0001 ), and - 2.593 in. at 2 weeks post-procedure
(t = - 6.66; df = 65 ; P <O.OOOll (Table 5).

Pa rticipants in the test gr ou p demonstrated an overall
reduction in circumference of - 0.98 in. across the wa ist
from baseline to week 2 (P < 0.0001). Compared wit h
besellne, circumfe rence me asurements of the waist were
s ignificantly lower at all three subsequent evaluation
points: - 0.56 in. at week 1 (P< O.Ol ), - 0.g8 in. a t week 2
(P < O.OOOll, and - 1.08 in. a t 2 weeks post-procedure
(P < O.OOll. Subjects assigned to the sha m ligh t treated
gr oup revealed in significant ch anges in waist circum
ference measurements across all evaluation poin ts
(P> 0.05) Wig . 2).

For test group participants, compared with baseline ,
circumference measurements for t he hip were significantly
lower at all th ree subsequent evalu a tion points: - 0.73 in .

- 0.684

Control group
(n = 32)

Test grou p
tn = 35 )

- 3.521Mean redu ct ion in tot al
circumfere nce (in.)

TABLE 4. Mean Chan ge in Total Co mbi ne d
Ctr cu mte rcnce Measu rem ents Fr om Baseline to
End po int for Tr-eutment Gr ou ps (n =- 67 )

Test group Control group
(n = 35) (n = 32) P-va lue

33.94 34.95 > 0,05
38.99 39.88 > 0.05
23.80 24.12 > 0.05
23.59 24.14 > 0.05

120,31 122.99 > 0.05

Mean
circumfe rence
(In .)

Waist
Hlp
Right thigh
Left thigh
Tota l

In., inches. In., incbes.
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Fig , 1. Total circumference measu rements acros s study du ration for all pa rt icipants In = 67).

at week 1 (P< O.01), ~ 1.05 in . at week 2 (P< O.Ol), a nd
- 0.70 in. at 2 weeks post-procedure (P < O.OIl . Sham light
t rea ted !,'TOUp par t icipants demonstrated Insignificant
changes in hip circumference measurement across all
evaluation points <P> 0.05 ) (Fig. 3l.

Compared with baseline, circumference measurements
of t he right thigh for test subjects were significantly lower
at all three subseque nt evaluation points: - 0.49 in. at week
1 (P < 0.011, - 0.85 in. at week 2 (P < 0.01 ), and - O.78 in. a t
2 weeks post-procedure (P < 0.01). P artici pants of the sham
light treated group revealed insignificant ch anges in ri ght
thigh circum ference measurements nernss all measure
men t points (P > O.OS) Wig. 4).

Compared with basel ine, cir cumference measurem ents
of the left thigh for test subjects were significan tly lowe]' at
a ll three subseque nt ev alua t ion point s: -0.29 in. at week 1
(P < 0.05 ), - 0.65 ill. at week 2 (P < O.Oll, and - 0.67 in, at
2 weeks pos t-procedure (P < 0.01). For subjects assigned to
the sham light treated group, the ch anges in left thigh
circu mference measure ment across all measurement
points were not statistically significant for any interval
(P> 0.05) (Fig , 5).

Of the total 67 study participants, 6 1 responded to the
satisfa ction survey . Thi r ty of the 35 tes t subjects and 31 of
the 32 sham ligh t treated subject", assessed their satisfac-

t ion level subsequent to the treatment administration
phase. Tw enty-one test group par t icipants (70%) and eight
sham light group part icip ants (26%) recorded a "sa t is fied"
rating. (Fig . 6) More over, 1 test group participant and
11 control group participants recorded a "dissatisfied"
rat ing (F ig. 6). The di fference of the rating score bet ween
the two treatment groups was fou nd to be statis tically
significant (l ?< 0.0005),

DISC USSION

In th is dou ble-blind , controlled, randomized trial, we
observed that Iow-levelIese r- uf the appropriate wavelengt h
applied three times per week for 2 weeks can sign ifica ntly
reduce the circumference at spec ifica lly targeted tissue
sitos du e to reduct ion in the adipose layer. To fully
ap pr eciate these results, further scientific exploration
is required to gain a better understanding of the role
th e lym phatic and circulatory systems may play in the
absorption of t he rel eased t rigl yceridea, fatty acids, and
other adipocyte stored material evacuated following
t he laser induced formation of the transitory pore.
Fu rther , a study must be conducted to assess th e long
term maintenance of the circumferential loss. A non
randomized, non-controlled study assessing th e alteration
of serum triglyceride and choleste rol levels using t he same

TABLE 5. Th e Difference in Change in Total Ci rcu m fer ence Me asurements Between Evalu a ti on Time P oi nts
Between T roatmont Gr ou ps ( II = 67)

Mean reduction (in.)

Baseline---week 1
Baseline-week 2
Baseline-2 weeks post
Week I-week 2
Week 1-2 weeks post
Week 2--week 4

In. , inches.

Test group (n = .35)

- 2.06
- 3.52
- 3.21
- 1046
- 1.15
+ 0.3 1

Control g roup ( n = 32)

- 0.27
- 0.68
- 0,62
- 0.42
- 0 ,36
+ 0 .06

Difference between groups

- 1.794
- 2.838
- 2.953
- 1.044
- 0.799
+0.245
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35

•

-~--33.5

33

34.53

-------,
2 We eks Post.

--I
32 .8632.96

34.6

Week 2

3<\ .85]
33.94 33.38

34.85

Baseline Week 1
32.5

' -+- Te~ t

Control

-+-Test

St udy Duration

Control
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treatment parameters as used in this study was recently
completed, the study will be published with prel imin ary
results revealing a n overall reduct ion in both triglyceride
lind total cholesterol leve ls followin g 2 weeks of la ser
therapy [26J. Furt her, no adverse events were reported in
this clinical in vesti gat ion . Punch biopsies were not per
formed during this clinical investigation as the mechanism
of adipose tissue reduction has been pr eviously demon
st ra ted in the literature by Neira's work which prov ided
compelling eviden ce that the application ofl aser therapy at
635 nm with output intensity between 7 and 20mW
consistently induces the formation of a transitory por e
within the membrane of udlpocyte s provoking their
collapse.

This ab ility to modul a te cell ular metabolism and provoke
diverse biologic responses is strongly dependent on the
intensity, wavelength , and frequency of light being emit
ted. Moreover, the very same biologica l response induced by
a specific wav elength can be fur ther' opti mized or inhibited
depending wh eth er t he radiation characteristic is pulsa t ile
or constant wave (CW) 127], The parameters of laser light
arc important in theemulsitication of adipocytes. Dr , Neira
120J noted that greater inten sit ies of laser light d id not
achieve the same biological response that lower energy
output devices did . Across multiple laser applications,
s tudies indicate a greater induction of cellular modulation
is readily attained u tilizing low-energy laser de vices
\18, 28].
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Fig. 3. Circum ference measurements of the hip at each evaluation point for a ll participa nt s
(11 = 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 phctoaccuptor 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 (U:, - CUFl) both
which facilitate the transfer of electrons from water soluble
cytochrome c to oxygen [29- 311. This respiratory chain
enzyme, due to the presence of transition metals, has
been shown to absorb photon ic energy-identifying cyto-

chrome C oxidase as a photoaccepl.or molecule j32 ].
Studies indicate that following laser irradiation at
633 nm, the mi tochondrial 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 irradiat ion 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, ma king more electrons available
for the reduct ion of dioxygen [36,37 ).

The upregulation of ATP following LLLT is also coupled
with transient increases in reactive oxyge n species mOS)
which then part icipates in intr acellu lar s ignal transduc
tion [18,27]. The modulation of cellular metabolism and
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Fig, 5. Circumference measurements of the lert thigh at each evaluation point for all
participants (n = 67).
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s ignal transduction has bee n found to alter gene expression
[38/, cellular proliferation [39 -43J, int ra-cellular pH
bala nce [441, mi tochondrial membrane pote nt ial (45J,
generation of transient reactive oxygen species r46- 49]
and calciu m ion level [46,50 ,51J, proton gradient [52J a nd
consumption of oxygen . Modu lation of cell metabolism has
also been associated with an increase in lipid peruxidatiun .
Lipid peroxidation is the oxidative degradation of mem 
brane bou nd cholesterol resulting in a de leterious effect on
me mbrane structure and fu nction [53J. Studies have
exhibited t ha t cells su bsequent to low-energy laser irradi
ation can induce the u pregulation of secondary free radical
reactions resulting in lipid peroxidation [54,55J, The photo
ind uced exci tation of lipid peroxidation has been demon
s tra ted within blood leukocytes following low-level la ser
irrad iation and perha ps is occurri ng within adtpocytes .
Selected hydroperoxides of cholesterol cou ld be used an
indicator to con firm lipid perox idat ion wit hin adipocytes
following LLLT [56].

Fu rther , the upregulatinn ofROS can directly impact the
cellular redox s ta te which ca n affect the expression of genes
via the activation of spec ific cellu lar s ignaling pathways
including re dox-sensitive transcriptio n factors and phos
pholipase A2 [57J, Th ere a re two well-defined transcri ption
factors, nuclea r factor kap pa B (NF-KB) and activator
protein- l (AP- I), wh ich become act ivated following an
intracellu la r re dox sh ift to an oxidized state 158,59].
Calkhoven and Ab [59J de monstrated that reducta nts
ge ne r ally su ppressed transcription factors, pre ve ntin g
the expression of genes. LLLT provokes a shift of the
intracellular redox state towards an oxidative state,
activating redox-sensitive transcri pt ion facto rs su ch as
NF-KB and AP.l , upregulating the expression of genes Id l ].
Perhaps the activ ation or su pp r-ession of spec ific tran
script ion factors ca n influe nce membrane-related pr otei ns
altering the per meabili ty of adipocytes. It is u nclear at
t his ti me wh at cellular components of the adipocyte allow
for this unique laser induced endpoint, wh ich ap pears to be

disti nct ive to adipocytes and a sma ll group of other non
photosynthet ic cells.

Controversy exists regardi ng the photosti mulatory sim 
ilariti es between LED' s and las er diodes. Although the
biological effects when stimulati ng su pe rficial surfaces
with an LED or laser diode arc the same under similar
par ameter s; deep tissue photobiomodulation however,
such as emulsifying subcutaneous adipose pa nicles,
requires a coherent laser diode dev ice [62-64J. Th e placebo
device used in t his control led study de livered non-coherent
LED light, and based upon the resu lts obtained from the
placebo group participa nts LED did not generate a stetisti
cally s ignificant reducti on in the circumfere nce measure
ment in inc hes across all treatment s ites at each
subsequent evaluation point.

It is u nclear at th is ti me whether t he transitory pore
induced by laser th erapy is the direct result of up regulated
gene ex pression via tra nscripti on factor activation, lipid
pe roxidntlon by increased superoxide pr oduct ion, or an
exocytosis-like event. Discu ssing th e basic principles of
laser therapy as described above cou ld help guide further
investigations towards uncove ring the exact mech an ism
employed by laser therapy that ul timately resu lts in the
for mation of the adi pocyte membrane aperture. The
find ings in t hi s study demonstrated laser light 's efficacy
of reducing the circumfere nce measurements at each
treated region ac ross all evaluation poin ts. The statistically
significa nt difference between test and sh a m treatment
groups identified the potentia l for laser therapy to serve as
an adj unctive or independent treatment for su bcutaneous
fat reduction. Moreover , the higher study outcome satis
fact ion ratings reported by subjects in the test group than
by subjects in the sham tre atm ent group is statistically
significant indicating that the efficacy of the application of
LLLT for body contouring is cli nica lly meaningful. Further
studies analyzing the long-term effects should be con
ducted. Moreover, a n investigation of the long-term
be nefits of improved nutrition and exercise stimulated by
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the positive mot ivation of rapid circu mferent ia l reduction
should be performed . Although a concerted effor t must
exist a mongst multiple medical practitioners to properly
educate the patient on the importance of healthy choices,
non-inva sive body -contouring tools like LLLT, m ay play a
vital role in encouraging pat ients to adhere to new lifestyle
changes.
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