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Q Low Level Laser Therapy (LLLT) is effective in the treatment of
open wounds.

Q Accelerated collagen production in laser treated wounds.
Q 84% of Wounds Completely Healed.

Q Pharmacological treatments combined with laser therapy accel-
erated healing.

Q Wound healing was significantly accelerated 25 - 35 % with
laser therapy.
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The use of low Intensity laser therapy
(LILT) for the treatment of open
wounds In psychogeriatric patients: A
pilot study. Physical and Occupation:
Therapy in Geriatrics. 2000, 18(2):
(1-19)

Verdote Robertson R, Munchua M M, Reddon J R.

The effect of low intensit  y laser ther apy (LIL T) biostimulation on wound
healing in a largely psy  chogeriatric populationw  as assessed o ver a period
of 6 y ears (1991-1996). In total, 84 psy chiatric patients were referred for

the treatment of open wounds of v arying sev erity and etiology . The wound
status, nutritional status, w alking status, and psy chiatric condition of each
patient were assessed prior to the administr ation of laser ther apy treat -
ment. T raditional wound care management w as also used in addition to

laser ther apy. According to laser ther  apy treatment protocol for open

wounds, a single diode laser probe w as used for biostimulation of the

wound bed and the wound periphery . Pre- and post -treatment measure -
ments of wound siz e were obtained periodically for a total of 188 open

wounds 84% of these wounds completely healed, 11.2% partially healed,

2.1% did not change, and 2.7% got worse. The number of treatments for

the 158 completely healed wounds r anged from 3 to 133 (mean 18.5) and

the treatment period r  anged from 5to 383 da ys (mean 47.7). W ound heal -
ing w as found to be related to nutritional status but neither w alking status
nor wound siz e. Results indicate that LIL T is effectiv e in the treatment of
open wounds when it is used as a component of a total wound management

progr am. Implications and directions for future research are discussed.
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Laser photosumulation accelerates
wound healing in diabetic rats.
Wound Repair and Regeneration.
200159 (3):248-255.

Reddy GK, Stehno-Bittel L, Enwemeka CS

In this study , we examined the h  ypothesis that laser photostimulation can facili -
tate healing of impaired wounds in experimental diabetes using a r at model. Dia -
betes w as induced in maler ats b y streptoz otocin injection and two 6 mm diame -
ter circular wounds were created on either side of the spine. The left wound of

each animal w as treated with a 632.8 nm HeNe laser at a dose of 1.0 J/cm2 for

fiv e days a week until the wounds closed (three weeks). Measurements of the
biomechanical properties of the laser -treated wounds indicated there w as amar -
ginal increase in maximum load (16%), stress (16%), str ain (27%), energy ab -
sorption (47%) and toughness (84%) compared to control wounds of diabetic

rats. Biochemical assa ys rev ealed that the amount of total collagen w as signifi -
cantly increased in laser treated wounds o ver the control wounds. Sequential ex -
tr actions of collagen from healing wounds showed that laser treated wounds had
significantly greater concentr ations of neutr al salt soluble (15%) and insoluble col -
lagen (16%) than control wounds, suggesting acceler ated collagen production in
laser treated wounds. There w as an appreciable decrease in pepsin soluble colla -
gen (19%) in laser treated wounds o ver control wounds, indicating higher resis -
tance to proteolytic digestion. In conclusion, the biomechanical and biochemical

results collectiv ely suggest that laser photostimulation promotes the tissue repair

process b y acceler ating collagen production and promoting o verall connectiv e tis -
sue stabilit y in healing wounds of diabetic r ats
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LASER PHOTONS AND PHARMA
COLOGICAL TREATMENTS IN
WOUND HEALING

Farouk A.H. Al-Watban, MSc, PhD, and Bernard L. Andres, MT (AMT) Laser
Medicine Research Section, Biological and Medical Research Department,
King Faisal Specialist Hospital & Research Center,

Riyadh, Saudi Arabia

The exploitation of photobiology in medicine has been of great in -
terest to mankind. There is a growing interest in the use of lasers

for treatment purposes because of the photochemical alterations

induced in biomolecules by light energy. In this paper we present

our data on laser biostimulation, the combination of pharmacologi -
cal treatments Solcoseryl TM (SS) and Polygen TM (PG) with light
therapy using in-vitro and in-vivo models. In-vitro  experiments in -
dicate the ability of laser photons and pharmacological agents SS or

PG to augment or abate the cloning efficiency of various cell lines.

In-vivo  studies focused on the dosimetry of various laser wave -
lengths and the use of wound healing drugs and 632.8 nm laser in

wound healing. The application of pharmacological treatments

combined with laser therapy reveals the utility of light-drug treat -
ment combinations. Given the ever-increasing cost of medical care,

the burden incurred on patients, caregivers and society, this line of

research fulfills the increasing need to develop treatment methods

that enhance wound healing, especially in situations involving re -
sistance to healing.

Results
Laser Enhancement of Oval Full-Thickness Wound Closure
We in vestigated the influence of v arious laser w avelengths (442nm, 514nm,

632nm, 670nm, 780nm, 830nm and 10,600nm) on the healing of o val-full-
thickness wounds in Spr  ague-Da wley r ats. The effect of laser exposure w as
dose dependent (Fig. 1) giving the effects of stimulation (2-16 J/cm2), z ero
bio- activ ation (20 J/cm2) and inhibition (24-28 J/cm2). Using the abo ve-
mentioned w avelengths with their calculated optimum actual doses (Fig. 2)

and treatment schedule of three times per week (Fig. 3), the acceler ation of
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wound closure w as from 7.7% to 29% in healing da ys (Fig. 4). HeNe
632.8nm ga ve the best acceler ation in healing da ys (29 %) (Figs. 4 & 5).

For clinical application, actual dose w as computed b y deducting the plexi -
glas cage reflection and skin reflection from the This study has demon -
str ated the following: a) that each of the treatment par ameters, S S, PG,
laser, laser+S S and laser+PG enhance wound healing significantly; b) that

the wound healing drugs, S S and PG, were equally effectiv  e; c) that laser
laser+S S and laser+PG were fiv e and sev en-fold better compared to the

sole effect of S S and PG, respectiv ely; d) that laser , laser+S S and laser+PG
were equally effectiv  e; and e) that laser treatment is the best single modal

ity for enhancing r at wound healing in an unimpaired

healing conditions.
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830-nm Irradiation increases the
wound tensile strength in a diabetic
murine model. Lasers in Surgery and
Medicine. 2001; 28 (3). 220-226.

Stadler I, Lanzafame RJ ,EvansR, etal.

The purpose of this study w  as to in vestigate the effects of low  -power laser
irr adiation on wound healing in genetic diabetes. F emale mice receiv ed 2
dorsal 1 cm full-thickness incisions and laser irr adiation (830 nm, 79 mW/
cm(2), 5.0 J/em(2) /wound). Daily low -lev el laser ther apy occurred o ver O-
4 days, 3-7 da ys, or nonirr adiated. On sacrifice at 11 or 23 da ys, wounds
were ex cised, and tensile strengths were measured and standardiz ed.
Nontreated diabetic wound tensile strength w as 0.77 +/- 0.22 g/mm(2)

and 1.51 +/- 0.13 g/mm(2) at 11 and 23 da ys. After LLL T, over 0-4da ys
tensile strengthw as 1.15 +/- 0.14 g/mm(2) and 2.45 +/- 0.29 g/mm(2) (P

= 0.0019). Higher tensile strength at 23 da ys occurred in the 3- to 7-da y
group (2.72 +/- 0.56 g/mm(2) LLL Tvs. 1.51 +/- 0.13 g /mm(2)

nontreated; P or = 0.01). Low -power laser irr adiation at 830 nm signifi -
cantly enhances cutaneous wound tensile strength in a murine diabetic

model.
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In vitro effects of low-level laser irra
diation at 660 nm on peripheral blooc
lymphocytes. Lasers in surgery and
medicine 2000; 27 (3): 255-261.

Stadler I, Evans-R, Kolb B, Naim-J-Oet al.

The effects of low -lev el laser light irr  adiation are still highly contested, and

the mechanisms of its action still unclear . This study w as conducted to test
the effects of low -lev el laser irr adiation at 660 nm on human lymphocytes

and to in vestigate the possible mechanisms b y which these effects are pro -
duced.: Whole blood obtained b y phlebotom y w as irr adiated at 660 nmb vy
using energy fluences between 0 and 5.0 J/cm(2). The lymphocytes were

isolated after irr  adiation of the whole blood. F or the control experiment, the
lymphocytes were first isolated and then irr adiated at the same w avelength
and energy fluence for comparison. The prolifer ation of lymphocytes and

the formation of free r  adicals and lipid pero  xides were monitored. Hemo -
globin w as also irr adiated in a cell-free en  vironment to test for the produc -
tion of lipid pero  xides. L ymphocyte prolifer —ation w as significantly higher as
expressed b y a Stimulation Index in samples irr adiated in the presence of
whole blood compared with lymphocytes irr adiated after isolation from

whole blood. Free r adical and lipid pero  xide production also increased sig -
nificantly when samples were irr adiated in the presence of red blood

cells.The present study supports the h ypothesis that one mechanism for the
photobiostimulation effect after irr adiation at 660 nm is the reaction of light

with hemoglobin, resulting in o xy genr adical production.
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WOUND HEALING PROCESS: IN
FLUENCE OF LLLT ON THE
PROLIFERATION OF FIBRO
BLASTS AND ON THE LYM
PHATIC REGENERATION

Lievens P, van der Veen Ph Department of Rehabilitation Research Vrije
Universiteit Brussel, Brussels, Belgium.

In order to fully understand the positiv e influence of LLL T on wound heal -
ing, we in vestigated the influence that laser has on prolifer ation of fibro -
blasts, one of the basic elements in the wound healing process, and on the

regener ation of the lymphatic system, which is important for the ev acuation
of fluids and w aste products out of the wound area.

Material and Method: 1)T o do so we cultiv  ated cells coming from 2 differ -
ent mice (t ype NMRI) and divided 4 groups per mouse. T wo were irr adi-
ated, two not using a IR (904nm, 3.7mW) laser . Then we did a BrdU label -
ing with 4 flasks (2 were irr adiated, 2 control) 2)T o in vestigate the regen -
eration of the lymphatic system, we made a standardiz ed incision on the
ventrolater al side of 600 mice. In the control group (n=500) as well as the
experimental group the ev  olution of 4 par ameters w as studied (adhesion,
local oedema, regener ation of the v ein and regener ation of the lymphv  es-
sel) b y means of tr ansillumination microscop y. The wounds in the test

group were irr  adiated twice a da y with a combined HeNe (632nm, 5mW)- IR
(904nm 68.8mW) laser

Results: 1) The results show a significant increase (p<0.05) of fibroblast

prolifer ation. The BrdU labeling showed an increased DNA activit y. There is
also a perfect match between number of fibroblasts and DNA activit y. 2)
The adhesion of the scar with the underla ying tissues disappeared after 10
days in the control group and after 4 da ys in the experimental group . The
local oedema dissapeared in the test group after 8 da ys, while in the con -
trol group it lasted until 10 da ys. A consider able acceler ation of the regen -
eration of bothv einand lymph v essel w as seen in the test group
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Wound Healing in Animals and Hu
mans with use of Low Level Laser
Therapy-Treatment of Operated Spol
and Traffic Accident InjuridsRan
domized Clinical Study

Zlatk o Simuno vic, M.D ., F.M.H., Anthon y D. Iv ank ovich, M.D ., Arsen Depolo , M.D .,
Ph.D Department of Anesthesiology and Intensiv e Care Unit, La Caritf Medical Cen -
ter, Laser Center , Locarno , Switz erland Department of Anesthesiology , Rush Presb y-
terian St. Luk e's Medical Center , Chicago , lllinois, US A Department of Surgery
Medical School, Univ ersit y of Rijeka, Rijeka, Croatia

Background and Objective: The main objectiv e of current animal and
clinical studies w as to assess the efficacy of Low Lev el Laser Ther apy (LLLT)
on wound healing inr  abbits and humans.

Study Design/Materials and Methods: A randomiz ed controlled study in
rabbits initially ev  aluated the effects of laser irr adiation on the healing of
surgical wounds. The application of LLL T to human tissues is compar  able to
animal tissues of similar ph  ysiological structure, so a clinical ev aluation w as
subsequently conducted. After surgical ther apy for injuries in  volving the
ankle and knee bilater  ally, Achilles tendon, epicondylus, shoulder , Wrist, or
interphalangeal joints of hands unilater ally, LLLT was used in 74 patients for
18 da ys. Infr ared diode laser (GaAlAs) 830 nm continuos w ave w as used for
treatment of T rigger P oint (TP) and HeNe 632.8 nm combined with diode

laser 904 nm pulsed w  ave laser for scanning procedures, both applied as
monother apy during the current clinical study . The presence of redness,

heat, pain, swelling and loss of function were assessed.

Results:  Wound healing w as significantly acceler ated (25-35%) in the
group of patients treated with LLL T. Pain relief and functional reco very of
patients treated with LLL T were significantly impro ~ ved comparingtoun -
treated patients.

Conclusion:  In addition to acceler ated wound healing, main adv antages of
LLLT of postoper ativ e sport - and tr affic - related injuries are reduced expo -
sure to side effects of drugs, significantly acceler ated functional reco very,
earlier return to work, tr aining and sport competition, with cost benefit

compared to control patients.
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LOW LEVEL LASER THERAPY IN
DERMATOLOGY: AN OVERVIEW
OF THERAPEUTIC POSSIBILITIES

Zlatk o Simuno vic, M.D ., F.M.H., Tatjana T robonjaca, M.D . Pain Clinic -Laser
Center, Locarno , Switz erland Laser Center , Opatija, Croatia

The first application of Low Lev el Laser Ther apy (LLLT) w as completed on derma -
tological disorders lik e skin ulcers, in early sixties. In the meantime, dermatologi -
cal indications for LLL T have increased. P articular effects of LLL T are observ ed
when laser beam is applied on the open wound, which healing can be significantly

acceler ated especially in patients with dela yed or impeded wound healing lik e
patients with circulatory disorders, diabetic patients, etc. LLL T triggers

biostimulativ e-regener ativ e processes inside the cell and subsequently causes re -
vitalisation of the issue as well. Second effect of LLL T refers to the v asodilatation
and neo vascularisation of local blood and lymph v essels, thus causing a better

remo val of w aste products and, on the other hand, impro ved o Xy genation and nu -
trition of damaged tissue. Analgesic and anti-inflammatory effects of LLL T are also
significant when irr  adiating certain dermatological changes. All effects mentioned

before will be discussed in details during the lecture. Therefore, LLL Tis used toda y
in dermatology in the treatment of the following conditions: - Ulcus cruris - Burns

- Herpers infections - Scar tissue - K eliod - Sclerodermia- R osacea - Neurodermi -
tis - Ecz ema - Lichen ruber planus and scrofulosus - Psoriasis - Haemathoma -

Etc. Each pathological condition will be explained, and optimal and individual en -
ergy densities will be presented in this lecture.
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