ISSN 2039-4632

Updates from

8th International Congress
of the World Association
of Laser Therapy – WALT
Editor

Jan M. Bjordal

vol. 1, n. 1.2010

an International Journal of Medical Sciences
ISSN 2039-4632

ISBN 978-88-7587-597-8
Director and editor-in-chief
Musiani Irio
Medimond s.r.l. - Via G. Verdi 15/1, I-40065 Pianoro (Bologna)
e-mail: info@medimond.com - www.medimond.com
This journal was printed in December 2010 by EDITOGRAFICA s.r.l.,
www.editografica.com.
© 2010 - Medimond s.r.l., Via G. Verdi 15/1, I-40065 Pianoro Bologna.
All rights reserved. Single photocopies of single articles may be made for personal use.
Written permission from the publisher is required for all other photocopying. Subscriber may reproduce tables of contents or prepare list of articles including abstracts for
internal circulation within their institutions. Permission of the publisher is required for
all other derivative works, including compilations, translations, electronic store and
use, and transmissions in any form or by any means.

Foreword

The 8th International Congress of the World Association of Laser Therapy (WALT)
was held during 25 – 28. September 2010 in Bergen, gateway to the Fjords of Norway.
WALT was formed in 1994 in Barcelona, Spain at the joint Congress of the International
Laser Therapy Association (ILTA) and the International Society for Laser Application
in Medicine (ISLAM) when these two international groups merged and WALT became
the leading world body for promoting research, education and clinical applications
in the field of phototherapy with lasers and other light sources. The multi-national
membership includes the world’s leading experts in all forms of treatment mediated
by the photobiomodulating effects of light occurring without major thermal effects
on irradiated tissue. The aims of the Association include the promotion of evidencebased clinical application of laser therapy in the fields of medical practice, dentistry,
veterinary medicine and allied health professions; encouragement of research into
the clinical application of phototherapy in accordance with internationally accepted
standards of best practice; promotion of laboratory-based research into mechanisms
of photobiomodulation; encouragement of education, international co-operation and a
forum for information exchange and the establishment of an international reference
body for accreditation of standards in research and education in laser therapy across
all disciplines.
Contrary to drugs and their numerous side-effects, laser therapy is safe by the
definition of international radiation agencies, if eye protection is ensured. Another
difference is the interaction between empirical observations in clinical practice, and
the quest for biological mechanisms that can explain them. We think that this collaboration between basic science and clinicians and across disciplines, is particularly
fruitful and rather unique in medical research.
During the WALT 2010 congress, we have witnessed the rapid development of new
scientific advances in the low level laser therapy field. Scientists from 25 countries
and all 5 continents were participating. 123 free papers were accepted for presentation,
along with 4 keynote lectures and 22 invited presentations coming from distinguished
academic institutions like Harvard University and the Mayo clinic. Awards were
given to revolutionary new research in low back pain with sciatica, tendon injuries
and mitochondrial activity after LLLT in Parkinson disease. In Pubmed. there are
now around 6000 scientific articles about laser therapy and the Pedro database of
controlled clinical trials contains 136 hits.
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Although the use of laser therapy had been viewed with scepticism for many
years, recent advances in laser research as well as peer-reviewed publication of good
research studies have contributed to the significant role of this treatment modality in
modern medicine.
							

Jan M Bjordal

President WALT 2010 Congress
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Low intensity laser irradiation ameliorates stem cell
based therapy for use in autologous grafts
Abrahamse H.
Laser Research Centre, Faculty of Health Sciences, University of Johannesburg,
P.O. Box 17011, Doornfontein, 2028, Johannesburg, South Africa.
Email: habrahamse@uj.ac.za

Summary
Adipose derived stem cells (ADSCs), isolated from adult human adipose tissue
and aspirates, hold tremendous potential for cellular therapy applications since they
can be harvested and multiplied efficiently and non-invasively and have pluripotential and proliferative capacity while minimising immune-incompatibility when used
in autologous grafts. In addition, ADSCs have differentiation potential along the
mesenchymal lineages of adipogenesis, osteogenesis, chondrogenesis and myogenesis
further expanding its therapeutic potential. However, the clinical use of adult stem
cells presents problems such as limited cell number, pain and morbidity upon isolation.
Low intensity laser irradiation (LILI) has been shown to have a biostimulatory effect
in a variety of different cell types affecting cellular characteristics including viability,
proliferation, migration, protein expression and genetic integrity, while clinical effects
include pain alleviation, reduction of inflammation and wound healing. Combining
stem cell based therapy and LILI thus further potentiates two individually promising
therapeutic treatment modalities. This paper explores recent advances in the effect of
LILI on ADSCs and possible therapeutic implications.

Introduction
The augmentation of stem cell based therapies to potentially modulate regenerative
processes using non-invasive methods such as LILI holds great potential1. The study
and development of stem cell therapy coincided with the development of other highly
investigative and therapeutic disciplines such as tissue and genetic engineering, molecular biology and bio-compatible polymer synthesis leading to significant advances
in the field of regenerative medicine. LILI has been applied clinically for the treatment of a variety of disorders including, pain, inflammation, cancer, skin diseases,
soft tissue injuries and many more. It includes the use of low power intensity light
devices delivering light in the visible to near-infrared wavelength of approximately
©2010 by MEDIMOND s.r.l.
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Table 1. Laser parameters used and cellular responses measured in ADSCs.

400 to 1000 nm. LILI of different intensities can both, inhibit or stimulate, cellular
processes activating signalling cascades which ultimately lead to cellular modulation.
Light energy is absorbed by light-absorbing molecules such as chromophores in the
cells which direct and convert the light energy to be harvested in the form of chemical
energy through the photochemical synthesis of adenosine triphosphate (ATP)2. The
mechanism whereby this occurs is not well understood but thought to be facilitated
by the mitochondrial respiratory complexes resulting in production of reactive oxygen
species, cyclic adenosine monophosphate (cAMP) synthesis and influx of intracellular
calcium. A significant increase in ATP production has been identified using a range
of different wavelengths including 632.8, 830 and 904 nm and LILI and in a number
of different cell types such as fibroblasts, keratinocytes, osteoblasts, lymphocytes and
endothelial cells3,2.
Peptide-based biopolymers are emerging as a new class of biomaterials due to their
unique chemical, physical and biological properties. Applications of these engineered
biomolecules include tissue engineering where they serve as injectable scaffolds that
form gels in vivo via physical or chemical means and provide a minimally invasive
route to deliver tissue scaffolds4. Hollow, bioresorbable, bioactive, ceramic tricalcium
phosphate (TCP) shells impregnated with a bioresorbable polymer, polylactide-coglycolide (PLGA) was used to investigate the potential as bulking and carrier particles
for stem cell therapy.

Materials and methods
Adipose tissue from consenting donors undergoing abdominoplasty was used for
the isolation of human adult ADSCs. Ethical approval in accordance with the Human Tissue Act 65, 1983, was obtained from the Ethics Committee of the Faculty of
Health Sciences, University of Johannesburg. The effect of LILI was investigated on
ADSCs with respect to morphology, viability, proliferation and maintenance of stem
cell character5. In addition the effect of different wavelengths, fluencies and duration
of effect post-irradiation were assessed6,7. Differentiation of ADSCs into smooth muscle
cells (SMCs) was induced using growth factors and confirmation of differentiation
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was assessed by SMC marker expression8,9. Finally, the ability of ADSCs and SMCs
to grow compatibly on Polycarbolactone (PCL)-TCP particles was analysed using
convocal microscopy (Table 1).

Results
This paper reviewed the development of adult human ADSCs as potential contributors to therapeutic interventions such as autologous grafts as well as the contribution
of LILI on the maintenance of cell character and success as possible clinical therapeutic alternatives. After isolation of ADSCs, stem cell confirmation was performed
and the expression of stem cell markers, β1-integrin and Thymine-1 was observed
using dot blot analysis, immunofluorescence as well as RT-PCR (Table 2D). Several
cellular responses of ADSCs were evaluated in response to LILI. Cell morphology
did not alter after irradiation with 636, 680 or 830 nm using 5, 10 or 15 J/cm2 (Table
2A) . However, cell viability and proliferation significantly increased after irradiation with 636 nm and 5 J/cm2 (Table 2B,C). Higher wavelengths as well as higher
fluencies of 680 and 830 nm and 10 and 15 J/cm2 decreased ADSC proliferation
as well as viability (Table 2C). ADSCs were successfully differentiated into SMCs
using Retinoic Acid (RA) and Transforming growth factor β1 (TGF-β1). Differentiated ADSCs displayed expression of Smooth muscle alpha actin (SMα-a), Desmin,
Smooth muscle myosin heavy chain (SM-MHC) and Smoothelin confirming early
and late expression proteins of SMCs (Table 2E). In addition, both ADSCs as well
as differentiated SMCs were shown to have the ability to grow compatibly with and
on PCL particles (Table 2E).

Conclusion
Our work has focussed on the ability of laser irradiation to proliferate and maintain
ADSC character and increase the rate of proliferation and maintenance of differentiation of ADSCs into SMCs. In addition wavelength and fluence have also been studied
and found to contribute to biostimulation of ADSCs although wavelengths of higher
than 636 nm and greater fluencies including 10 and 15 J/cm2 decreases viability
and proliferation. The use and application of ADSC differentiated SMCs for clinical
applications using resorbable, injectable solid PCL microspheres as a delivery and
bulking agent for clinical applications shows great promise and has been shown to
have potential in other applications including bone disease where human mesenchymal
stem cells were cultured on PCL-TCP scaffolds and cell attachment, spreading and
cellular bridging have been observed10. Growth factors may be incorporated into the
polymer matrix for controlled release at the implanted site. The purpose of the growth
factors is to promote regeneration of tissue in the affected area, leading to long-term
bulking. The polymer properties and manufacturing parameters can be selected to
manipulate the bioresorption rate and growth factor release rate. The matrix also
provides the opportunity for the incorporation and controlled release of therapeutic
drugs at the target site.
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Table 2. Cellular effects of LILI on ADSCs and differentiation into SMCs.
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Low Level Laser Therapy in Chronic Pain in JuvenileOnset Spondyloarthritis
Ailioaie C.1, Ailioaie L.M.1,2
1
2

Faculty of Medicine, “Gr. T. Popa“ University of Medicine and Pharmacy, Iasi
Dept. of Medical Physics, “Al. I. Cuza” University, Iasi, Romania

Summary
Effects of Low-Level Laser Therapy (LLLT) on patients with chronic pain in
Juvenile-onset Spondyloarthritis (JSpA) were studied on 34 children with mean age
of 12.2 years, who received local LLLT, comparatively with a control group of 33
patients who received placebo laser. The protocol consisted in laser irradiation with
3 J/cm2 of the affected enthuses and with 2 J/cm2 of the loco-regional lymph nodes
using a GaAlAs probe of 830 nm, 300 mW, 10 Hz. LLLT was administrated every
second day, 10-12 sessions, repeated after 3 months. At the end of the study, the
LLLT group demonstrated evidence of improvement not only in the pain associated
with JSpA, but showed increased function and quality of life and the amelioration in
the axial symptoms of the disease (76.5%), comparatively with placebo laser group
(27.2%).

Introduction
The juvenile spondyloarthropathies constitute a group of chronic inflammatory
diseases of the joints (arthritis) and tendon attachments to certain bones (enthesitis),
affecting predominantly the lower limbs and, in some cases, the pelvic and spinal
joints [1, 2]. The literature suggests that LLLT offers analgesic as well as antiinflammatory benefits. LLLT has primarily been shown useful in the short-term treatment of acute pain caused by rheumatoid arthritis, osteoarthritis, tendinopathy, and
possibly chronic joint disorders [3, 4, 5]. The aim of the present study was to assess
the effectiveness of LLLT on the reduction in pain and on function improvement in
children with JSpA.

Materials and Methods
Sixty-seven patients diagnosed with JSpA were included into a double-blind ran©2010 by MEDIMOND s.r.l.
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domized placebo controlled LLLT trial of 36 weeks’ duration in the Pediatric Pain
Research and Therapy Center in St. Mary Hospital, Iasi, Romania, between March
2008 and March 2010. To be eligible for enrolment in the original LLLT-trial, patients
must satisfy criteria of the International League of Associations for Rheumatology
(ILAR) for juvenile idiopathic arthritis and European Spondyloarthropathy Study
Group (ESSG) [6]; written and signed consent letter by the patient, children’s parents
or the legal guardian that certifies they agree with, understand and will follow the
study’s protocol. Patients continued to be administered stable doses of non-steroidal
anti-inflammatory drugs, corticosteroids, or disease modifying anti-rheumatic drugs
during the trial. The criteria of exclusion were: mental disability, functional limitations
class IV, neoplastic diseases, active tuberculosis, current prednisone dose of more than
10 mg/day; hypersensitivity to light.
Thirty-four patients with a mean age of 12.2 years, diagnosed with JSpA, received
local LLLT (Group I), comparatively with the control group of 33 patients (Group
II) who received placebo laser (disconnected laser – the same device). In Group
I, the treatment protocol consisted in laser irradiation with 3 J/cm2 of the affected
entheses located at the heel, in the mid-foot and around the kneecap, and/or iliac
crests, anterosuperior and posterosuperior iliac spines, and with 2 J/cm2 of the locoregional lymph nodes using a GaAlAs probe of 830 nm, 300 mW, 10 Hz. LLLT was
administrated every second day, 10-12 sessions, and repeated after 3 months. To be
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considered responders, patients had to demonstrate at least 20% improvement from
the baseline in at least 3 of the following five outcome measures: morning stiffness,
spinal pain, functional limitations, patient’s global assessment of the disease activity,
and swollen joints count. The pressure threshold and pain tolerance sensitivity expressed in newtons/second were assessed in the dorso-lumbar region with the Commander
Algometer and the degree of paravertebral muscle contraction was determined with
Dual Inclinometer System (JTECH Medical). The statistical analysis followed the
comparison of the two groups, performing t-student test and Fisher’s exact test for
a trust interval of 95%.

Results
The clinical and biological parameters displayed no statistical differences in the two
groups at the beginning of the study (Table I). At the end of study, the laser photobiostimulation proved to determine significant differences in the primary outcomes of
the LLLT group, comparatively with the placebo laser group (Table II). The primary
endpoint of this study, the proportion of patients that achieved a positive response
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at Day 270 (Table II), was significantly higher in the group treated with local LLLT
(76.5%), than in placebo laser group (27.2%).
The response in Group I occurred as quickly as one month and continuously
increased. The low back pain assessed by Commander Algometer in LLLT group,
initially with an average deficit of 28%, was significantly reduced (p = 0.0453) to
9% in the end of the study, while in the placebo laser group the deficit decreased
only from 27% to 23%.
Functional limitations, the morning stiffness, the global assessments of the disease
activity and the signs of peripheral disease had all improved significantly by the 6th
month of the trial, and benefits continued till the end of the study. Level of unilateral
deficit decreased by 46.5% in Group I, comparatively to only 27.2% in the control
group, and the range of motion in the affected joints increased by 60% in the LLLT
Group, comparatively with 29% in the placebo group, at the end of study.
LLLT proved to be an effective alternative method of complex management of
chronic pain in juvenile-onset spondyloarthritis.

Conclusions
LLLT applied at the primary sites of entheses can be considered a valuable option
in the treatment of juvenile-onset spondyloarthritis.
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Effects of Intravenous Laser Blood Irradiation and
Physical Therapy in Juvenile Arthritis
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Faculty of Medicine, “Gr. T. Popa“ University of Medicine and Pharmacy, Iasi
Dept. of Medical Physics, “Al. I. Cuza” University, Iasi, Romania

Summary
The aim of this study was to evaluate the effects of Intravenous Laser Blood Irradiation (ILBI) in children with chronic arthritis. Forty-seven children with a mean age
of 11.9 years, diagnosed with Juvenile Idiopathic Arthritis (JIA) received ILBI daily,
7 to 10 sessions per month, repeated every 3 months, for one year. ILBI was applied
using a GaAlAs probe (3 mW, cw, 630 nm), 15 minutes each session, together with
individualized physical therapy, comparatively with forty-five JIA patients (control
group), who received only conventional therapy for a period of 12 months. ILBI together with individualized physical therapy has decreased pain, increased strength and
mobility in the arthritic joints, thereby preventing risks of pharmacological therapy
and disability, statistically significant (p < 0.05) compared with the control group.

Introduction
Over the last decade, significant progress has been made in increasing the number
of pharmacological options available to treat juvenile arthritis. However, it is still not
easy to predict the treatment response in children and side effects [1, 2]. The therapy
with low-intensity laser radiation and IBLI is used successfully today in medicine,
including in chronic pain in paediatric autoimmune diseases [3].

Materials and Methods
47 children (Group 1) with a mean age of 11.9 years, diagnosed with JIA received
ILBI daily, 7 (< 9 yrs) to 10 sessions (> 10 yrs) per month, repeated every 3 months,
for 12 months. ILBI was applied using a GaAlAs probe (3 mW, cw, 630 nm), 15
minutes each session, together with individualized physical therapy, comparatively
with 45 JIA patients (Group 2 - control), who received only conventional therapy for
a period of 12 months. Written consent letter was signed by the patient, children’s
©2010 by MEDIMOND s.r.l.
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parents or the legal guardian, that certifies they agree with, understand and will follow
the study’s protocol instructions.
Clinical assessment was performed using the JIA Core Set Data (CSD) [number
of active joints, number of joints with limited range of motion, physician’s global
assessment, patient or parent’s global assessment of activity, the childhood health
assessment questionnaire (CHAQ) and ESR]; improvement as defined by international
consensus (3 or more CSD improved by 30%, and no more than 1 core set criterion
worsened by 30%) [4]. Exclusion criteria were: young women who are pregnant,
hypersensitivity to light and malignancy or pre-malignancy states. The data were
analyzed at the beginning and after one, 3, 6 and 12 months of treatment. Statistical
analysis followed the comparison of the two groups, performing t-student test and
Fisher’s exact test for a trust interval of 95%.

Results
At the beginning, there were no major differences between the two groups regarding demographics, clinical and laboratory signs (Table 1).
In the end of study, ILBI together with individualized physical therapy proved
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Fig.1. Improvement of each parameter of CSD (%), at the end.

to induce a very good response and prevented progression of rheumatoid arthritis
in group 1, comparatively with group 2. Clinical improvement was paralleled by an
extremely significant decrease of the laboratory dates (ESR and CRP levels) in group
1 (Table 2; Fig.1).
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Fig.2. Evolution of the total score of CSD.

The analysis of the parameters of the core set data that have monitored the activity of JIA, has shown very good results in decreasing the inflammation in group 1,
comparatively with the control group (Fig. 2).
In group 1 there were no side effects to IBLI or drugs (because of much lower
doses), comparatively with the control group where 34% of patients experienced
adverse drug reactions.

Conclusions
ILBI together with individualized physical therapy has notably decreased the
chronic pain, has increased the strength and mobility, thereby preventing risks of
pharmacological therapy and disability, statistically significant compared with the
control group.
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Photobiostimulation and Self-organization Phenomena
at Cellular Level in Medical Conditions
Ailioaie L.M.1,2, Ailioaie C.1, Chiran D.A.1, Sanduloviciu M.2
1
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Summary
Elucidation of the mechanisms through which photobiostimulation selectively
affects the living cells is essential for improving its efficiency in different medical
conditions. Starting from the experimentally proven fact that any living cell works
by mechanisms that involve emission of biophotons, we tentatively explain based on
a new scenario of self-organization, the followings: how the electrical charge of the
cell nucleus is maintained constant by a continuously conversion of thermal energy
in electric field energy; how the cell nucleus works as a micro-oscillator; why the
biophotons emission takes place coherently. By laser irradiation, the electrical charging process of the nucleus is improved that, in its turn, can enhance the stability of
the genetic functions of the cell as a whole, and consequently, its immune reactions
may increase.

Introduction
Modern treatments have proved the beneficial effects of laser therapy in different
medical conditions, such as: early stages of rheumatoid arthritis (retrieval of functions,
relief of pain and the limitation of its complications), bronchial asthma, diabetes,
wound healing etc. Low-level laser irradiation can eliminate edema, normalize blood
circulation, accelerate the healing process in case of deep soft-tissue injuries and it
strengths the immune system in pediatric diseases [1].

Materials and Methods
We start from the well-known fact that the living state of all cells involves emission of very small electromagnetic radiation in the form of so-called biophotons. The
cell nucleus was identified as the source of this emission [2]. Although intensively
studied, the problem why biophotons are emitted, i.e., if biochemical or biophysical
©2010 by MEDIMOND s.r.l.
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phenomena are at their origins, is today a controversial issue. We propose a new
conceptual model proving that a self-organized cell-like complexity whose emergence
was initiated in laboratory by known physical processes ”organically runs”, or we
may say ”lives” by emitting photons. Knowing the scenario of self-organization [3]
by which these complexities emerged and hypothesizing that the eukaryotic nucleus
of the biological cells is the successor of a minimal-cell emerged under early Earth
condition, we tentatively explain how laser irradiation, but also other physical agents,
can affect the machinery by which biological cells live and, implicitly, the health condition of a living organism. Experimental data have revealed that: ”a cell nucleus is
not a mere library of genes, but also plays the role of an energetic organoid, namely,
a microoscillator and an accumulator of an electric charge which is supplied by the
temperature energy and the photon energy of a wide spectral range” [4]. In order to
affect the working regime of a cell nucleus, there are different possibilities that also
include the action of external physical agents. We consider the emission of biophotons as a hint able to offer information concerning the kind of physical processes by
which the nucleus and implicitly, the cell as a whole works. Evidently, in order for
the biophotons to be emitted, the atoms must be firstly excited. Taking into account
the temperature at which the biophotons are emitted, the single possibility to excite
atoms consists in the acceleration of electrons in a local electric field. Since the potential drop of the membrane of the nucleus is very small, only a very small number
of electrons located in the surroundings have sufficient thermal energy to produce,
after acceleration in this potential drop, ionizations and, implicitly, excitations. Consequently, photons in the visible range are emitted very rarely. However, the same
mechanism can work for a very large spectrum of the emitted electromagnetic energy,
including the thermal one, we hypothesize that the machinery by which the nucleus
lives is similar to that of cell-like complexities emerged by self-organization. The living
state of the nucleus involves the direct conversion of thermal energy extracted from
the surroundings by a mechanism exploiting collective effects of quantum processes,
which is proved by the emission of biophotons [3]. This hypothesis coincides with
already expressed ones, namely that thermal energy plays, besides chemical energy,
an important role in ensuring the living state of a cell. It was recently suggested that
living organisms sense the thermal energy and, in suitable environments, they may
have gained the capacity to use it as an energy source [5]. It was also shown that
living organisms operate with functional elements which actually exploit quantum
and thermal fluctuation phenomena [6].

Results
To explain how external physical agents influence living cells, we started from a
scenario of self-organization revealed by experimental results [3]. So, we start from
the presumption that by a mechanism that involves physical processes, Nature has
“mastered” the electronic skeleton that serves as mould for organic matter, which
explains the emergence of the ancestral eukaryotic nucleus of the cell. Endowed with
an electronic memory that works extracting thermal energy from the surroundings, the
further evolution of the eukaryotic nucleus evolves stepwise when nonlinear (enzymatic)
chemical processes that serve as memory marks appear in the environment [3]. Thus
encoding additional information the self-organization state of the ancestral eukaryotic
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nucleus was improved simultaneously with the evolution of the environment. Based on
such a conceptual model, we tentatively explained the following phenomena revealed
by a contemporary living cell: (i) how the electrical charge located in the structure
of the cell nucleus is maintained constant by a continuously produced conversion of
thermal energy in electric field energy; (ii) how the cell nucleus works as a microoscillator; (iii) why the biophoton emission takes place coherently.
All afore listed phenomena are related to biophoton emission, so that the inverse
phenomenon, namely the absorption of photons, normally affects the “quantum oscillations”, involved in transforming electromagnetic energy in useful work. Starting
form the premise that the operations performed by living cells are governed by an
algorithm of instructions encoded in the “microcomputer” located in the nucleus of
the cell, we explained how external physical agents can affect these operations. What
we found most important is the fact that, different from all other computers mastered
by modern technologies, the computer of the eukaryotic nucleus mastered by Nature
works by a mechanism based on thermal energy extracted from the surroundings
[3]. Amendable by nonlinear (enzymatic) changes produced in the environment that
serve as memory marks, the algorithm of instructions encoded in the memory of this
microcomputer has evolved concomitantly with the environment at the Earth during
its history. Living in an environment that contains molecular oxygen, the microcomputer located in the nucleus of the cell has access to different energy sources: thermal
energy extracted from the surroundings and energy resulting after chemical reactions.
However, because the microcomputer works by a mechanism that involves emission
of photons, we presumed that this chemical energy becomes usable only after conversion, by oxidations, in thermal energy. This drastically changes the living process
of the cell because, involving oxidations, the lifetime of the cell becomes limited.
Consequently, an inherited mechanism related to cell multiplication by division, also
revealed by experiments, explains the continuity of living systems on the Earth [3,
7]. Endowed with an algorithm of instructions encoded during its evolution in an
environment itself in evolution, all electrical operations commanded by the nucleus
of the cell can be influenced by external acting physical agents. So, laser irradiation
affects the increase of chromatin looseness, associated with an asynapsis of the homologous chromosomes in heterozygous organism. This can lead, as suggested by the
same author, to the increase of the electrical capacity and the stability of the electrical
potential of the cell nucleus. So, by laser irradiation it is possible to improve the
electrical charging process of the nucleus that, in its turn, can enhance the stability
of the genetic functions of the cell as a whole. Consequently, the specific resistance
of the cell and, implicitly, its immune reactions increase.

Conclusions
Starting from the premise that the operations performed by living cells are governed
by an algorithm of instructions encoded in the “microcomputer” located in the nucleus
of the cell we explained how laser irradiation can affect these operations.
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Ultra-low-level infra-red laser light irradiation on
cultured fibroblasts: effects on mitochondrial and
structural proteins
Giuliani A., Lorenzini L., Giardino L., Calzà L.
BioPharmaNet-DIMORFIPA, University of Bologna, Bologna,Italy

Summary
Red light has a great impact on living organisms also at cell level. We investigated the effect of photostimulation in the red-to-near infrared spectrum wavelength
delivered by a laser device at extremely low level on cultured murine fibroblasts.
We showed that three days of pulsed exposure cause the increase of cytochrome C
staining in mitochondria. Membrane-bound actin immunostaining decreases under
red-light exposure, and cell shape is modified. The body/elongation ratio decreases,
suggesting that fibroblasts acquire a more dynamic morphology. These data indicated
that even extremely low levels of pulsed red light affects living cells.

Introduction
A growing number of laboratory and clinical studies have shown that laser light
at extremely low energy doses is capable of eliciting significant biological effects,
depending on the power density, wavelength, and frequency. This photobiostimulation may be referred to as “Ultra Low Level Laser Therapy” (ULLLT) (for a review,
Baratto et al., 2010). Our recent work have pointed out that a device delivering extremely low power (3mV), by square wave modulation and reduced Duty Cycle of
the emission (1%), so that total given energy is normally under 3 mJ, is clinically
effective on pain models in experimental animals (Giuliani et al., 2009; Lorenzini
et al., 2010) and modifies neurite outgrowth and mitochondrial reaction to oxidative
stress in vitro systems (Giuliani et al., 2009). Since the Peak Power value and used
Mean Power (Peak Power multiplied by Duty Cycle) of our device is extremely
low compared to so-called “low-level lasers”, in this study we have investigated the
impact of red-to-near infrared (IR-A) light on the regulation of known photoacceptor
and photosignal transducer for red light (cytochrome C in mitochondria, Karu, 2008,
2010) and structural proteins involved in shaping cells (membrane-binding actin).
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Fig. 1. Mitochondrial network, as visualized by immunocytochemistry for cytochrome C (panel A) and after
deconvolution software procedure (panel B). Panel C: effect of red light laser exposure performed according
to the indicated temporal scheme on cytochrome C optical density.

Materials and Methods
Cell culture and immunocytochemistry. Mouse embryonic fibroblast were obtained
from mice foetuses, treated with 10 µg/ml Mitomycin C and cryopreserved. Mitomycin
C treated cells were plated onto 0.1% gelatine coated wells at a density of 2.5x103
cells/cm2. Antigens were visualized by immunofluorescence. The primary antibodies
used were anti-CytC and anti-laminin. Experiments were performed in triplicate. Cells
were evaluated in five different fields for each well.
Exposure system. A SANYO DL3149-055A diode laser (on a probe designed and
built by RGM, Genoa Italy) was used for irradiation. The technical characteristics of
this light source were as follows: wavelength (λ) = 670+10 nm; power = 3mW (peak).
The following emission mode was used: Square Wave Pulsed at 100 Hz Duty Cycle
1, PM 0.0300mV, ET 0.4500mJ. The exposure time, controlled by a microprocessor,
was 20 sec once a day, or 20 sec once a day for three consecutive days. Cells were
fixed immediately after the last irradiation.
Statistical analysis. Descriptive statistics are expressed as mean+SEM. One-way
ANOVA and post-hoc Tukey’s Multiple Comparison Test were used to compare experimental groups.

Results
Cytochrome C, 12.3 kDa nuclear DNA encoded protein is involved in controlling
cellular electron transport, energy metabolism and apoptosis. As a part of the mitochondrial electron transport chain, cytochrome C has a very well defined function
in transfer of electrons between cytochrome C oxidase and cytochrome oxidase. As
component of the complex controlling caspase-3, once cytochrome C is released
from the mitochondria the cell is committed to die (Liesa et al., 2009). Fig 1 illu-
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Fig. 2. A. Actin distribution in fibroblast. B,C. membrane-binding actin in lamellopodia also visualized in 3D
by image analysis. C. Effect of red light laser exposure on membrane-binding actin optical density.

strates the distribution of mitochondrial net, as visualized by immunocytochemistry
for cytochrome C (panel A) and after deconvolution software procedure (panel B),
showing the typical filamentous and fused mitochondrial network. Exposure to pulsed
red light laser performed for three, consecutive days increases mitochondria staining
for cytochrome C, which remains segregated in mitochondria under this conditions.
This could be part of the protective role of red light on mitochondria during oxidative
stress, as described by measuring membrane potential (Giuliani et al., 2009). In fact,
under survival conditions, the mitochondrial membranes present a barrier to contain
proapoptotic contents such as cytochrome C.
One emerging and poorly defined area of research in cell survival pathways is
the role of the actin cytoskeleton in mitochondrial-dependent cell survival. The actin
cytoskeleton is required for short-distance mitochondrial movements and for immobilization of the organelle at the cell cortex, such as for cell movement (Boldogh and
Pon, 2006). We then investigated the actin protein distribution in red light-exposed and
un-exposed fibroblasts, focusing on membrane-binding actin in lamellopodia, which
represent the mobile part of these cells. Actin is visualized by immunocytochemistry
(Fig. 2A); the membrane-binding actin in lamellopodia (Fig. 2B) is visualized in 3D by
image analysis (Fig. 2C) and the optical density is measured by computerized image
analysis. Red-light exposure reduces membrane-bound actin immunostaining. When
in culture, fibroblasts acquire different morphologies (Fig 3A), ranging from large
body with poor elongations to small body with long elongations. We then analyzed
the effect of red light exposure on fibroblast shape using morphometry (Langevin et
al, 2005). The area of the body (yellow line, Fig. 3B, C) and the field reached by
the elongations (grey line are area) was measured and the body/field ratio (b/f) was
calculated. As illustrated in Fig. 3, large cells with poor elongation have a higher
ratio than cells with small body and long elongations. Red light exposure decreases
b/f, this inducing a more dynamic morphology.
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Fig. 3. A. micrograph showing fibroblasts different morphologies in culture. B,C. sampling procedure to evaluate the cell shape: The yellow line surrounds the body area, whereas the grey line and area delimitates
the field reached by the elongations. Exposure to red light decreases the mean body/field ratio

Conclusions
These data support the view that pulsed red light administered through a very
low-level laser device affects mitochondria stability, actin distribution, and cell shape
in cultured fibroblast.
References
1.
2.
3.
4.

5.
6.
7.
8.
9.

BARATTO L, CALZÀ L, CAPRA R, GALLAMINI M, GIARDINO L, GIULIANI A,
LORENZINI L, TRAVERSO S. Ultra-low-level laser therapy, Lasers in Medical Sciences,
2010, in press
BOLDOGH IR, PON LA. Interactions of mitochondria with the actin cytoskeleton. Biochim
Biophys Acta. 1763:450-62, 2006
GIULIANI A, FERNANDEZ M, FARINELLI M, BARATTO L, CAPRA R, ROVETTA
G, MONTEFORTE P, GIARDINO L, CALZÀ L. Very low level laser therapy attenuates
edema and pain in experimental models. Int. J. Tissue React XXVI (1/2):29–37, 2004
GIULIANI A, LORENZINI L, GALLAMINI M, MASSELLA A, GIARDINO L, CALZA
L. Low infra red laser light irradiation on cultured neural cells: effects on mitochondria
and cell viability after oxidative stress. BMC Complementary and Alternative Medicine
9:8-18, 2009.
KARU T. Mitochondrial signaling in mammalian cells activated by red and near-IR radiation. Photochemistry and Photobiology 84:1091-1099, 2008.
KARU T. Mitochondrial mechanisms of photobiomodulation in context of new data about
multiple roles of ATP. Photomed Laser Surg, 28:159-60, 2010
LANGEVIN HM, BOUFFARD NA, BADGER GJ, IATRIDIS JC, HOWE AK. Dynamic
fibroblast cytoskeletal response to subcutaneous tissue stretch ex vivo and in vivo. Am J
Physiol Cell Physiol. 288:C747-56, 2005
LIESA M, PALACIN M, ZORZANO A, Mitochondial dynamics in mammalian health and
disease. Physiol Rev, 89:799-845, 2009.
LORENZINI L, GIULIANI A, GIARDINO L, CALZÀ L. Laser acupuncture for acute
inflammatory, visceral and neuropathic pain relief: An experimental study in the laboratory
rat. Res Vet Sci 88:159-165, 2010.

ScienceMED, vol. 1/2010, pp. 23-26, Bologna

Low intensity laser irradiation stimulates healing in
stressed models
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Summary
Wound healing in diabetic patients remains a complicated problem and there is
a compelling need for the development of new, safe, reliable therapies. This study
looked at the effect of low intensity laser irradiation (LILI) on diabetic wound healing
in vitro. Induced diabetic wounded and hypoxic human fibroblast cells were irradiated
at 636 nm with 5 J/cm2. Post-irradiation stressed cells showed increased viability and
proliferation and a decrease in apoptosis and pro-inflammatory cytokines (IL-1β and
TNF-α). The models used are sufficient to produce measurable effects as compared
to normal cells. LILI positively effects wound healing in stressed models, normalises
cellular function, and directs cells into cell survival pathways.

Introduction
Normal wound healing requires both destructive and reparative processes in controlled
balance aimed at reversing the loss of structural integrity. Wound healing involves a
complex sequences of events divided into overlapping phases. Proteases and growth
factors play an important role in regulating this balance, and if disrupted in favour
of degradation then delayed healing ensues. Wounds that do not heal within three
months are often termed chronic and this state can persist for years causing patients
emotional and physical stress as well as creating a financial burden.
Diabetes is a metabolic disorder that results in increased concentrations of glucose
in the blood, which in turn damage many of the body’s systems, in particular the
blood vessels (angiopathy) and nerves (neuropathy). Due to a sensory loss, patients
often do not notice small wounds on the legs and feet and may suffer repeated injury.
Further damage to the blood vessels prevents adequate wound healing, and thus a
chronic wound develops. A further complication is bacterial infection. Such wounds
often necessitate amputation. LILI has been shown to be beneficial as a treatment
modality in treating diabetic wounds both in vitro and in vivo.
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Table 1. Study design (n=4).

Materials and methods
Human skin fibroblast cells (WS1, ATCC CRL1502) were grown according to
standard culture techniques. A diabetic model was achieved by continuously growing cells in minimal essential media (MEM, supplemented with 2 mM L-glutamine,
1.0 mM sodium-pyruvate, 0.1 mM nonessential amino acids, 1% V/V PenicillinStreptomycin-Fungizone and 10% V/V Fetal Bovine Serum) containing an additional
17 mMol/L glucose.1,2 For laser experiments, 6x105 cells were seeded and a wound
was simulated whereby the monolayer of cells was scratched using a sterile pipette.
Diabetic wounds are often susceptible to hypoxia. For hypoxic cultures, 6x105 cells
were grown in complete MEM without serum for 24 h3 and cultured in an anaerobic
atmosphere for 4 h.4 Incubation with the gas pack results in 0% O2 and 20% CO2
within 2 h.5 Cells were irradiated from above, in the dark using a 636 nm diode laser
with a fluence of 5 J/cm2 (spot size 9.1 cm2, 95 mW, 10.5 mW/cm2, 7 min 56 s).
Unirradiated cells were used as controls. Post-irradiation, cells were incubated for 1
h. The study design is summarized in Table 1.

Results
WS1 fibroblasts were irradiated at 636 nm with a fluence of 5 J/cm2. Cellular
viability (Trypan blue staining), proliferation (XTT), apoptosis (Caspase 3/7), (Table
2) and cytokine expression (IL-6; IL-1β and TNF-α) (Table 3) was determined 1 h
post irradiation. Results are shown as percentage change in non-irradiated (0 J/cm2)
and irradiated wounded (W), diabetic wounded (DW) and hypoxic (H) fibroblasts
compared to non-irradiated and irradiated normal, unstressed fibroblasts respectively.
Statistical differences between normal fibroblasts and stressed models are shown
(P-value). Statistical differences between non-irradiated stressed cells and irradiated
stressed cells are shown as P<0.05 (*), P<0.01 (*) and P<0.001 (***).
Irradiated cells showed a significant increase in viability and proliferation and
a decrease in apoptosis and pro-inflammatory cytokine expression as compared to
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Table 2. Percentage change in cellular viability (Trypan blue staining, TB), proliferation (XTT) and apoptosis (Caspase 3/7) in non-irradiated and irradiated wounded (W), diabetic wounded (DW), and hypoxic (H)
fibroblast cells.

Table 3. Percentage change of cytokine expression in non-irradiated (0 J/cm2) and irradiated (636 nm, 5 J/
cm2) wounded (W), diabetic wounded (DW) and hypoxic (H) fibroblast cells as compared to non-irradiated
and irradiated unstressed, normal fibroblasts respectively.
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non-irradiated cells. As compared to normal, unstressed cells, hypoxic cells showed
the most damage, with a decrease in viability and proliferation, and an increase in
apoptosis and pro-inflammatory cytokine expression. Wounded and diabetic wounded
cells also showed significant differences compared to normal cells.

Conclusion
Stressed models showed significant differences compared to unstressed, normal
fibroblast cells. Hypoxic cultures showed more damage compared to unstressed, normal
cells and wounded and diabetic wounded cells, with significant decreases in viability,
proliferation and IL-6 and significant increases in apoptosis and pro-inflammatory
cytokines, IL-1β and TNF-α. Post-irradiation, cells showed a recovery, with an increase in viability and proliferation and a decrease in pro-inflammatory cytokines and
apoptosis. The models used are sufficient to produce measurable effects as compared
to normal cells. LILI positively effects wound healing in stressed models, normalises
cellular function, and directs cells into cell survival pathways.6
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Summary
Myofascial pain (MF) from temporomandibular disorders (TMD) presents a significant impact on quality of life of patients. The elapsed time of suffering associated
with the phenomena of sensitization of central and peripheral nervous system justify
treating this pain as a disease itself. The aim of this report is to present the effectiveness of low intensity laser therapy (LILT) in pain control of 118 patients having TMD.
LILT was performed punctually on masseter and temporal muscles, with continuous
diode laser (830nm, 100mW, 140J/cm2, 6 points, 4J/point). Visual analogue scale
(VAS) was used for pain assessment before and immediately after laser irradiation.
The results showed a significant reduction of pain after laser treatment (p <0.001).
111 patients showed a decrease in pain immediately after LLLT, while 6 showed no
change in grade. Only 1 patient showed an increase in pain. LLLT with parameters
used in this study could reduce pain in a rapid and efficient manner in patients with
MF from TMD.

Introduction
Temporomandibular disorders (TMD) are a set of clinical conditions with signs
and symptoms in masticatory muscles, temporomandibular joint (TMJ) and associated
structures1. Patients suffering from TMD usually present pain, limited or asymmetric
mandibular motion and TMJ sounds associated with symptoms like ear pain and stuffiness, tinnitus, dizziness, neck pain and headache. The cause is considered multifactorial,
with biological, behavioral, environmental, social, emotional and cognitive factors,
alone or in combination, contributing to the emergence of signs and symptoms 2,3.
Some patients with chronic temporomandibular disorders can develop persistent
pain symptoms. Conditions involving chronic orofacial pain represent a major health
problem and patients with persistent pain are difficult to manage successfully4. These
conditions are often comorbid with additional health issues such as sleep disturban©2010 by MEDIMOND s.r.l.
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Figure 1

ces, cardiovascular, gastrointestinal and reproductive system complaints, weight loss
or gain, swelling, numbness, sweating and flushing, and concerns regarding loss of
libido, drive, attention, and memory5,6.
Clinical protocol treatment for myofascial pain from TMD varies according to the
level damage of the muscles and TMJ structures, clinical symptoms and duration of
the problem. Also, once the causes of TMDs have been attributed to many factors,
the management of pain is based on a role of different therapies2.
Low intensity laser therapy (LILT) has been demonstrated to be effective in pain
relief from several musculoskeletal conditions such as TMD and orofacial pain7,8,9,10.
The greatest advantage of laser irradiation for TMD management is its noninvasive,
no side effects and low cost characteristics. Thus, the present work aims to show
LILT benefits on management of orofacial pain from TMD patients.

Material and methods
The Sample: 118 patients (93 women, 25 men) were treated at the Ambulatory of
Orofacial Pain, Sao Bernardo do Campo, Brazil, from 2008 to 2010. They were diagnosed with TMD by Research Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD). Myofascial pain was the main complaint in 108 patients of the cases.
Patients with tooth pain, infections, neoplasias suspection or steroids users were not
included in this casuistry.
Clinical Evaluation: Clinical examination was performed according to RDC/TMD.
For diagnosis and classification of patients suffering from myofascial pain, the RDC/
TMD palpation technique requires applying a calibrated force in 1 Kgf of pressure
in each point of the muscle and then questioning the patient about pain or pressure11.
At the first session, all patients were treated exclusively with LILT. Visual Analogue
Scale (VAS) was used to measure pain. The patients were requested to grade their pain
intensity through palpation, before and immediately after laser application using VAS.
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LILT treatment was continued in further sessions associated with other techniques like
thermotherapy, exercises, cognitive behavioral therapy, but not longer evaluated.
Laser Treatment: For laser irradiation, a semiconductor diode laser (Thera Lase,
DMC Equipamentos LTDA, Sao Carlos, Brazil) with spot size of 0.028cm2 and continuous wave was used with the following parameters: 100mW, 4 J/point, 140J/cm2, and
exposure time of 140 s/point. LILT were performed punctually and in contact mode
with the patient’s skin, directly at the point of strongest pain (the trigger point) and
also in the upper, medium, and lower thirds of the masseter muscle and the temporal
muscle, in a total of 6 points of application.
Statistical Analyses: to analyze the results of VAS was applied nonparametric
Wilcoxon test (SPSS software version 15.0 for Windows).

Results
118 patients from 15 to 74 years old, seeking TMD treatment from 2008 to 2010
were included in this casuistry. Of the 108 patients who presented myofascial pain as
main complaint, 88(81.3%) were women and 20 (18.7%) were men, with women:men
ratio at 4.4:1(Figure 1). There was a significant difference in pain scores before
(6±2.2) and after (2.2±1.5) laser irradiation (p <0.001) (Table1, Fig. 2). On average,
a reduction of 3,8 (±2.0) was observed. Of the 108 patients studied, 1 (0.9%) showed
an increase in pain, 4 (3.7 %) showed no change in grade and 103 (95.4%) showed
a decrease in pain indicating the immediately effect of LILT in pain relief.

Discussion
The prevalence, severity, and duration of TMD pain are greater in women than
in men, and TMD pain primarily affects women during their reproductive years.
Some studies suggest that the affective component of pain in women with TMD may
be enhanced during the low estrogen phase of the menstrual cycle12,13. This can be
correlated whit the prevalence of women affected by TMD showed in this casuistry
which we find a female: male ratio of 4,4:1 (81,3% women, 18,7% men).
The evaluation of pain is a subjective and complex procedure that involves many
concepts and methods, requiring the assessment of biological, structural and functional,
as well as emotional, cognitive and behavioral aspects of the painful experience. Some
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Figure 2

recent publications on TMD recommend the evaluation of pain in the masticatory
muscles and TMJ through digital palpation and subjective report 14.
In this study, VAS was used to analyze pain relief immediately after LLLT irradiation on patients with myofascial pain and the results showed an average of 3.8
score points.
MP presented in TMD is characterized by the presence of one or more hypersensitive sites in the involved muscles referred to as myofascial trigger points15
and its current management usually approaches noninvasive treatments like reassurance, rest, application of heat to the sides of face, medicine physical, medications,
jaw appliances, behavioral approaches and others 2.
In this present study LILT was used as a noninvasive and low cost treatment for a
public health center. The results showed that 95,4% of the patients had significantly
pain reduction after LLLT, confirming its effectiveness and supported rapid analgesic
effects.
LILT has been used to control pain in different musculoskeletal conditions16 However, laser mechanisms of action are not totally clarified. Literature suggests that
LILT can increase oxygen supply to hypoxic cells in trigger point areas by regulating microcirculation, reduce the expression of COX-217,18, reduce the expression of
cytokines like TNF-α and IL-ß, stimulates the lymphatic system to promote faster
drainage algic substances and cells of the lesion site, and modulate the release of
neurotransmitters such as serotonin and acetylcholine which are known to play important roles in pain attenuation19,20.
With regard to clinical trials about LLLT effects (success or failure) in MF and
TMD pain treatment, either no significant21,22,23, as well as significant results in pain
reduction are reported8,9,10. LLLT effectiveness depends on the correct choice and
manner of application. The protocol used in this study (100mW, 4 J/point, 140J/cm2,
140 s/point) was proposed to reach an analgesic effect and according to results, it
appears to be an effective approach for this goal.
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Conclusion
Low-level laser therapy (830 nm) was effective in management of TMD symptoms
reducing the prevalence of pain perception immediately after irradiation. Based on the
non-invasive aspect of this treatment modality, LILL application can be an effective
mode of management of pain in TMD, as well as the effect of its interaction with other
treatment modalities. It is suggested that studies in this area should continue to define
energy doses, fluencies and wavelengths. LILT showed to be efficient, noninvasive and low
cost treatment to manage MPS present in TMD patients from public health center.
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