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KLUBOW PILKARSKICH, OSRODKOW SPORTOWYCH | REHABILITACYJNYCH

N Swiatowy lider w dziedzinie analizy sktadu ciata
metoda BIA

ZAUFANIE profesjonalistow

Kompleksowa analiza sktadu ciata wykonywana jest
w ckoto 30 sekund, a wyniki przedstawiane s3 na przejrzystym
raporcie. Produkty profesjonalne TANITA wykorzystywane sg
przez osrodki badawcze, centra diagnostyczne, kluby
pitkarskie, placéwki rehabilitacyjne, osoby pracujgce
ze sportowcami réznych dyscyplin na catym swiecie.
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Zaawansowana technologia diagnostyczna dla '

profesjonalistéow, idealna w pracy z pacjentami MICROGATE
Systemy MICROGCATE umozliwiaja kompleksowe testy zdolhosci
Mmotorycznych i analizy chodu, wspomagdajgc diaghoze, ocene
postepow oraz proces rehabilitacji. Modelowanie programow
rehabilitacyjnych i kontrola procesu rehabilitacji sa utatwione dzieki

obiektywne] ocenie sposcbu ruchu, wykrywaniu problematycznych
obszardw, ocenie biomechanicznych brakéw oraz ocenie asymetrii.
Parametry pomiarowe:

® fazy chodu lub biegu ® dtugosé kroku @ predkosé i przyspieszenie

® rownowaga i symetria ruchu @ wideo Full HD

.. I wiele innych w zaleznosci od przeprowadzonych testéw.
W potaczeniu z systemem urzagdzeniem GYKO, mamy mozliwosc
oceny stabilnosci dynamicznej tutowia podczas chodu/biegu. analize
skoku, analize stabilnosci posturalnej, analize w zakresie ruchomosci
stawdw (ROM), oceng sity miesniowej. oraz ewaluacje pacjenta.
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-» Flywheel Training - trening sitowy i rehabilitacja
)(( EXXENTRIC z uzyciem zmiennej bezwiadnos¢ két zamachowych.

kBox4 pozwala nha wykonywanie skutecznych, standardowych
¢wiczen, a takze zaawansowanych metod treningu ekscentrycznego
i koncentrycznego, umozliwiajac uzyskanie indywidualhych efektdw
- poprawienia ogdlnege stanu zdrowia, wynikéw sportowych,
rehabilitacji, oraz zapobiegania urazom.

Jedna z gtownych zalet treningu z uzyciem kota zamachowego jest
mozliwos¢ skupienia sie na ekscentrycznym przeciazeniu.
Zwiekszenie oporu poprzez skurcz ekscentryczny, jest skuteczna
metoda poprawy sity i stabilnosci - aspektow treningu tak waznych
dla oséb zyjacych z niepetnosprawnoscia.

Seria dostepnych uchwytdw i uprzezy sprawia, ze na jednegj

platformie mamy mozliwos¢ przeprowadzenia treningu dla
wszystkich partii miesni.

Zobacz wiecej na: treningekscentryczny.pl
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Startuj
Z najlepszymi

Aparatura dla:

= Medycyny sportowej
= Fizjoterapii

= Rehabilitacji

Umodw sie na darmowe
testy aparatow!

METRUM CRYOFLEX - PRODUCENT APARATURY MEDYCZNEJ
www.metrum.com.pl, biuro@metrum.com.pl, +48 22 33 13 750
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METRUM CRYOFLEX
wspiera kondycje
Narodowej Kadry
Skoczkow Narciarskich

dostarczajgc sprzet do fizjoterapii.

Partner PZN

Dzienri 9 lipca 2020 roku byt dla METRUM
CRYOFLEX wyjatkowy, poniewaz wtasnie
w tym dniu firma zostata partnerem
Polskiego Zwiazku Narciarskiego. Dla
polskiej marki, od ponad 29 lat
produkujacej nowoczesny sprzet do
rehabilitacji i fizjoterapii, byta to duza
nobilitacja, ale tez dodatkowa motywacja
do dalszego rozwoju.

Cata zatoga METRUM CRYOFLEX od
zawsze trzymata kciuki za Narodowa
Kadre Skoczkow Narciarskich, a od lipca
2020 roku moze wspierac ich rowniez
sprzetowo.

METRUM CRYOFLEX
PRODUCENT APARATURY MEDVCZNE,

Skoczkowie polskiej kadry sg pod
doskonata opiekg profesjonalnego
sztabu, ktory codziennie dba o ich dobrg
kondycje i zdrowie. METRUM CRYOFLEX
poprzez podpisang umoweg stato sie
czescia tego medalowego zespotu,
a dostarczony przez nich sprzet pomaga
w regeneracji skoczkow po obcigzajgcych
treningach i zawodach, umozliwiajac
szybki powrdt do formy.

Fizjoterapia jest nieodzownym sktadniki-
em sukcesu we wspoétczesnym sporcie,
poniewaz przed sportowcami stawia sie
coraz wyzsze wymagania. Muszg oni
walczyé nie tylko z rywalami, ale takze
z wydajnoscig wilasnego organizmu.
Z pomoca przychodza nowoczesne
urzadzenia do fizjoterapii i rehabilitacji,
ktére dajg wytchnienie zmeczonym
migsniom, przyspieszajgc ich regeneracje
i likwidujac baole.
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Oferta METRUM CRYOFLEX obejmuje

aparaty do fizjoterapii i rehabilitacji, m.in.:

- aparaty do terapii skojarzonej
(elektroterapia + ultradzwigki),

- aparaty do kriostymulacji miejscowej,

- aparaty do presoterapii (drenaz
limfatyczny),

- aparaty do terapii ultradzwigkami,

- aparaty do elektroterapii,

- aparaty do laseroterapii,

- aparaty do terapii falg uderzeniows,

- aparaty do terapii wibracyjnej.

Petna oferta:

www.metrum.com.pl, biuro@metrum.com.pl, +48 22 33 13 750



Produkujemy zaawansowane technologicznie aparaty
do fizykoterapii, polepszajac komfort zycia Waszych pacjentow.

Podazamy za perfekcjg — nieprzerwanie od 1995 roku.
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Immunohistochemical study of LED light
photobiomodulation using two different
wavelengths on surgical wound healing in mice

Badanie immunohistochemiczne dotyczgce fotobiomodulacji przy uzyciu $wiatta LED o dwoch
roznych dtugosciach fal w leczeniu ran chirurgicznych u myszy

Tarek Elwakil'»B.C.D.EF) Mahmoud S. Elbasiouny!(A.C.D.EF) Hatem Elnajar!(A.C.D.EF)
Maha Rafie!(ABD.EF) Kawkab Abdelaziz2(A.B.D.EF)

'Department of Medical Laser Applications, National Institute of Laser Enhanced Sciences, Cairo University, Egypt
2Department of pathology, Faculty of Veterinary medicine, Cairo University, Egypt

Abstract

Background. Impaired wound healing is a disastrous medical problem associated with chronic diseases and aging. To accelerate skin
regeneration many techniques have been researched laser and LED has been used for these purposes. Topical phenytoin is simple to use,
safe, inexpensive and readily available drug and plays a significant role in the rate of healing of wounds. Objective. This study aimed to
study the effects of irradiation with light emitting diode (LED) 670 nm in comparison to irradiation with LED 830nm for wound healing.
Materials and Methods. three groups 24 mice per group received treatment as follows. Group I: Wounds followed up without any
treatment modality. Group II: wounds irradiated with red LED 670 nm at fluence of 5 J/cm?. Group IlI: wounds treated by infrared LED
830 nm at fluence of 5 ] /cm?. All treatments started from the 1st day postoperatively and up to three consecutive weeks or till complete
healing of ulcer. Results. The results showed the fastest healing in the infrared group with more deposition of collagen fibers, larger
amounts of granulation tissue, less edema. The second best treatment was the red LED 670-nm the non-treated group as mice showed
less evident features with less collagen fibers deposition. Conclusions. These data suggest that infrared LED 830nm combined is an
effective enhancer of wound healing that stimulates the secretion of growth factors in the wound bed induce several modifications
during the cutaneous healing process, especially in favoring newly-formed collagen fibers to be better organized and compacted

disposed. and led more deposition of collagen fibers.

Key words:

healing, bio modulation, LLLT

Streszczenie

Informacje wprowadzajace. Ograniczone gojenie sie ran jest trudnym problemem medycznym zwigzanym z chorobami przewlektymi

i starzeniem sie. Aby przyspieszy¢ regeneracje skory, zbadano wiele technik laserowych, wykorzystujacych swiatto LED. Fenytoina do
stosowania miejscowego jest prostym w uzyciu, bezpiecznym, niedrogim i tatwo dostepnym lekiem, ktéry odgrywa znaczaca role

w szybkosci gojenia sie ran. Cel. Niniejsze badanie miato na celu zbadanie wptywu napromieniania dioda elektroluminescencyjng (LED)
670 nm w poréwnaniu z naswietlaniem dioda LED 830 nm na gojenie sie ran. Materiaty i metody. Trzy grupy po 24 myszy byty
poddawane nastepujacemu leczeniu. Grupa I: Rany monitorowane bez zadnego leczenia. Grupa II: rany naswietlane czerwong diodg LED
670 nm o strumieniu §wiatta 5 J/cm? Grupa III: rany naswietlane podczerwong dioda LED 830 nm o strumieniu $wiatta 5 J /cm?.
Realizacje zabiegow rozpoczeto od 1. dnia po operacji do trzech kolejnych tygodni lub do catkowitego wygojenia ran. Wyniki. Wyniki
wykazaly najszybsze gojenie w grupie naswietlanej podczerwienia, w ktdrej zaobserwowano réwniez wieksze odktadanie wtokien
kolagenowych, wiekszg iloscig tkanki ziarninowej, mniejszy obrzek. Druga najlepsza metoda leczenia byto stosowanie czerwonej diody
LED 670 nm. W grupie nieleczonej myszy wykazywaly mniej widoczne cechy z mniejszym odktadaniem widkien kolagenowych.
Whioski. Dane sugeruja, ze dioda LED na podczerwien 830 nm w potaczeniu jest skutecznym srodkiem wspomagajacym gojenie ran,
ktéry stymuluje wydzielanie czynnikéw wzrostu w ranie, wywotuje szereg modyfikacji podczas procesu gojenia skory, szczegdlnie
sprzyjajac lepszemu uporzadkowaniu i zageszczeniu nowo utworzonych wtokien kolagenowych i doprowadza do wiekszego odktadania

widkien kolagenowych.

Stowa kluczowe

gojenie, biomodulacja, LLLT
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Introduction

Acute wounds are an important source of morbidity and mor-
tality worldwide, traumatic injuries and surgical procedures
results in a challenging wound and their complications [1].
Advances in wound healing research will improve outcomes,
particularly in the areas of wound infection, wound pain, acu-
te wound failure and excessive scar formation [2]. Healing is
a complex process that involves a series of events, including
clotting, inflammation, granulation tissue formation, epithe-
lialization, collagen synthesis, and tissue remodeling. Thus, it
has been researched extensively, particularly, regarding fac-
tors that could delay or hinder the healing process [3].

The effects of laser therapy on wound healing have been
extensively studied, and conflicting results have been repor-
ted. Many reports demonstrated a positive influence of several
types of lasers on healing, and others have found no effect at
all [4]. This is a consequence of the different protocols used
and of the settings of the laser therapy [5]. Laser therapy is
characterized by its ability to induce photo biological proces-
ses without significant thermal effect [6], by pain relief, as an
anti-inflammatory and as an anti-edematous agent [7]. Studies
using animals have been conducted to evaluate the effect of
various lasers on wound healing, treatment with a 632-nm
He-Ne laser at a fluence of 5 J/cm? enhanced the percentage
of wound closure over time in mice [8]. Wound tensile
strength increased in mice by daily irradiation with an 830-nm
diode laser on of wounds. with a fluence of 5 J/cm2 [9]. based
on biomechanical and biochemical findings, laser treatment
enhanced the tissue repair process by accelerating collagen
production and promoting connective-tissue stability in mices
wounds after laser treatment with a 632.8-nm helium-neon la-
ser at a fluence of 1 J/em? [10].

A preliminary clinical study to evaluate the effect of a 980-nm
GaAlAs diode laser applied once every 2 weeks to healing
wounds on the foot or lower legs. Both diabetic and nondia-
betic patients were enrolled in the study. At each visit for laser
treatment, the wounds were cleaned, debrided with a scalpel
to remove hyperkeratotic tissue, and then treated with the la-
ser set at a power of 5 W. Nineteen wounds from 16 patients
were included in the study. Seven of the 19 wounds, or
36.8%, were completely healed during the course of laser tre-
atment. This included 6 of the 12 diabetic wounds, or 50%.
The average time until complete wound closure was 8.3 we-
eks [11].

This form low level laser therapy (LLLT) is currently being
used to treat various conditions based on the principles of
photobiomodulation, that influences a variety of biological
processes, including the acceleration of wound healing. It is
important to consider that there is an optimal dose of light for
any particular application, and doses higher or lower than this
optimal value may have no therapeutic effect [12]. Wound he-
aling effects are generally observed at fluences between 1 and
10 J/em2, while photo inhibitory effects are typically obse-
rved at higher fluences [13].

Photobiomodulation may induce a decisive impact on the co-
urse of biological events that take place during wound he-
aling, as it enhances collagen synthesis in the wound area
with gradual fibroblastic proliferation and the amount of col-

www.fizjoterapiapolska.pl
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lagen being synthesized can be particularly affected during tis-
sue regeneration [14]. The basic biological mechanism behind
the effects of LLLT is thought to be through the absorption of
red and NIR light by chromophores, in particular cytochrome ¢
oxidase (CCO), which is unit in the respiratory chain located
within the mitochondria [15]. The increased mitochondrial re-
spirateion and adenosine triphosphate (ATP) synthesis, leading
to the enhancement of enzyme activity, increased electron
transport, oxygen consumption, [16]. It is assumed that this ab-
sorption of light energy may cause photo dissociation of the in-
hibitory nitric oxide, as well as alter the mitochondrial or
cellular redox state, inducing the activation of numerous intra-
cellular signaling pathways and altering the affinity of trans-
cription factors concerned with cellular migration,
proliferation, survival, tissue repair, and regeneration [17-19].
Many light based systems had effects on wound healing; these
outcomes were noted irrespective of whether a laser, light
emitting diode (LED) or broadband polarized light source
used as a method of wound healing [20]. The use of LED de-
vices promises huge savings in energy consumption, and ba-
sed on the use of visible light to cause photo stimulation of
cellular chromophores and subsequent biologic effects inclu-
ding proliferation, cellular migration speed, and myofibroblast
differentiation [21]. Several commercially available systems
have now appeared based on arrays of LEDs, designed to use
the potential efficacy of LEDs heads emitting at near infrared
(830 nm) and visible red (633 nm) in accelerating wound he-
aling and controlling side effects such as pain, exudation, cru-
sting, oedema and erythema [22]. When lasers come into
contact with cells, they act on the mitochondria to increase
adenosine triphosphate (ATP) production. In turn, that incre-
ased ATP production can lead to faster production of collagen,
vascular structures, DNA, RNA and other materials essential
to the healing process. In contrast, LEDs emit incoherent light
in a broader range of wavelengths. Their power output is si-
gnificantly lower than that of lasers, which tends to make
them less invasive. Still, they exert the same end effect on ATP
production and healing as lasers [23]. Likewise, LEDs have
clear benefits for wound care, burns and skin conditions, and
the treatment of muscle damage and inflammation. For thera-
pists who work with active populations, LEDs can even en-
hance muscles’ contractile ability and post-exercise recovery —
a significant performance benefit for hard-training athletes
[24].

The purpose of this study was to evaluate the effect of a diode
LED 670 nm in comparison to irradiation with LED 830 nm
on healing of wounds, using a controlled animal model. Speci-
fically, the study examined the imunohistochmechal changes
that occurred during wound healing.

Materials and Methods

Animals

After the Research Ethics Committee of Cairo University gran-
ted a total of 75 mice between 6 and 9 weeks of age and we-
ighing 18-22 g, were used in this study. The animals were
housed one per cage (to prevent cage-mate attacks on wounds)
and had access to food and water ad-libitum. The mice were
maintained on a 12-hour light/dark cycle.
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Wound model

All surgical procedures were carried out by the same operator
under aseptic conditions, mice were anesthetized by an intrape-
ritoneal injection of a ketamine—xylazine cocktail (90 mg/kg
ketamine and 10 mg/kg xylazine) before wounding the dor-
sum of the anesthetized mice were shaved using an electric
fur clipper. The anticipated area of the wound to be created
was outlined on the back of the animals with methylene blue
using a circular stainless steel stencil, to ensure same wound
size in all the mice. A full thickness excision wound diameter
12 mm, the wound was left uncovered during the whole pe-
riod of experiments. To prevent post-surgical infection, anti-
biotics were administered until 5 days following surgery

Light source

The Phototherapy unit used in the study was the LED-based
phototherapy system (made by the laser technology center,
NILES, Cairo University) which consists of a base unit with
two handles one with LED emitting at 670 nm in the visible
red whereas The other handle with LED emitting at 830 nm in
the infrared spectrum.

The photo irradiation performed daily for three weeks, starting
after 6 hours postoperatively and for up to three consecutive
weeks or till complete healing of ulcer as denoted by its com-
plete closure. The LED for both handles applied in continuous
mode and above the wound surface. The output power of LED
was 40 mW with fluence 5 J/cm? and fluence rate (12 mW/cm?).
Each wound area measured approximately 12x12 mm hence
the irradiation Time was (6.6 min).

Experimental design

Mice were randomly divided into three groups 25 mice per
group. The groups were divided into three groups that receive
treatment in form of LED as follows. Group I (Control Group):
Wounds was followed up without any treatment modality. Gro-
up II LED (670 nm): Wounds was subjected to LED (red spec-
trum) Group III (LED (830nm): Wounds was subjected LED
(infrared spectrum) at the same conditions and parameters.

Methods of Assessments

Wound area measurement

The two maximum perpendicular diameters of each wound
were measured with Vernier’s digital caliber on the day of
wounding and at days (0—7-14-21) The measurements were
determined primarily by the same person individual (a veteri-
nary assistant) throughout the course of the experiment to re-
duce variability in data collection. The relative change in the
surface area of wounds with respect to the initial surface area
was determined.

Moreover, the healing process was observed and recorded till
the timings of complete closure of wounds

Wounds were photographed using a high definition digital ca-
mera images were obtained from the first day then subsequent
images were captured till complete closure of the wound.

Histological Evaluations

Immunohistochemically Analysis
Animals were randomly sacrificed from all groups at each
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evaluation time by using an intraperitoneal overdose of keta-
mine at (0-7-14-21) day’s postoperatively. Standardized rec-
tangular specimens were harvested across the wound using
a double-blade cutting instrument then preserved in 10% for-
malin and then embedded in paraffin. Serial tissue sections of
4-pum thickness were prepared, stained with hematoxylin and
eosin (H&E), and observed for histological changes under a li-
ght microscope to assess epithelialization, epidermis thickness,
inflammatory cell infiltration, and blood vessel proliferation.
Staining with Methyl trichrom on paraffin sections done to de-
termine the amount of collagen at the wound the most repre-
sentative findings was documented by photomicrography
Basic fibroblast growth factor vascular endothelial growth
factor (VEGF) and tumor necrosis factor was investigated
the Glass slides were pretreated with organosilane adhesive
(3-aminopropyltriethoxysilane, SIGMA, St. Louis, Missourt).
All the antibodies used in the study were standardized (Anti-
CD31/1:1000, SC-1506, Santa Cruz, Biotech and Anti- VEGF/
1:50, Clone VG1, Neomarkers). Peroxidase was used as the
immunostaining method. Control sections in which the primary
antibody was either omitted or replaced by normal mice serum
was used as negative controls. For positive controls, a section
of the mice granulation tissue was used.

The histological sections were de-waxed in xylol and rehydra-
ted with absolute alcohol and then with water at room tempe-
rature. Antigen retrieval was performed using a 10 mm Citratee
Buffer, pH 6.0 in a 96°C water bath, and blocking of the endo-
genous peroxidase using the Dako Dual Enzyme Block (Dako,
Carpinteria, California). Removal of non-specific binding was
performed with Protein Block Serum Free (Dako), and thus,
the cuts were incubated at 4°C with the primary antibodies in
a wet chamber overnight. The secondary antibody was Poly-
mer Dako Envision Peroxidase (Dako), incubated at room tem-
perature for 30 minutes.

A semi-quantitative graduation standard was used to indicate
the intensity of the immunohistochemically reaction, in which
0 described absence of reactivity, + (moderate), and strong.

Statistical Analysis

Data was presented as percentage. One—way analysis of va-
riance (ANOVA) test was used to compare changes of wound
area among three groups. Values of P < 0.05 was considered
statistically significant.

Results

Results of changes of Wound area from all study groups

In this study, the effect of red LED wavelength at 670 nm com-
pared with near infrared LED wavelength both were delivered at
a constant fluence (5 J/cm?) and fluence rate (12 mW/cm?) sho-
wed that showed that wound areas decreased in all groups com-
pared to the initial wound area measured after surgery.
Compared with mice in the control group, mice in the groups
treated with the LED light showed a statistically significant ac-
celerated wound healing ratios of wounds with P < 0.001; and
mice treated with near infra-red LED light at 830 nm showed
a statistically significant accelerated wound healing ratios of
wounds P < 0.05; compared to wounds treated with red LED
light 670 nm. No significant difference could be detected re-
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garding the degree of granulation between all groups. Wounds
treated with different wavelengths exhibited wound contrac-
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However, non-treated control wounds showed no contraction
(fig 1, table 1).

tion from day 1 until observation of day 21 after wounding.
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Figure 1. Wound area changes in the three groups
Table 1. Morphological changes in wounds in the three groups
Group Day 0 Day 7 Day 14 Day 21
Control 12 10 7 5
Red 12 8 3 1
Infera red 12 7 2 0

Histological Evaluations

Multiple cross-sections of H&E-stained sections of wound tissu-
es obtained from control group and treated groups showed ne-
crosis associated with oedema and inflammatory infiltrate at day
7 showed necrosis associated with oedema and massive dermal
inflammatory infiltrate, at day 14 ill developed granulation tissue
appeared, at 21 days’ granulation tissue formation with inflam-
matory cells infiltration and congested newly formed blood ca-
pillaries were noticed. But less necrosis, oedema and
inflammatory cells infiltration and no haemorrhage is seen with
the group treated with red LED wavelength at 670 and at day 21
showed epithelization granulation tissue formation collagen fi-
bers. infra-red LED light at 830 nm showed less dermal inflam-
matory infiltrate and congested dermal blood vessel at day 21 it
showed epithelization and granulation tissue formation.

Results of immune histochemical study of the Inflammatory
Mediators

Tumor necrosis factor TNF

Immunohistochemically staining of TNF in skin of control
group showing strong positive expression of TNF in skin of
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mice not treated whereas the group treated with red LED light
at 670 nm showing moderate positive expression of TNF in the
mice skin. The group treated with infrared LED wavelength at
830 nm showing no expression of TNF (negative immunoreac-
tions for TNF) (Fig 2).

Vascular endothelial growth factor (VEGF)
Immunohistochemically staining of VEGF in skin of control
mice showing weak positive expression of VEGF Whereas the
skin of mice treated with red LED wavelength at 670 showing
moderate positive expression of VEGF. The skin of mice tre-
ated with infra-red LED light at 830 nm showing strong positi-
ve expression of VEGF (fig 3).

Transforming growth factor (TGF)

Immunohistochemically staining of TGF in skin of mice from
control group showing no expression of TGF. In skin of mice
treated with red LED wavelength at 670 showing positive
expression of TGF. In skin of mice treated with infra-red LED
light at 830 nm showing strong positive expression of TGF
(fig 4).
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Figure 2. Immunohistochemically staining of TNF
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Figure 3. Inmunohistochemically staining of VEGF in skin
at three groups at 14 days
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Figure 4. Inmunohistochemically staining of
TGF in skin at three groups at 14 days
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Discussion

Photo-biomodulation has been used for a variety of medical the-
rapies such as wound healing through irradiation at low energy
levels that can generate significant bio-effects which are manife-
sted in biochemical, physiological, and proliferative phenomena
in various enzymes, cells, and tissues [25]. The beneficial effects
of coherent light such as LASER and non-coherent LED light for
healing wounds in experimental animals and clinically are alre-
ady documented [26]. Light emitting diodes LED discovered in
the early 1900s as a bright Light sources that are fast reacting
with Less Maintenance required, LEDs had high Lifetime, large
spot size displays can be made Laser light has been shown to ha-
ve similar effects on cells and tissues, but lasers are heavy, co-
stlier and do not offer the the large spot size that is needed for
large ulcer and wounds [27].

The specially designed near-infrared LED has a wavelength than
laser light that penetrates deeper without damaging the skin and it
is three times brighter than laser, hence the LED is very safe and
easy to use, as well as portable. For wound healing, the LED is
housed in a 3.5" by 4.5" flat array from which it emits up to three
wavelengths to affect various cell. [28].

LEDs stimulate cytochromes in the body that increase the
energy metabolism of cells. Cytochromes are part of the
"electron transport chain" that converts sugar into instant
energy required by the body to perform all of its actions, such
as healing a wound. [29].

The bottom of the water absorption curve is between 8§20 nm
and 840 nm, giving 830 nm the deepest penetration of any
wavelength in living human tissue. The deep penetration of
both the 670-nm and 830-nm wavelengths, as well as their
absorption characteristics, should ensure a clinically useful
photon density in fibroblasts and other skin cells in the papil-
lary and upper- and mid-reticular layers of the dermis. the cli-
nical results following 670-nm/830-nm LED irradiation
shows both the profilometric results and electron microscopic
findings that confirm the benefits of this LED treatment [30].
Several studies have emphasized the anti-inflammatory pro-
perties of LLLT and shows a reduction in prostaglandin-E2
and the pro-inflammatory cytokine, TNFa also showed a re-
duced inflammatory cell migration [31].

This study showed that wounded mice responded in a dose
and, more significantly, a wavelength dependent manner to
LED light so at 830 nm and a fluence of 5 J/cm2 cells were
protected from apoptosis; there was complete wound closure
more than the group exposed to LED light at 670 nm showed
incomplete wound closure and increased apoptosis [32].

It was interesting that the improvement in wound closure follo-
wing LED light irradiation was apparently dependent of the wave-
length used. However, there was a trend for a more pronounced
increase in growth rate when the infrared [830 nm] was used [33].
Cells have adapted and responded to the LED light, hence
cellular repair mechanisms to 670 nm wavelength showed the
least amount of wound closure and cellular proliferation
[VEGF], at a fluence of 5J/cm2 used in this study showed that
not only is it important to choose the correct fluence, but it is
also important in choosing the correct wavelength. Although
studies have shown 670 nm to be simulative in phototherapy
[34]., this study found the opposite.
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Our results showed that the secreted VEGF and TGF and their
productions would be significantly enhanced after LED irra-
diation for both 830 nm and 670nm at the energy density of 5 J/
cm2. These results are consistent with previous reports in
which growth factors secretion from various cell types was en-
hanced by LED irradiation [35]. A more direct action by re-
duction of TNF-a level seems to be a more plausible
explanation for the beneficial LED irradiation effect demon-
strated in the present analysis. In any case, it is probable that
LED irradiation has an ability to increase the amount of cAMP
when the cells were incubated with TNF-a and stimulated with
isoproterenol. The LED irradiation was efficient in attenuating
as cholinergic hyper reactivity either b-adrenergic hypo re-
sponsiveness of cells after TNF-a exposure. Considering the
cellular signaling mechanism, this leads to exaggerated TNF-
a reduction response, implying that the results should be inter-
preted with attention.

Moreover, higher concentrations of TGF demonstrated an ability
to form more fibroblast LED irradiation also significantly incre-
ased fibroblast formation at both wavelengths used in this study.
The wound milieu is a dynamically active compilation of cells,
biophysical, and biochemical factors. TGF-b plays a predomi-
nant role in a variety of cellular, immune, and matrix organiza-
tional functions [36]. Several interventional therapies for faster
and better healing of wounds have been used in clinical practi-
ce to reduce morbidity and often mortality [37]. Previous stu-
dies demonstrate the ability of LED irradiation to activate and
“prime” the latent TGF in vitro, providing one possible mole-
cular mechanisms of its ability to modulate wound healing out-
comes. [38]. In this study, Further, we tested this hypothesis in
an in vivo rat wound-healing model, thus confirming this cor-
relation and suggesting that the TGF-b pathway might be
a central signal transduction pathway affected by LED irradia-
tion. The immunostaining for TGF detects the total pool in the
tissues analyzed including both the active and the latent forms.
Therefore, the increase we observed in TGF staining in post
LED irradiation in vivo is not as dramatic as those observed by
routine histochemical staining [38]. Further, the activation pro-
cess with LED irradiation show an all-or-none effect, sugge-
sting the possibility to be elucidated whether such effects of
LED irradiation are seen with other similar latent protein com-
plexes, especially other growth factors [like TGF, VEGF] that
have been shown to be activated by similar integrin-mediated
mechanisms. There are also studies demonstrating the effects
of LED irradiation lasers on subcellular organelles, [39].

Conclusions

LED light 830 nm was considered more effective compared to
LED irradiation 670 nm in terms of fibroblast proliferation and
collagen fiber density. However, further randomized clinical
studies are required to determine the effect of combination of
these two modalities of therapy on wound healing in humans.
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