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Abstract

Objective: The aim of this investigation was to compare, by light microscopy, the effects of the use of laser pho-
tobiomodulation (LPBM) and polarized light (PL) on second-degree burns on rodents.

Background Data: Burns are severe injuries that result in the loss of tissue fluids, destruction of tissues, infec-
tion, and shock. With severe and widespread third-degree burns death may occur. Several light sources have
been suggested as being effective for improving wound healing.

Materials and Methods: Forty five rats were used in this study. A second-degree burn was created on the dor-
sum of each animal, and the animals were divided into four groups: PL (400-2000 nm, 40 mW, 2.4 J/cm?/min);
LPBM-1 (780 nm, 35/40 mW, 6 ~ 2 mm, 4 X 5 J/cm?2); LPBM-2 (660 nm, 35/40 mW, 6 ~ 2 mm, 4 X 5 J/cm?);
and untreated animals acted as controls. The treatment was started immediately post-burn at four points around
the burned area (laser: 5 J/cm? per site). The illumination with PL was performed according to the manufac-
turer’s instructions. Treatments were repeated at 24-h intervals for 7 d. The animals were sacrifice at 3, 5, and
7 d post-burn. The specimens were routinely cut and stained and analyzed by light microscopy using hema-
toxylin and eosin and Sirius red.

Results: The analysis of the results demonstrated that the damaged tissue was able to efficiently absorb and
process the light at all tested wavelengths. LPBM at 660 nm showed better results at early stages of wound
healing. However, the use of 780-nm laser light had beneficial effects throughout the experimental period, with
the animals growing newly-formed tissue similar to normal dermis.

Conclusion: Despite our findings that the use of both types of light energy improved the healing of second-de-
gree burns at the early stages, long-term assessment is needed to verify if this improvement will influence the
final results of treatment.

Introduction

ABURN IS A LESION resulting from the direct or indirect ac-
tion of heat and is a significant cause of mortality.!
Burns are severe injuries that result in the loss of tissue flu-
ids, destruction of tissues, infection, and shock, that may re-
sult in death, which is most common with extensive third-
degree burns. Burns also cause considerable morbidity and
have sequelae, the most serious being functional debility, es-
pecially when they affect the hands.? Severe social and psy-
chological impairments are also common.3* Several thera-

peutic methods have been used to ameliorate the outcome
of burns, including the use of light sources.

Enwemeka® recommended that “phototherapy” be used
to describe any noninvasive intervention involving the ther-
apeutic use of light to treat cutaneous and subcutaneous tis-
sues, light-based acupuncture, and transcutaneous irradia-
tion for pain relief. “Photobiomodulation” may also be
appropriate to describe these kinds of interventions, but is
used more broadly to describe more invasive types of light
therapy, such as direct irradiation of stomach ulcers, cardiac
infarcts, or fractures.
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There are several reports in the literature on the beneficial
effects of laser photobiomodulation (LPBM) on local vascu-
larization, edema, pain, and inflammation, as well as on the
extracellular matrix and collagen deposition and organiza-
tion.6-15

The use of LPBM has been shown to result in increased
amounts of both acute and chronic inflammatory cells. This
hastens the inflammatory response and effectively stimulates
the development of granulation tissue, an increased number
of fibroblasts, increased deposition of collagen fibers, and
improved neovascularization. These aspects are seen at the
early stages of the healing process, and are probably due to
the effects of laser energy at the cellular level.%1°

Polarized light (PL) vibrates in a single direction, perpen-
dicular to its propagation axis. This characteristic allows it
to act on the lipid layer of the cell, altering cellular processes
regulated by the cellular membrane such as energy produc-
tion, ion transport, and immune processes.!”

Alternative light sources have been used to improve
wound healing, and previous reports have suggested that
polarization is the characteristic of laser energy that is re-
sponsible for its biomodulating effects, and this is why other
polarized light sources may also have biomodulating effects
on biological systems.!7/18

Several reports in the literature have shown the positive
biomodulative effect of linearly PL (400-2000 nm) on wound
healing.'” A report by our group found large amounts my-
ofibroblasts in illuminated tissues, that may result in a
wound with a greater potential for contracture, which is un-
desirable aesthetically, but that could be quite useful in ar-
eas where more contraction is needed, such as in large
burns.'”

Polarized light is capable of inducing biostimulative ef-
fects in living cells similarly to LPBM. As the Bioptron lamp
combines visible light at 480-700 nm with infrared light at
700-2000 nm, it is a low-power light source like a low-level
laser, but it is polychromatic and incoherent. One of the main
effects of the absorption of visible light is the stimulation of
mitochondria, which results in increased cell energy and ac-
tivation of nucleic acid synthesis that is essential for wound
repair.

Most histological studies fail to show different mecha-
nisms of wound healing for burns and cutaneous wounds,'®
and several studies have been performed to assess the effect
of LPBM on burns. Most researchers believe that the posi-
tive effects of LPBM would hasten healing of burns.!61°

Polarized light may reproduce nearly 80% of the effects of
LPBM, but non-polarized light does not. Polarization has
also been suggested as an important factor in the tissue re-
sponse to injury.2021

Despite earlier reports that suggested that LPBM may in-
hibit or have no effect on wound healing, there has been
meticulous analysis of the parameters used?>?” as well as
the systemic effects of LPBM.2829

Previous results from our group on the use of both types
of light sources have shown similar results,'”3%32 and this
prompted us to assess both laser energy and polarized light
for the treatment of second-degree burns.

The aim of the present study was to analyze histologically
the process of repair of second-degree burns induced in the
dorsum of rats when treated with PL (400-2000 nm) or LPBM
(780 nm or 660 nm).

CHAGAS-OLIVEIRA ET AL.

Materials and Methods

Following the approval of the Animal Experimentation
Ethics Committee of the School of Dentistry of the Federal
University of Bahia, 45 young adult male Wistar rats weight-
ing 200-230 g were obtained from the Centro de Criac¢do de
animais da Faculdade de Medicina Veterindria da Universi-
dade Federal da Bahia, and were kept at the Animal Exper-
imentation Laboratory of the School of Dentistry of the Fed-
eral University of Bahia. The animals were kept in individual
plastic cages bedded with wood chips and maintained at
22°C in a day/night light cycle. The animals were fed a stan-
dard pelleted laboratory diet and had water ad libitum. Af-
ter regular quarantine the animals were randomly distrib-
uted into four groups: PL (n = 12), LPBM-1 (780 nm; n = 12),
LPBM-2 (660 nm; n = 12), and controls (n = 9).

Under intraperitoneal general anesthesia (0.10 mL/100 g
of ketamine and 0.25 mL/100 mg of xylazine) each animal
had the dorsum shaved and cleaned. A specially designed
instrument measuring 1.5 X 1.5 cm was heated in boiling wa-
ter for 50 sec and applied to the skin for 20 sec to induce the
formation of a second-degree burn.3?

The polarized light protocol was administered with a light
source (Bioptron®, Bioptron AG, Monchaltorf, Switzerland)
at A = 400-2000 nm, 40 mW, 2.4 J/cm?/min, 20 J/cm?, for 8
min 33 sec, # ~ 2 cm, with a circular beam. Per the manu-
facturer’s instructions the burn was first illuminated imme-
diately post-burn, and was repeated every 24 h until the an-
imals were sacrificed at 3, 5, and 7 d post-burn. A maximum
of seven illumination sessions were performed.

LPBM (Kondortech, Sao Carlos, SP, Brazil; A = 780 nm or
A =660 nm, 20 J/cm?, 40/35 mW, 6 ~ 2 mm, circular beam)
was started immediately post-burn and was repeated daily
until the day before the animal’s sacrifice. Laser light was
applied transcutaneously at four equidistant points around
the wound margin. The dose per point was 5 J/cm? and the
dose per session was 20 J/cm?.

Although the control animals were neither illuminated nor
irradiated, they were handled in the same way as the ex-
perimental animals to assure the same level of stress.

The choice of the types of treatment was due to the con-
flicting results seen in the literature with regard to the ef-
fects of different treatment parameters on the outcome of
LPBM. The use of different wavelengths was due to differ-
ences in the absorption and penetration of the light sources,
as both superficial and deep tissues were affected by the
burns.

Although the same dose was provided for each treatment
(20 J/cm?), the use of identical power densities in all treated
groups was impossible due to the lack of adjustments of the
equipment.

When the time came for the animal’s sacrifice (3, 5, and 7
d post-burn), each animal was killed with an overdose of gen-
eral anesthetic. Specimens were taken and kept in 10% for-
malin for 24 h, after which the specimens were routinely cut
and embedded in wax. The slides were stained with hema-
toxylin and eosin and Sirius red and numbered. The num-
bered specimens were analyzed under light microscopy by an
experienced pathologist who was blinded to the experimen-
tal group of each slide. The criteria used for this analysis are
shown in Table 1. Statistical analysis was carried out by
Fisher’s exact test. Statistical significance was set at p < 0.05.



anssty judde(pe Ayjyesy uo
Ua3s Jeyy} Uey]} 19)eald jJunowe Uy :dSuajul
anssty juadelpe
AqjTeay oY) ur uaas jeyy) uely
3SUSJUT dI0W ST SUTUTR)S PAI SNIIG :DSUUT
sad4y [e0 1930 Ay
Suoure s)se[qOIqY PAJLTIURISJITPUN
‘Gunox Jo 9,(0G< JO DUISALJ :DSUU]
S[[e0 A1oyeururepur pue
‘s1aq1y uade[[od ‘syse[qoiqyy jo adussaxd
asuLUI Ue “UonedyTudewr >00F 1y :dsusju]
PIoY 9y} UT S[[d Ar0jeuruue[yur
OTUOID 9,0G< JO DUISI] :ISUU]
PIoY 943 Ul S[[a0 [le
jo srrydonmau o,()G< JO 9DUISAI :SUU]

anssy jusdelpe Ayjeay uo
U29S Jey) 0} IR[IWIS JUNOUe Uy :D)BIOPOIA

anssy juadelpe Aj[eay ay) ur usas uey)
0} Je[Tuwuts st SUrure}s par SNIIIG :9}eIdPoIA
sad4y 7o 1930 Ay}
Guoure sjse[qoIqy pajeruLILIIpUN
‘Gunox Jo 9,0G-Gg>> JO DUISIIJ :D}RISPOIA
S[[90 A10jeUruUrR[jUT pUE
‘s1aqyy uade[[od ‘syse[qoiqy jo aduasaxd
e ‘uonedyrudew >0 1V P1eIBPON
PIey ay3 ut s[[ad A1ojeuwrwefyur
OTUOIYD 94,(0G—GZ> JO DUISAI] :D)LISPOIA
Py 943 Ut S[[a [[e jO
srrydonnau 0,0G-Gz>> JO 90UISaI] :9)eIdPOIA
SSaUNDIY) Je[NS3aI YIIM 9,00] SULISA0D) :JUdsSaL]
SSaUXOTY) Je[NSIIT M 9,00 SULIDAOD) :JUSSAI]
PUnNoOMm ay Jo 9,0G< SULIDA0D) JUISII]
PUnNoMm ay} Jo 9,0G> SULIDAOD) JUISAI]

anssi) juadelpe Ayjyesay uo
U99S Jelf} Uuey) junowe Id[ews y Jy3Ig
anssiy jusdelpe
Ayaresy oy Ur uoes jeys ueyy
asuayur ssaf st Jurure)s par sniig JY3g
sad4y [[e0 1930 9y
Guowre s)se[qoIqly PajeHIURIdIpUN
‘@unox jo o,Gz> Jo ouasaL] JY31S
s[e0 A1ojewrurepyur pue
‘s1aqry uaSe[[0d ‘s)se[qoiqry Jo aoussard
yS1ys e ‘uoneoyrudewr >00F 1V YSMS
PIeY Y3 UI S[[8d AIOjewwejur
DIUOID JO 9,GZ>> JO 20UdsaI] JY31S
PIo1 943 Ul S[[a0 [[e
jo sqrydomnau o,Gz> Jo 2duasai] JYSIg

JuasqQy

sisaua3013ueoaN

s19q1 uade[[0d JO JUnowy

$1s€[qOIqL JO JUNOWy

dNSsI) uone[nuUeID)
uonewrwejul dIuoIyD)

uorjewIweJul 9INdY

uonezirerpyde-ay

21009

101123140

SISKTVNY AdODSOUDIA IHOIT ¥Od ads() VINAIRID)

‘1 a1av],



292

Results
Controls

At day 3 post-burn, thermal necrosis extending down to
the hypodermis was permeated with remnants of pyknotic
nuclei, and no signs of inflammation could be seen at this
stage. The presence of fibroblasts, granulation tissue, and col-
lagen deposition was slight in all specimens (Fig. 1). Neoan-
giogenesis was mostly slight. Re-epithelialization was absent
in all the analyzed specimens. At the day 5 post-burn, the
epidermal necrosis extended down to the hypodermis and
there was crust formation in most of the animals. Acute in-
flammation was moderate in most of the specimens and
chronic inflammation was mostly slight at this time. The
presence of fibroblasts varied from slight to intense, and the
amount of granulation tissue was moderate in all cases. Col-
lagen deposition was considered slight in most cases. Neoan-
giogenesis was slight in all the animals (Fig. 2). Re-epithe-
lialization was absent in all the analyzed specimens. At the
end of the experimental period, the necrotic tissue still ex-
tended down to the hypodermis and was permeated by rem-
nants of pyknotic nuclei. Inflammation remained slight at
this time. Collagen deposition was uneven, and when pres-
ent it was moderate in amount. In all the animals the pres-
ence of fibroblasts and neoangiogenesis was moderate (Fig.
3). Re-epithelialization was absent in all the analyzed speci-
mens.

Laser light (660 nm)

At day 3 post-burn, the epidermis was necrotic in all spec-
imens and the necrosis extended down to the hypodermis.
There was crust formation in half of the animals. A slight
amount of acute inflammation was seen at this stage. Chronic
inflammation was present in most cases and varied from
slight to moderate. The number of fibroblasts was small in
most specimens. Both collagen deposition and neoangio-
genesis were slight to moderate. Re-epithelialization was ab-
sent in all the analyzed specimens. Five days post-burn, the
sections showed epidermal necrosis extending down to the
hypodermis. Crust formation was slight in most specimens.

FIG. 1. Photomicrograph of a control specimen 3 d post-
burn, showing a slight presence of fragmented collagen
fibers (arrows) (Sirius red, approximately 100X).
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FIG. 2. Photomicrograph of a control specimen 5 d post-

burn, showing granulation tissue (arrows) with a few blood
vessels (hematoxylin and eosin, approximately 40X).

The acute inflammatory response was also slight in most
specimens. In all the animals, chronic inflammation was
slight. The number of fibroblasts, amount of collagen depo-
sition, and granulation tissue formation ranged from slight
to intense (Fig. 4). Neoangiogenesis also ranged from slight
to intense in all specimens (Fig. 5). Re-epithelialization was
absent in all the analyzed specimens. At day 7, the sections
showed skin fragments exhibiting epidermal necrosis ex-
tending down to the hypodermis. Crust formation was mod-
erate in most specimens. In all cases, acute inflammation was
intense. Chronic inflammation was slight in most specimens,
the number of fibroblasts was moderate, and granulation tis-
sue formation ranged from moderate to intense. In all of the
specimens, collagen deposition and neoangiogenesis were
moderate at this stage (Figs. 6 and 7). Re-epithelialization
was absent in all cases.

Laser light (780 nm)

At the day 3 post-burn, necrotic skin fragments extending
down to the hypodermis were seen. Acute inflammation was
slight in all specimens. Half of the specimens also showed a
slight chronic inflammatory reaction. The number of fibro-
blasts and the amount of granulation tissue were also slight
at this time. Collagen deposition was mostly moderate be-
low the burn and angiogenesis was slight. Re-epithelializa-
tion was absent in all cases. Five days post-burn, tissue ne-
crosis was still seen extending down to the hypodermis and
crust formation was mostly slight. Acute inflammation was
also mostly slight at this time. The chronic inflammatory re-
action was slight in all specimens. The number of fibroblasts
was small and the amount of granulation tissue, neoangio-
genesis, and collagen deposition ranged from moderate to
intense (Fig. 8). Re-epithelialization was absent in all cases.
At the end of the experimental period (day 7), most speci-
mens had some crust formation. Acute and chronic inflam-
mation were mostly slight. The number of fibroblasts was
small and the amount of granulation tissue and collagen de-
position were moderate (Fig. 9). Neoangiogenesis varied,
ranging from slight to intense (Fig. 10). No signs of re-ep-
ithelialization were seen at this time.



FIG. 3. Photomicrograph of a control specimen 7 d post-
burn, showing a slight amount of granulation tissue with a
few blood vessels (arrow) (hematoxylin and eosin, approxi-
mately 100X).

A\

7

T 5
¥

L\ :

W
="
X}
0

L
)y
W
¥

DA
10
N2

\

l\

N

\“‘
W

7,

,,.g
zo

FIG. 6. Photomicrograph of an irradiated specimen (660
nm) 7 d post-burn, showing granulation tissue rich in newly-
formed blood vessels (arrow) (hematoxylin and eosin, ap-
proximately 100X).

FIG. 4. Photomicrograph of an irradiated specimen (660
nm) 5 d post-burn, showing parallel collagen fibers at an ad-
vanced stage of maturation (arrows) (Sirius red, approxi-
mately 400X).

FIG. 7. Photomicrograph of an irradiated specimen (660
nm) 7 d post-burn, showing parallel collagen fibers distrib-
uted in a fragmented pattern (arrows). (Sirius red, approxi-
mately 100X).

FIG. 5. Photomicrograph of an irradiated specimen (660
nm) 5 d post-burn, showing a narrow zone of granulation
tissue with a few blood vessels (arrow) (hematoxylin and
eosin, approximately 200X).

FIG. 8. Photomicrograph of an irradiated specimen (780
nm) 5 d post-burn, showing moderate to intense deposition
of mature collagen fibers (arrow). (Sirius red, approximately
200X).
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FIG. 9. Photomicrograph of an irradiated specimen (780
nm) 7 d post-burn, showing organized collagen fibers at an
advanced stage of maturation (arrows). (Sirius red, approx-
imately 200X).

Polarized light

At day 3 post-burn, there was no sign of cobblestoning
and the epithelium was thin. Crusting was seen in one spec-
imen. Acute inflammation was mostly slight and most spec-
imens did not show any evidence of a chronic inflammatory
reaction. The number of fibroblasts, and the amount of gran-
ulation tissue formation and collagen deposition were slight
at this point. Neoangiogenesis ranged from slight to moder-
ate. Re-epithelialization was absent in all specimens. Five
days post-burn, the sections showed skin fragments exhibit-
ing epidermal necrosis reaching down to the hypodermis. In
most specimens slight crusting was seen. The specimens
showed either slight or moderate acute inflammation, and
some chronic inflammation was found in half of the speci-
mens. The number of fibroblasts was slight to moderate in

FIG. 10. Photomicrograph of an irradiated specimen (780
nm) 7 d post-burn, showing granulation tissue rich in blood
vessels becoming congested (arrow) (hematoxylin and eosin,
approximately 100X).
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all specimens, and the formation of granulation tissue was
also mostly slight (Fig. 11). Collagen deposition was more
concentrated in the subepithelial area in all specimens, and
was either slight (Fig. 12) or moderate. Neoangiogenesis was
slight to intense in all specimens. Re-epithelialization was
absent in all cases. At the end of the experimental period
(day 7), skin fragments exhibiting necrosis extending down
to the hypodermis were seen. The formation of granulation
tissue was slight at this point (Fig. 13). Some crusting was
seen at the edges of the burn in all specimens. Acute in-
flammation was either slight or intense. Some chronic in-
flammation was seen in most specimens. The number of fi-
broblasts and amount of collagen deposition were slight to
moderate. Neoangiogenesis ranged from slight to intense.
Re-epithelialization was not seen in any specimen. A sum-
mary of the results can be seen in Table 2.

The statistical analysis showed a statistically significant
difference between the group treated with 780-nm laser light
and the other groups at day 7 post-burn, primarily for the
criteria of neoangiogenesis and crust formation (p = 0.029).
The PL group showed better results than the controls at the
early stages, primarily for the criterion of acute inflamma-
tion (p = 0.029).

Discussion

There are several reports in the literature on the beneficial
effects of LPBM on local vascularization, edema, pain, and
inflammation, as well as on the extracellular matrix and col-
lagen deposition and organization.3*3 In the present study
we used both laser and polarized light sources due to the
severity of the burns that deeply affected the skin and made
treatment difficult.

As found in the literature, linearly PL can affect the cel-
lular processes regulated by the cellular membrane, includ-
ing energy production, ion transport, and immune pro-
cesses.?* These effects directly influence tissue repair,
especially the healing of burns, for which there is a great
homeostatic imbalance.3

FIG. 11. Photomicrograph of a specimen treated with po-
larized light 5 d post-burn, showing a slight amount of gran-
ulation tissue with congested blood vessels (arrows). (hema-
toxylin and eosin, approximately 200X).
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FIG. 12. Photomicrograph of a specimen treated with po-
larized light 5 d post-burn, showing a slight amount of ma-
ture collagen fibers (arrow) (Sirius red, approximately 400X).

A previous report from our team!” evaluated the bio-
modulating effect of a PL source in a rodent model. Our re-
sults showed a larger concentration and better distribution
of collagen fibers in the PL-illuminated groups compared to
the controls. This was found be related to faster wound heal-
ing. Our findings in the present investigation also showed
that, despite being present in both illuminated and non-il-
luminated specimens, both the amount and level of matura-
tion of collagen fibers was better in the PL-illuminated sub-
jects than the controls.

PL illumination also resulted in the deposition of a fibri-
nous crust on all specimens. Crusting is important, as the
crust acts as a mechanical barrier between the environment
and the injured tissues. This protection allows better condi-
tions for cellular repair, and aids migration of the cells into
the healing tissue.3?

At the early stages of the repair process, we observed that
subjects treated with 660-nm laser energy showed some crust
formation; in the other groups no crusting was seen. Re-ep-
ithelialization was not observed in any group.

The acute inflammation was mostly slight in the speci-
mens from animals treated with 780-nm laser or PL energy,
and was slight in half of the specimens from animals treated
with 660-nm laser energy. None of the controls showed this
reaction. Chronic inflammation varied from slight to mod-
erate in the subjects treated with 660-nm laser energy. In the
780-nm laser irradiated subjects chronic inflammation was
slight in the half of the specimens. In the PL-illuminated
group few of the animals showed this reaction.

In all groups the presence of fibroblasts and the amount
of granulation tissue were both slight. The deposition of col-
lagen was slight in the animals illuminated with PL and in
the controls. In the group treated with 780-nm laser energy,
most specimens showed a moderate deposition, while in the
group irradiated with 660-nm laser energy it varied from
slight to moderate. Neoangiogenesis, as seen in most of the
animals treated with PL, was moderate. In the 660-nm laser
and control groups it varied from slight to moderate; in the
780-nm laser group it was mostly slight. For this parameter,
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the 660-nm laser was the most effective. This is accordance
with the findings of Meirelles,?? who found that third-degree
burns treated with 660-nm laser energy showed satisfactory
repair early in the experimental period (at days 3 and 5).

On day 5, most of the specimens from all groups showed
some crust formation. Re-epithelialization was not yet seen
in any group. In the control animals, the acute inflammatory
reaction was moderate. In the laser groups, in most cases re-
epithelialization was slight, and in the PL-illuminated sub-
jects it varied from slight to moderate. Chronic inflamma-
tion was mostly slight in all groups.

It is important that at this stage, the macrophage is criti-
cal to the inflammatory stage of wound healing and essen-
tial to new tissue growth through macrophage-derived
growth factors, such as platelet-derived growth factor, trans-
forming growth factor-a, transforming growth factor-g, in-
terleukin-1, and tumor necrosis factor. Some reports have
shown an influence of some wavelengths of light on these
growth factors.3738

In the groups treated with the 660-nm laser or PL illumi-
nation, the number of fibroblasts varied from slight to mod-
erate, and in the animals treated with the 780-nm laser it was
mostly slight. In the controls, the numbers varied from slight
to intense. Fibroblasts are responsible for synthesizing col-
lagen, and collagen makes up about 50% of scar tissue.

The amount of granulation tissue present varied from
slight to intense. In the control group it was moderate, and
it was slight in the PL-illuminated group. The deposition of
collagen varied from slight to intense in the 780-nm laser
group, and varied from slight to moderate in the other two
treatment groups. In the most of the controls, amounts of
collagen deposition were slight. Collagen, however, cannot
be synthesized in the absence of an adequate oxygen sup-
ply, and clearly this was the direct result of the poor blood
supply. Angiogenesis is then required.340

Neoangiogenesis varied widely in the 780-nm laser group,
and it was moderate in the 660-nm laser group and the con-
trols. In the PL group it varied from slight to intense. One

FIG. 13. Photomicrograph of a specimen treated with po-
larized light 7 d post-burn, showing a slight amount of gran-
ulation tissue (arrow) (hematoxylin and eosin, approxi-
mately 200X).
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important aspect of the findings of this study was the wide
difference seen in the amounts of neoangiogenesis in the test
groups. The amounts of blood vessels seen in the PL-illumi-
nated and laser-treated groups were generally larger than
those seen in the controls.3441

At the end of the experimental period crust formation was
moderate in the group treated with 660-nm laser energy and
slight in the groups treated with PL or the 780-nm laser. In
control specimens, no crust formation was seen. No signs of
re-epithelialization were seen in any of the groups within the
experimental period of 7 d.

Acute inflammation varied from slight to moderate in the
controls, from slight to intense in the PL-illuminated group,
was intense in the group treated with the 660-nm laser, and
slight in the group treated with the 780-nm laser. Chronic
inflammation was slight in most specimens from all of the
groups. This may be due to the fact that the repair of a sec-
ond-degree burn initially requires the removal of the necrotic
tissue via phagocytosis. This phenomenon is followed by the
migration of epithelial cells to the wounded site. As this takes
a long time to occur in second-degree burns, it is likely that
the time period of this study was too short to detect any dif-
ferences between the groups.

The number of fibroblasts was moderate in the group
treated with the 660-nm laser, and slight in the 780-nm laser
group. In the PL-illuminated group, it varied from slight to
moderate, and it was also moderate in the controls. The
amount of granulation tissue was moderate in the 780-nm
laser group, and varied from moderate to intense in the 660-
nm laser-treated group. In the PL-illuminated group, the
amount of granulation tissue was slight, and it varied from
slight to intense in the controls. The deposition of collagen
was moderate in the 780-nm laser-treated group, and slight
in the 660-nm laser-treated group. In the PL-illuminated
group it varied from slight to moderate, and it was moder-
ate in the controls.

Different parameters for LPBM were used in previous
studies of wound healing, which explains the conflicting re-
sults reported. Previous reports from our group have
pointed out that at least two threshold parameters, energy
density and intensity, strongly influence the final results of
LPBM.#34* We have found that LPBM improves cutaneous
wound repair, and that the effect is inversely proportional
to the wavelength and intensity.*> The treatment is most ef-
fective with higher intensity and short wavelength, or lower
intensity and higher wavelength.

It should be noted that light penetration into skin results
in a reduction of the amount of energy that reaches the sub-
cutaneous tissue. Most studies of wound healing showed
better results when shorter wavelengths were used. How-
ever, we have found good results with the use of an IR laser,
alone or in association with a shorter wavelength.** This as-
pect was further confirmed in the present investigation, and
it may be a result of the deeper penetration of IR laser en-
ergy, which resulted in the stimulation of the cells located in
the deeper portions of the wounds, as well as the effect of
heating, which is usually seen when high fluencies are used
at this wavelength. The combination of wavelengths with
different levels of absorption and penetration may further
improve wound healing, as LPBM may stimulate repair at
both at the surface and at deeper levels. It is also important
to note that the choice of optical parameters used for im-
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proved wound healing depend on wavelength, dose per ses-
sion, the model used, the type of wound, and the treatment
conditions, among other factors.*344

Despite our positive findings on the healing of second-de-
gree burns treated with different light sources, some previ-
ous researchers have failed to do so0.2#2 However, it must
be considered that in both of those other studies contralat-
eral wounds acted as controls.

Conclusion

The findings of this investigation suggest that laser or po-
larized light could be useful for treating severe burns, espe-
cially if it is begun at an early stage of healing. The results
of this investigation demonstrate that damaged tissues are
able to efficiently absorb and process the light at all tested
wavelengths. It appears that LPBM at 660 nm showed bet-
ter results during the early stages of wound healing, and that
the use of the 780-nm laser showed beneficial effects
throughout the experimental period.

Despite our findings that indicate that the use of both
types of light sources improved the healing of second-degree
burns at the early stages, longer-term assessments are
needed to verify if these improvements result in improved
success rates in those with second-degree burns.

Acknowledgement

The authors acknowledge the research fellowship we re-
ceived from CAPES. (Coordencdo de Aperfeicoamente de
Pessoal de Nivel Superior).

References

1. Sheridan, R.L., Hinson, M.L, Liang, M.H., et al. (2000). Long-
term outcome of children surviving massive burns. JAMA.
283, 69-73.

2. Barrilo, D.J., and Pausen, S.M. (2003). Management of burns
to the hand. Wounds. 15, 4-9.

3. Duggan, D., and Quine, S. (1995). Burn injuries and charac-
teristics of burn patients in New South Wales, Australia.
Burns. 21, 83-89.

4. Sheridan, R.L. (2005). Evaluation and management of the
thermally injured patient, in: VALE, E.C.S.D. Primeiro
atendimento em queimaduras: a abordagem do dermatolo-
gista. An. Bras. Dermatol. 80, 9-19.

5. Enwemeka, C.M. (2005). Evidence-based photomedicine.
Photomed. Laser Surg. 23, 353.

6. Pinheiro, A.L.B.P., Meireles, G.C.S., Vieira, A.L.B., Almeida, D.,
Carvalho, C.M., and Santos, ].N. (2004). Phototherapy improves
healing of cutaneous wounds in nourished and undernour-
ished Wistar rats. Braz. Dent. J., 15 (special issue), SI 21-28.

7. Corazza, A.V., Jorge,]., Kurachi, C., and Bagnato, V.S. (2007).
Photobiomodulation on the angiogenesis of skin wounds in
rats using different light sources. Photomed. Laser Surg. 25,
102-106.

8. Markovic, A., and Todorovic, L.J. (2007). Effectiveness of
dexamethasone and low-power laser in minimizing oedema
after third molar surgery: a clinical trial. Int. J. Oral Max-
illofac. Surg. 36, 226-229.

9. Banzer, W., Hiibscher, M., Seib, M., and Vogt, L. (2006).
Short-time effects of laser needle stimulation on the periph-
eral microcirculation assessed by laser Doppler spec-
troscopy and near-infrared spectroscopy. Photomed. Laser
Surg. 24, 575-580.



298

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hawkins, D., and Abrahamse, H. (2006). Effect of multiple
exposures of low-level laser therapy on the cellular re-
sponses of wounded human skin fibroblasts. Photomed.
Laser Surg. 24, 705-714.

Rabelo, S.B., Villaverde, A.B., Nicolau, R.T., Salgado, M.C.,
Melo, M.S., and Pacheco, M.T.T. (2006). Comparison be-
tween wound healing in induced diabetic and nondiabetic
rats after low-level laser therapy. Photomed. Laser Surg. 24,
474-479.

Pessoa, E.S., Melhado, R.M., Theodoro, L.H., and Garcia,
V.G. (2004). A histologic assessment of the influence of low-
intensity laser therapy on wound healing in steroid-treated
animals. Photomed. Laser Surg. 22, 199-204.

Woodruff, L.D., Bounkeo, J.M., Brannon, W.M., Dawes Jr.,
K.S., Barham, C.D., Waddell, D.L., and Enwemeka, C.S.
(2004). The efficacy of laser therapy in wound repair: a meta-
analysis of the literature. Photomed. Laser Surg. 22, 241-247.
Enwemeka, C.S., Parker, J.C., Dowdy, D.S., Harkness, E.E.,
Sanford, L.E., and Woodruff, L.D. The efficacy of low-power
lasers in tissue repair and pain control: a meta-analysis
study. (2004). Photomed. Laser Surg. 22, 323-329.
Stergioulas, A. (2004). Low-level laser treatment can reduce
edema in second degree ankle sprains. J. Clin. Laser Med.
Surg. 22, 125-128.

Wilden, L., and Kerthein, R. (1998). Import of radiation phe-
nomena of electrons and therapuetic low level laser in re-
gard to the mitochondrial energy transfer. J. Clin. Laser Med.
Surg. 16, 159-165.

Campanha, B.P., Pinheiro, A.L.B., Weismann, R., Oliveira,
M.G., and Ramalho, L.M.P. (2003). Polarised light (400-2000
nm): a description of the wound healing process using im-
munohistochemical analysis. In: Rechman, P, Fried D, Henning
T (eds.), Lasers in Dentistry, Billingham, WA: SPIE, pp. 144-149.
Bayat, M., Vasheghani, M.M., Razavi, N., Taheri, S., and
Rakhshan, M. (2005). Effect of low-level laser therapy on the
healing of second-degree burns in rats: a histological and
microbiological study. J. Photochem. Photobiol B. Biol. 78,
171-177.

Bortolleto, R., Silva, N.S., Zangaro, R.A., Pacheco, M.T.T., Da
Matta, R.A., and Pacheco-Soares, C. (2004). Mitochondrial
membrane potential after low-power laser irradiation. Laser
Med. Sci. 18, 204-206.

Kubasova, T., Fenyo, M., Somosy, Z., Gazso, L., and Kertesz,
I. (1988). Investigations on biological effects of polarized
light. Photochem. Photobiol. 48, 505-509.

Bolton, P., Dyson, M., and Young, S. (1991). Macrophage re-
sponsiveness to laser therapy with varying power and en-
ergy densities. Laser Ther. 3, 105-111.

Houghton, P.E., and Brown, J.L. (1998). Effect of low-level
laser on healing in wounded fetal mouse limbs. Laser Ther.
11, 54-70.

Walsh, L.J. (1997). The current status of low laser therapy in
dentistry. Part 1. Soft tissue applications. Aust. Dent. J. 42,
247-254.

Hunter, J., Leonard, L., Wilson, R., Snider, G., and Dixon, J.
(1984). Effects of low energy laser on wound healing in a
porcine model. Lasers Surg. Med. 3, 285-290.

Cambier, D.C., Vanderstraeten, G.G., Mussen, M.]., and van
der Spank, J.T. (1996). Low- power laser and healing of
burns: A preliminary assay. ]. Plast. Reconstr. Surg. 97,
555-558.

Hall, G., Anneroth, G., Schennings, T., Zetterqvist, L., and
Ryden, H. (1994). Effect of low-level energy laser irradiation
on wound healing. An experimental study in rats. Swed.
Dent. J. 18, 29-34.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

CHAGAS-OLIVEIRA ET AL.

Schlager, A., Oehler, K., Huebner, K.U., Schmuth, M., and
Spoetl, L. (2000). Healing of burns after treatment with 670-
nanometer low-power laser light. J. Plast. Reconstr. Surg.
105, 1635-1639.

Braverman, B., McCarthy, R.J., Ivankovich, A.D., Forde,
D.E., Overfield, M., and Bapna, M.S. (1989). Effect of helium-
neon and infrared laser irradiation on wound healing in rab-
bits. Lasers Surg. Med. 9, 50-58.

Rochkind, S., Rousso, M., Nissan, M., Villarreal, M., Barr-
Nea, L., and Rees, D.G. (1989). Systemic effect of low-power
laser irradiation on the peripheral and central nervous sys-
tem, cutaneous wounds, and burns. Lasers Surg. Med. 9,
174-182.

Pinheiro, A.L.B., Meirelles, G.C.S., Carvalho, C.M., Vieira,
A.L.B., Santos, J.N., and Ramalho, L.M.P. (2006). Biomodu-
lative effects of polarized light on the healing of cutaneous
wounds on nourished and undernourished Wistar rats. Pho-
tomed. Laser Surg. 24, 616-624.

Pinheiro, A.L.B., Pozza, D.H., Oliveira, M.G., Weissmann,
R., and Ramalho, L.M.P. (2005). Polarized light (400-2000
nm) and non-ablative laser (685 nm): A description of the
wound healing process using imunohistocehmical analysis.
Photomed. Laser Surg. 23, 485-492.

Meirelles, G.C.S. (2005). Analise comparativa do efeito dos
lasers GaAlAs de A = 660 nm e A = 780 nm na cicatrizagdo
de tlceras por queimadura em dorso de ratos diabéticos e
nao-diabéticos: estudo histolégico. Tese apresentada ao Pro-
grama Integrado de Pés-Graduacdao em Odontologia, da
Universidade Federal da Bahia e Universidade Federal da
Paraiba [Ph.D. thesis].

Meyer, T.N., and Silva, A.L. (1999). A standard burn model
using rats. Acta. Cir. Bras. 14, 4.

Reddy, K.G. (2004). Photobiological basis and clinical role of
low-intensity lasers in biology and medicine. J. Clin. Laser
Med. Surg. 22, 141-150.

Bjordal, ].M., Johnson, M.I,, Iversen, V., Aimbire, F., and
Lopes-Martins, R.A.B. (2006). Photoradiation in acute pain:
A systematic review of possible mechanisms of action and
clinical effects in randomized placebo-controlled trials. Pho-
tomed. Laser Surg. 24, 158-168.

Hettiaratchy, S., and Dziewulski, P. (2004). ABC of burns.
Introduction. BMJ. 328, 1366—1368.

Ribeiro, M.S., Da Silva, D. de F., and De Aratjo, C.E,, et al.
(2004). Effects of low-intensity polarized visible laser radia-
tion on skin burns: A light microscopy study. J. Clin. Laser
Med. Surg. 22, 59-66.

Whelan, H.T., Buchmann, E.V., Dhokalia, A., et al. (2003).
Effect of NASA light-emitting diode irradiation on molecu-
lar changes for wound healing in diabetic mice. J. Clin. Laser
Med. Surg. 21, 67-74.

Salate, A.C., Barbosa, G., Gaspar, P., et al. (2005). Effect of
In-Ga-Al-P diode laser irradiation on angiogenesis in partial
ruptures of Achilles tendon in rats. Photomed. Laser Surg.
23, 470-475.

Ihsan, F.R. (2005). Low-level laser therapy accelerates col-
lateral circulation and enhances microcirculation. Pho-
tomed. Laser Surg. 23, 289-294.

Maiya, G.A., Kumar, P., and Rao, L. (2005). Effect of low in-
tensity helium-neon (He-Ne) laser irradiation on diabetic
wound healing dynamics. Photomed. Laser Surg. 23,
187-190.

Kronberger, P., Petschke, F., and Ulmer, H. (2000). Low-
power laser light in the healing of burns: a comparison be-
tween two different wavelengths (635 nm and 690 nm) and
a placebo group. Lasers Surg. Med. 27, 39-42.



PHOTOTHERAPIES FOR SECOND-DEGREE BURNS

43.

44.

Nascimento, P.M., Pinheiro, A.L.B., Salgado, M.A.C., Ra-
malho, L.M.P. (2004). A preliminary report on the effect of
laser therapy on the healing of cutaneous surgical wounds
as a consequence of an inversely proportional relationship
between wavelength and intensity: Histological study in
rats. Photomed. Laser Surg. 22, 513-518.

Mendez, T.M.T.V., Pinheiro, A.L.B., Pacheco, M.T.T., Nasci-
mento, P.M., and Ramalho, L.M.P. (2004). Dose and wave-
length of laser light have influence on the repair of cuta-
neous wounds. J. Clin. Laser Med. Surg. 22, 19-25.

299

Address reprint requests to:

Prof. Antonio Luiz Barbosa Pinheiro, Ph.D.
Laser Center

Faculdade de Odontologia

Universidade Federal da Bahia

Av. Araiijo Pinho, 62, Canela

Salvador, BA, CEP 40140-110, Brazil

E-mail: albp@ufba.br




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /ACaslon-AltBold
    /ACaslon-AltBoldItalic
    /ACaslon-AltItalic
    /ACaslon-AltRegular
    /ACaslon-AltSemibold
    /ACaslon-AltSemiboldItalic
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /ACaslon-SwashBoldItalic
    /ACaslon-SwashItalic
    /ACaslon-SwashSemiboldItalic
    /ACaslonExp-Bold
    /ACaslonExp-BoldItalic
    /ACaslonExp-Italic
    /ACaslonExp-Regular
    /ACaslonExp-Semibold
    /ACaslonExp-SemiboldItalic
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /ATTorino-Bold
    /ATTorino-Condensed
    /Americana
    /Americana-Bold
    /Americana-ExtraBold
    /Americana-Italic
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AvantGarde-Bold
    /AvantGarde-BoldObl
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-CondBold
    /AvantGarde-CondBook
    /AvantGarde-CondDemi
    /AvantGarde-CondMedium
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGarde-ExtraLight
    /AvantGarde-ExtraLightObl
    /AvantGarde-Mdm
    /AvantGarde-Medium
    /AvantGarde-MediumObl
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-Italic
    /BauerBodoni-Roman
    /Belwe-Bold
    /Belwe-Condensed
    /Belwe-Light
    /Belwe-Medium
    /BelweT-LighItal
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BiffoMT
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /Bookman-Bold
    /Bookman-BoldItalic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Bookman-Medium
    /Bookman-MediumItalic
    /BorderPi-OneFiveOneFiveNine
    /BrushScript
    /Carta
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /Century-Bold
    /Century-BoldCond-DTC
    /Century-BoldCondItalic-DTC
    /Century-BoldCondensed
    /Century-BoldCondensedItalic
    /Century-BoldItalic
    /Century-Book
    /Century-BookCond-DTC
    /Century-BookCondItalic-DTC
    /Century-BookCondensed
    /Century-BookCondensedItalic
    /Century-BookItalic
    /Century-Light
    /Century-LightCond-DTC
    /Century-LightCondIta-DTC
    /Century-LightCondensed
    /Century-LightCondensedItalic
    /Century-LightItalic
    /Century-Ultra
    /Century-UltraCond-DTC
    /Century-UltraCondIta-DTC
    /Century-UltraCondensed
    /Century-UltraCondensedItalic
    /Century-UltraItalic
    /Century751BT-ItalicB
    /Century751BT-RomanB
    /CenturyExpanded
    /CenturyExpanded-Italic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CgTorinoOutline
    /Cheltenham-Bold
    /Cheltenham-BoldCond
    /Cheltenham-BoldItalic
    /Cheltenham-Book
    /Cheltenham-BookCond
    /Cheltenham-BookCondItalic
    /Cheltenham-BookItalic
    /Cheltenham-Light
    /Cheltenham-LightCond
    /Cheltenham-LightCondItalic
    /Cheltenham-LightItalic
    /Cheltenham-Ultra
    /Cheltenham-UltraItalic
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClarendonBT-BoldCondensed
    /ClarendonBT-RomanCondensed
    /CompactaBoldPlain
    /CompactaItalicPlain
    /CompactaOnlShaD-ReguItal
    /CooperBlack
    /CooperBlack-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /DINEngschrift-Alternate
    /EdwardianScriptITC
    /ElectraLH-Bold
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FranklinGothic-Book
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-CondensedOblique
    /FranklinGothic-Demi
    /FranklinGothic-DemiOblique
    /FranklinGothic-ExampleNumber
    /FranklinGothic-ExtraCond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-CondExtraBoldObl
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Mdm
    /Futura-MdmCnd
    /Futura-MdmCndItl
    /Futura-MdmItl
    /Futura-Oblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaBoldModified
    /FuturaBoldObliqueModified
    /FuturaEF-DemiBold
    /FuturaEF-DemiBoldObl
    /FuturaModified
    /FuturaObliqueModified
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBold-ScholasticLg
    /GillSans-ExtraBold-ScholasticSm
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GillSansExtraBoldItalic
    /GillSansUltraBoldItalic
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goldwater
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-BoldItalicOsF
    /Goudy-BoldOsF
    /Goudy-ExtraBold
    /Goudy-Heavyface
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /Goudy-ItalicOsF
    /Goudy-SC
    /GoudyCatalog-Itl
    /GoudyCatalog-Rgl
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-LightOblique
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /Humanist521BT-Roman
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /ItcEras-Bold
    /ItcEras-Book
    /ItcEras-Demi
    /ItcEras-Light
    /ItcEras-Medium
    /ItcEras-Ultra
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /Linoscript
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaSans
    /LucidaSans-Bold
    /LucidaSans-Italic
    /Machine
    /MediciScript
    /Minion-Black
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Modern735BT-RomanA
    /Modern880BT-Bold
    /Modern880BT-Italic
    /Modern880BT-Roman
    /NewBaskerville-Black
    /NewBaskerville-BlackItalic
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-BoldItalicOsF
    /NewBaskerville-BoldSC
    /NewBaskerville-Italic
    /NewBaskerville-ItalicOsF
    /NewBaskerville-Roman
    /NewBaskerville-SC
    /NewBaskerville-SemiBold
    /NewBaskerville-SemiBoldIta
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /Nofret-Bold
    /Nofret-BoldItalic
    /Nofret-Italic
    /Nofret-Light
    /Nofret-LightItalic
    /Nofret-Medium
    /Nofret-MediumItalic
    /Nofret-Regular
    /Novarese-Bold
    /Novarese-BoldItalic
    /Novarese-Book
    /Novarese-BookItalic
    /Novarese-Medium
    /Novarese-MediumItalic
    /Novarese-Ultra
    /OCRA
    /OCRB
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /Palatino-Black
    /Palatino-BlackItalic
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-BoldItalicOsF
    /Palatino-BoldOsF
    /Palatino-Italic
    /Palatino-ItalicOsF
    /Palatino-Light
    /Palatino-LightItalic
    /Palatino-Medium
    /Palatino-MediumItalic
    /Palatino-Roman
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /RomanaBT-Bold
    /RomanaBT-Roman
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanSC
    /SmileyFace
    /Sonata
    /StoneInformal
    /StoneInformal-Bold
    /StoneInformal-BoldItalic
    /StoneInformal-Italic
    /StoneInformal-Semibold
    /StoneInformal-SemiboldItalic
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /StoneSerifTn4
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Techno
    /TimelessCyrillic-Bold
    /TimelessCyrillic-Light
    /TimelessCyrillic-LightIta
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesEuropa-Bold
    /TimesEuropa-BoldItalic
    /TimesEuropa-Italic
    /TimesEuropa-Roman
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /ToonRoman
    /TorinoModern-Bold
    /TorinoModern-BoldItalic
    /TorinoModern-Italic
    /TorinoModern-Roman
    /Trajan-Bold
    /Trajan-Regular
    /Univers
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /UniversityRoman
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents for RR Donnelley Book plants. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




