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Physical grounds for
understanding the
interaction between
electromagnetic fields
and biological objects:
results, bias and
decision making.

A. Conti

ASAcampus Joint Laboratory,

Department of Clinical Physiopathology, University of Florence, Florence, Italy

1) INTRODUCTION

Our first contribution [1] was aimed at
giving the basis to understand and discuss
the interactions of electromagnetic fields
with biological materials.

We focused on disturbance or perturbation,
on error and inaccuracy of measurements.
We concluded that some inaccuracies
cannot be eliminated. We recalled both
the deterministic and probabilistic physics
concepts, stressing the fact that if we
want to understand well the interactions
between electromagnetic fields and live
matter, we have to use at least molecular
biology means, and therefore remember
that we enter the quantum physics realm.
We stressed the concept of field in physics.
We tried to make clear that the best way
is to think about a property given to each
point in space. But furthermore it remains
to be understood that the electromagnetic
field is not a static entity in space or time,
but is something that propagates in space.

The final sentence was that “we are
now ready to face all the issues to
better understand the several possible
mechanisms that explain the magnetic
field interaction with biological matter,
and its positive effects mainly on the
human body".

When | approached the second part of
my endeavour, | had a second thought.
| pondered that | would not be able, as |
promised, to face all the mechanisms that
explain the magnetic field interactions
with the living matter, if | did not take
into account that all the results of our
measurements, already affected by
perturbation and inaccuracy, have to
undergo a second step, namely the step
of “reading” and "decision making".

My first contribution was mainly concerned
with the physical, mainly unavoidable
measurement limitations. This second
contribution will be concerned with 'bias’
and decision making.

i) BIAS AND DECISION MAKING

a) BIAS

The idea of ‘measurement bias’ evokes the
idea of ‘malpractice’. We tend to identify
the measurement bias with a human error,
where the scientist, or simply the person
who does the measurement, introduces
into the measurement a ‘subjective
contribution’, which in some sense alters
the ‘objective result’ of the measurement
itself.

It is quite interesting to notice that the
Working Group 1 of the Joint Committee
for Guides in Metrology (JCGM/WG 1) in
its ‘Guide to the expression of uncertainty
in measurement’ [2], a very technical
manual, among the 'many possible sources
of uncertainty in a measurement'’ cites ten
possible sources (see appendix), including
' d) inadequate knowledge of the effects
of environmental conditions on the
measurement or imperfect measurement
of environmental conditions;'.

And furthermore the tenth source is
j) variations in repeated observations of
the measurand under apparently identical
conditions', which applies very well to the
measurement of an effect on biological
materials.

And finally the statement that all the
ten listed ‘sources are not necessarily
independent, and some of the first nine
sources may contribute to the tenth
source'.

Which can be the first conclusion after
all our focus in the first contribution
[1] on perturbation and inaccuracy of
measurements, on deterministic and
probabilistic physics concepts ? The first
conclusion is the ‘human reader factor'
plays a very important role. And this fact
should not be underestimated: when
we think that we have automatized
and computerized all the process, using
all possible interfaces to avoid human
intervention, the human touch is still
there, in the design and realization of the
interfaces.
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b) DECISION MAKING

We are interested in the measurement of
the interaction between

electromagnetic fields and biological
objects. Therefore our decision is in fact
a 'biological' decision, or even better a
‘medical’ decision.

When people think of medical decisions,
especially in the field of diagnosis,
our main idea is that medical decision
making is a combination of virtuosoship,
statistics, experimentalism and evidence
based practice [3]. In a sense all these
elements, and not only the element
‘experimentalism’, are relevant for the
determination of the ‘goodness’ of the
experimental results.

The combination of these subjective and
objective elements, recently proposed and
discussed in a paper of our group, may
certainly vary in quantity and quality, but
the basic ingredients of this recipe may be
considered constant and consistent.
Virtuosoship, or the artistic ingredient of
medical decision making, is the oldest one.
In the remote past scientific evidence was
not available and the creative-technical
dimension of the medical profession was
the dominant one. We refer to the term
“technical” since the western medical
tradition beginning with Hippocrates (V-IV
centuries B.C.) started, through intuition
and observation, to mix theoretical cultural
information with practical medical activity,
and this combination of knowledge and
art ("tchne" in Greek) was appreciated
by patients. At that time physicians were
highly considered and reputed even if a
really scientific background for their daily
practice was absent and their therapeutic
armamentarium was extremely limited.
Betweentheeighteenthandthe nineteenth
centuries the statistical component
started to be relevant in the practice of
medicine. The study of probability, the
Bayesian approach (Thomas Bayes, 1702-
1761) and the development of statistical
methods (Francis Galton, 1822-1911,

and Karl Pearson, 1857-1936, may be
mentioned for their work in this field)
made the ever relevant observational
abilities more structured and systematic.
The quantitative definition of biological
and human phenomena provided a
numerical basis for the epidemiological
consideration of facts and events in the
nineteenth century; yet, the authority of
ancient physicians and theories remained
highly significant.

In the eighteen hundreds another great
component of the current recipe of
medical decision making, the experimental
approach, emerged. In particular, it should
be mentioned in this methodological
context the contribution, in the second
half of the nineteenth century, of scientists
such as Claude Bernard (1813-1878) to
the so-called “experimental reasoning”.
This  French physiologist aimed at
understandingand explainingthefunctions
of human bodies and the laws regulating
them. The subsequent development of
physiology, and pathophysiology too,
between the nineteenth and the twentieth
centuries, led to the full identification of
a "deterministic experimental approach”
[3] still constituting a major component
in the current combination of decision
making in health care.

Last but not least, the “evidence based”
approach is here discussed. This is the
youngest element proposed, if and
when the definition of “Evidence Based
Medicine” elaborated by David Sackett
is followed. However, Sackett himself
acknowledges the role of Pierre Louis
(1787-1872), a nineteenth  century
physician, in trying to integrate the
semeiotic approach and the numerical
method in the investigation of human
biology and clinics. The harmonization of
the statistical-epidemiological approach, of
the clinical method and of the values and
preferences of patients is considered today
the characteristic profile of Evidence Based
Medicine, a major element in modern
medical decision making processes.

Currently  the so-called “Narrative
Medicine" approach further integrates the
here proposed ingredients of the recipe
of medical decision making, interestingly
and correctly retrieving artistic-relational
components in the scientific framework
typical of the medicine of the third
millennium.

Even more enlightening is the comparison
between a so called subjective choice
and an objective choice. We summarize
here the results and considerations
obtained in a second paper of our group,
namely the one on decision making
processes in sports and in medicine [4].
Intriguingly decision making processes
in sports and in medicine may be
recognized as containing common
elements. As underlined in another
section of this paper, in medicine both
objective and subjective factors always
operate in decision making. In sports, in
turn, objective and subjective elements
within rules determine referee verdicts.
In sports, objective features concern
those situations in which external factors
allow no margin of doubt regarding
the decision itself on the part of the
referee, while subjective features involve
personal evaluations resulting from
subjective interpretations. With regard
to the sports arena, modifications in
refereeing processes have occurred over
the years; in clinical medicine too there
appears to be a continually changing
situation due to the need for continuous
adaptation to the varying principles,
attitudes and expectations of human
beings. Physicians are, like referees,
called upon to make decisions, in their
case regarding patients in conditions
of different degrees of certainty and in
various operational contexts. In the light
of these methodological considerations,
it appears really important to foresee and
elaborate mechanisms of improvement
in the two fields of sports and medicine;
this appears even more relevant if the
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extremely complex nature of “refereeing”
itself is evaluated.

Why are these examples relevant in
the context of the interaction between
electromagnetic fields and biological
objects ?

As already explained, both medical
decision making as well as game refereeing
imply a subjective and an objective part.
And the same is true when a scientist
(the person who does a measurement)
has to take a decision concerning a
single measurement. Is this measurement
relevant for the problem | would like to
solve? Does it represent an objective
measurement, or does it imply an amount
of subjectivity, that is unacceptable in
this kind of measurement? In a certain
way one goes back through the ten
possible sources evoked, among the
many possible sources of uncertainty in
a measurement’, by the Joint Committee
for Guides in Metrology (2, appendix).

1lI) CONCLUSION

We do not want to leave the reader in a
state of complete indetermination. Scope
of the paper is not to follow the Greek
pre Socratic philosopher Parmenides,
for whom in the end nothing changed,
and so it was very difficult to make any
statement.

On the contrary, we would like to stress
the fact that measurements have to be
done in order to assess the interaction
between electromagnetic fields and
biological objects. But the care in the
judging of any measurement is never
too important. The scientist should not
remain paralyzed, because he would
never be able to present any result.

He must always assess his results with the
greatest possible care, beginning with the
design of his experiment up to the final
results and to the deductions drawn from
the experiment itself.
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APPENDIX

The ten possible sources evoked, among
the many possible sources of uncertainty
in a measurement, include:

a) incomplete  definition  of  the
measurand;

b) imperfect realization of the definition
of the measurand:;

¢) nonrepresentative sampling — the
sample measured may not represent the
defined measurand;

d) inadequate knowledge of the effects
of environmental conditions on the
measurement or imperfect measurement
of environmental conditions;

e) personal bias in reading analogue
instruments;

f) finite instrument resolution or
discrimination threshold;
g) inexact values of measurement

standards and reference materials;

h) inexact values of constants and other
parameters obtained from external sources
and used in the data-reduction algorithm;
i) approximations and assumptions
incorporated in the measurement method
and procedure;

j) variations in repeated observations of
the measurand under apparently identical
conditions.

These sources are not necessarily
independent, and some of sources a) to i)
may contribute to source j). Of course, an
unrecognized systematic effect cannot be
taken into account in the evaluation of the
uncertainty of the result of a measurement
but contributes to its error. [2]
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Department of Bioscience, Federal University of Sao Paulo (UNIFESP), Santos, SP, Brazil.

ABSTRACT

Since 1960, low level laser therapy
(LLLT) has been used to stimulate a
series of biologic tissues. Some authors
have showed, trough experimental and
clinics studies, the biostimulatory effects
of LLLT on bone both in vivo and in
vitro. Although the effects of LLLT have
been demonstrated in many studies, the
regulatory mechanisms of laser on tissues
are poorly understood. Also, it has been
postulated that there is an existence of
a curve dose-response which means that
the use of the appropriate parameters is
effective on promoting an acceleration
of bone healing. Then, the aim of this
study was to show the state of the art
with about the osteogenic effects of LLLT
on bone cells and fracture consolidation.
It was made a review in the databases
including MEDLINE, EMBASE, Pubmed
and Cochrane and the articles that met
the inclusion criteria stated below were
selected: papers published until December
2010 including the words “LLLT and bone
and fracture”, in the title, abstract, or
keywords. In all studies, a fracture in tibiae
or femur was induced and this injury was
irradiated with LLLT. It was observed a
wide variety of the parameters of LLLT
used in the studies analyzed. Authors
used different kinds of laser and different
wave lengths, power, doses and time of
application. Results obtained showed
that LLLT can stimulate osteoblastic
proliferation and can accelerate the
consolidation of bone fracture. Although,
a lot of studies state that LLLT contributes
to accelerate the consolidation of bone
fracture, further studies are necessary
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to investigate the effects of LLLT on
bone tissue and to determine the best
parameters to use.

INTRODUCTION

Laser is an acronym for “Light
Amplification by stimulated Emission
of Radiation” [1]. The first laser was
demonstrated in 1960 and since then,
it has been used for surgery, diagnostics
and therapeutic medical applications.
It is an electromagnetic energy and its
physiological effects occur at the cellular
level, stimulating or inhibiting biochemical
and physiological proliferation activities
by altering intercellular communication
[2]. The action of LLLT is based on the
absorption of the light by tissues, which
will generate a series of modifications
in cell metabolism. When the LLLT is
applied to tissue, the light is absorbed by
photoreceptors located in the cells, called
chomophores. Once absorbed, the light
can modulate cell chemical reactions and
stimulate mitochondrial respiration, the
production of molecular oxygen and ATP
synthesis [3]. These effects can increase
the synthesis of DNA, RNA and cell-
cycle regulatory proteins, stimulating cell
proliferation [4-6].

A significant body of evidence has now
accumulated demonstrating that low
level laser therapy (LLLT) is effective
in reducing post-injury inflammatory
processes, accelerating soft tissue healing
and stimulating the formation of new
blood vessels [4,5].

Since the decade of 70, some authors
investigated the osteogenic potential

of low level laser therapy (LLLT) and its
use on healing of different connective
tissues, including bone [7]. In 1971, a
short report by Chekurov stated that
laser was an effective modality in bone
healing  acceleration.  Subsequently,
other researchers studied the effects
of LLLT osteoblast cell proliferation
and bone healing after laser irradiation
using histological, histochemical and
radiographic measures [6, 8-10].

Many in vitro studies using osteoblastic
cells showed that LLLT is capable of
increasing mitochondrial activity [11,12],
osteoblast DNA and RNA synthesis,
bone nodule formation, osteocalcin
and osteopontin gene expression and
ALP  activity, increasing osteoblast
proliferation [13]. Ozawa et al (1998)
[14] found a significant increase in the
DNA synthesis in osteoblast cells after
830 nm laser irradiation. In a study
investigating the effects of different
dosages and wavelengths on osteoblast
cells, our group observed that there was
an increase in osteoblast proliferation and
phosphatase activity after the irradiation
of 830nm laser [6]. Kiyosaki et al (2010)
[15] examined the effects of LLLT on
osteoblasts via insulinike growth factor
| (IGFH) signal transduction. The authors
observed that laser therapy significantly
increased the expression of IGF-I, Runx2
and calcium content in the mineralized
nodules. Also, Aleksic et al (2010) [16]
observed that low-level Er:YAG laser
irradiation produced a significantly higher
proliferation in laser-irradiated MC3T3-E1
cells at a fluence of 1 J/cm2, through the
phosphorylation of extracellular signal-
regulated protein kinase (MAPK/ERK).
Pires-Oliveira et al (2008) [17] observed
that 830nm gallium-aluminium-arsenide
diode laser (50 mW, 3 J/cm2) produced
an intense grouping of mitochondria
in the perinuclear region in osteoblasts
cells, which culminated on the increase
of cell proliferation. Xu et al (2009)
[18] demonstrated that laser irradiation
of 114 J/cm2, produced an increase
of osteoblasts, stimulated alkaline
phosphatase activity and indirectly
inhibit osteoclast differentiation, by
downregulating the RANKL:OPG mRNA
ratio in osteoblasts. These authors suggest
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that lasertherapy may play an important
role in bone remodeling and should
be valuable for the treatment of bone
diseases such as osteoporosis. Stein et al
(2008) [13] investigated the initial effect
of low-level laser therapy on growth and
differentiation of human osteoblast-like
cells. SaOS-2 cells were irradiated with
670 nm laser. Over the observation
period, cell viability, alkaline phosphatase
activity and the expression of osteopontin
and collagen type | mRNA were slightly
enhanced in the irradiated cells compared
with untreated control cells. Simizu et al
(2007) [19] observed that osteoblast-like
cells irradiated with a low-intensity Ga-
Al-As laser (830 nm) presented a higher
concentration of rIGF-I and area of bone
nodules.

Also, many authors demonstrated that
LLLT stimulates neoangiogenes at the
site of fracture, increase collagen fiber
deposition and promote higher bone cell
proliferation, accelerating callus formation
and fracture healing. Tajali et al (2010)
[2] in a meta-analysis, stated that several
studies in the literature indicates that LLLT
can enhance biomechanical properties of
bone during fracture healing in animal
models.

However, LLLT needs better
parameterization of variables to obtain
the most appropriate stimulus, because
many of the actual effects and limitations
are not yet entirely clear and there is
much controversy about its mechanism
of action on tissues [6]. Moreover, many
studies have produced no scientific
validity for the low reliability of data
because of methodological problems
[20, 21]. However, excellent studies open
this field, which in future will lead the
individual with bone injuries to a faster
return to their normal functions [22],
avoiding the consequences of a prolonged
immobilization, such as muscle mass loss
and decrease in bone mineral density.

METHODS

A systematic search of four electronic
databases including MEDLINE, EMBASE,
Pubmed and Cochrane was performed
and all the articles that met the inclusion
criteria stated below were selected: papers

published until December 2010 including
the words "LLLT and bone and fracture”, in
the title, abstract, or keywords. Thus, ten
studies were obtained, ranging between
the years 2003 to 2010. In all studies, the
authors produced bone defects in rats or
rabbits and this injury was irradiated with
LLLT.

LLLT IN OSTEOGENESIS

Several authors have demonstrated in
experimental studies an acceleration of
bone repair by the use of LLLT [23-25].
Mester et al. (1985) [26], suggest that
the metabolic pathways are responsible
for this healing effect, mainly due to
the increased bioavailability of chemical
energy (ATP) in cells.

Garavello-Freitas et al (2003) [23]
examined the influence of daily energy
doses of 0.03, 0.3 and 0.9 J of He-Ne
laser irradiation on the repair of surgically
produced tibia damage in Wistar rats.
Laser treatment was initiated 24 h
after the trauma and continued daily
for 7 or 14 days. After 7 days, there
was a significant increase in the area of
neoformed trabeculae in tibiae irradiated
with 0.3 and 0.9 J compared to the
controls. At a daily dose of 0.9 J (15 min
of irradiation per day) the 7-day group
showed a significant increase in trabecular
bone growth compared to the 14-day
group. The Picrosirius-polarization method
revealed bands of parallel collagen fibers
(parallel-fibered bone) at the repair site
of 14-day-irradiated tibiae, regardless of
the dose. This organization improved
when compared to 7-day-irradiated tibiae
and control tibiae. These results show
that low-level laser therapy stimulated
the growth of the trabecular area and
the concomitant invasion of osteoclasts
during the first week, and hastened the
organization of matrix collagen (parallel
alignment of the fibers) in a second phase
not seen in control, non-irradiated tibiae
at the same period.

Pretel et al (2007) [8] evaluated bone
repair in defects created in rat lower
jaws after stimulation with infrared
LLLT directly on the injured tissue. Bone
defects were prepared on the mandibles
of 30 rats allocated in two groups which

were divided in three evaluation periods
(15, 45, and 60 days), with five animals
each: control group-no treatment of the
defect; laser group-single laser irradiation
with a GaAlAs (780nm, 35 mW, 178
J/cm?) directly on the defect area.
The histological results showed bone
formation in both groups. However, the
laser group exhibited an advanced tissue
response compared to the control group,
abbreviating the initial inflammatory
reaction and promoting rapid new bone
matrix formation at 15 and 45 days. On
the other hand, there were no significant
differences between the groups at 60
days. The use of infrared LLLT directly to
the injured tissue showed a biostimulating
effect on bone remodeling by stimulating
the modulation of the initial inflammatory
response and anticipating the resolution to
normal conditions at the earlier periods.
Liu et al (2007) [27] investigated the
biological effects of LLLT on tibial
fractures using radiographic, histological,
and bone density examinations. Fourteen
rabbits with surgically induced mid-tibial
osteotomies were included in the study.
Seven were assigned to a group receiving
LLLT (LLLT-A) and the remaining seven
served as a sham-treated control group
(LLLT-C). A low-energy laser apparatus
with a wavelength of 830 nm, and a sham
laser (a similar design without laser diodes)
were used for the study. Continuous
outflow irradiation with a total energy
density of 40 J/cm? and a power level
of 200 mW/cm? was directly delivered
to the skin for 50 seconds at four points
along the tibial fracture site. Treatment
commenced immediately post-surgery
and continued once daily for 4 weeks.
The results demonstrated that LLLT may
accelerate the process of fracture repair
or cause increases in callus volume and
bone mineral density, especially in the
early stages of absorbing the hematoma
and bone remodeling.

Lirani-Galvao et al (2006) [28] compared
the effects of LLLT and low-intensity
pulsed ultrasound (LIPUS) on bone repair
in rats. One group had the osteotomized
limb treated with LLLT (GaAlAs laser,
780 nm, 30 mW, 112.5 J/cm?) and the
second group with LIPUS (1.5 MHz, 30
mW/cm2, both for 12 sessions (five times

9
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per week); a third group was the control.
In the bending test, maximum load at
failure of LLLT group was significantly
higher. Bone histomorphometry revealed
a significant increase in osteoblast number
and surface, and osteoid volume in the
LLLT group, and a significant increase
in eroded and osteoclast surfaces in the
LIPUS group. LIPUS enhanced bone repair
by promoting bone resorption in the
osteotomy area, while LLLT accelerated
this process through bone formation.
Ribeiro and Matsumoto (2008) [29]
studied the action of anti-COX-2
selective drug (celecoxib) on bone repair
associated with laser therapy (735nm,
16J/cm2). A total of 64 rats underwent
surgical bone defects in their tibias, being
randomly distributed into four groups:
negative control, animals treated with
celecoxib, animals treated with LLLT
and animals treated with celecoxib and
LLLT. The animals were killed after 48 h,
7, 14 and 21 days. Statistical significant
differences were observed in the quality
of bone repair and quantity of formed
bone between groups at 14 days after
surgery for irradiated animals. COX-
2 immunoreactivity was more intense
in bone cells for intermediate periods
evaluated in the laser-exposed groups.
Taken together, such results suggest that
low-level laser therapy is able to improve
bone repair in the tibia of rats as a result
of an up-regulation for cyclooxygenase-2
expression in bone cells.

Blaya et al. (2008) [24] evaluated the
laser biomodulation of bone repair in
cavities made in the femurs of rats. In
Group | the complete surgical protocol
to produce a bone defect was followed
but without laser radiation (control).
In Group Il a continuous wave 830 nm
infrared laser was used at 10 J/cm2 and
50 mW at each point of the surgical site.
In Group Il a continuous wave 685 nm
infrared laser at 10J/cm2 and 35 mW
was used at each point of surgical site.
The animals were irradiated at intervals
of 48 hours beginning immediately after
the preparation of the defect and were
sacrificed on the 15th, 21st, and 30th
days. Greater degrees of new bone
formation and vertical regeneration were
found in the irradiated groups than in the

10

control group. The authors concluded
that laser therapy in this study protocol
was efficient in promoting bone repair.
Javadieh et al (2009) [30] examined the
effects of LLLT on a bone defect model
in streptozotocin-induced diabetic rats.
Twenty-eight rats were divided into five
groups: 1 (diabetes, no LLLT), 2 (diabetes,
LLLT high dose), 3 (diabetes, LLLT low
dose), 4 (no diabetes, no LLLT), and 5
(no diabetes, LLLT low dose). A bone
defect was made in the right tibia of rats
in all groups. The defect in groups 2, 3,
and 5 was treated with LLLT (890 nm,
70 W, 3000 Hz). Doses of 23.3 J/cm2
for group 2 and 11.6 J/cm? for groups 3
and 5 were applied three times a week.
The authors showed that LLLT with 11.6
J/em?2  significantly increased bending
stiffness and maximum force in diabetic
rats compared with group 1.

Our group, in a study investigating
the effects of LLLT during the process
of bone healing, demonstrated that
lasertherapy had a positive effect on
bone consolidation. We used a 830nm
laser, at 50J/cm2, during 7, 13 and 25
days to treat tibial bone defects in rats.
The results pointed out intense new
bone formation surrounded by highly
vascularized connective tissue presenting
a slight osteogenic activity, primary bone
deposition was observed in the group
exposed to laser in the intermediary (13
days) and late stages of repair (25 days).
This was confirmed by morphometric
analysis, in which statistically significant
differences (p<0.05) were noticed when
compared to control. Taken together,
our results indicate that laser therapy
improves bone repair in rats as depicted
by histopathological and morphometric
analysis, mainly at the late stages of
recovery [31a].

Also, Favaro-Pipi et al (2010) [32] showed
that 830nm laser (50 W/cm2, 50 J/
cm2, 30 mW) produced an increase in
the expression of genes related to bone
differentiation. The authors showed that
laser irradiation produced an upregulation
of BMP4, ALP and Runx 2 on day 25
after surgery, stating that laser therapy
improves bone repair in rats as depicted
by differential histopathological and
osteogenic genes expression.

Pires-Oliveira et al (2010) [25]
investigated the action of AsGA laser
irradiation (904nm, 50mW, 50mJ/cm?2)
on bone repair in the tibia of osteopenic
rats. The animals were randomly divided
into eight experimental groups according
to the presence of ovarian hormone
(sham group) or the absence of the
hormone (ovariectomy group), as well as
being irradiated or non-irradiated. Low-
level 904-nm laser accelerated the repair
process of osteopenic fractures, especially
in the initial phase of bone regeneration.
The same results were found by Kazem
Shakouri et al (2010) [22] in a study
showing an increased rate of bone
mineral density and higher biomechanical
properties in rabbits after laser irradiation
(780nm, 4J/cm?2). These authors stated
that the use of laser could enhance callus
development in the early stage of healing
process and it should be recommended
as an additional treatment in non-union
fractures in humans.

It can be concluded that low level laser
therapy acts as a proliferative stimulus
on osteoblast cells and may accelerate
bone metabolism and fracture healing.
However, the mechanism by which LLLT
acts on bone tissue is not fully understood
[6]. Thus, there is a clear clinical need to
understand the molecular details of the
pathways that control bone formation
after laser irradiation, which might allow
to accelerate the healing of fractures and
to treat the 5%-10% of fractures that fail
to heal satisfactorily.

CONCLUSION

Many  studies have demonstrated
the positive effects of LLLT on bone
metabolism, mainly in  producing
an increase in bone formation and
accelerating fracture repair. Although the
osteogenic effects of LLLT, there is no
established protocol and there is a wide
range of doses used by different authors,
which are difficult to compare published
results. Therefore, before LLLT can be used
with confidence as a treatment within the
clinical, it is necessary to investigate the
mechanisms of action of this therapy to
determine its safety and efficacy.
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ABSTRACT

Laser is widely used in many medical fields
and its effects are reported by several
studies in literature. Very important
are the applications in sports medicine,
physical medicine and rehabilitation,
based on the analgesic, anti-inflammatory
and anti-oedema effects of laser therapy,
as well as the stimulating action on tissue
repair processes. In our study, we analyzed
the effects of an advanced laser system,
the Multiwave Locked System (MLS),
on myoblasts in order to evaluate the
effectiveness of this laser in promoting
recovery of damaged muscle tissue. The
MLS device consists of two synchronized
diodes emitting at 808 and 905 nm,
respectively. C2C12 murine myoblasts cell
line was used as experimental model since
it is a widely accepted model in muscle
cells behavior studies.

Viability and proliferation was assessed
after a single treatment as well as after 4
consecutive treatment (1 treatment/day).
No significant changes were observed in
viability, while proliferation decreased
after 4 treatments. Moreover, we found
an increased expression of MyoD, a key
factor in myoblasts maturation. Changes
in cytoskeleton organization, in particular
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the networks of actin microfilaments
and microtubules, were also observed.
Decresed proliferation rate, increased
MyoD  expression and cytoskeleton
rearrangement are  consistent  with
myoblast differentiation.

Finally the expression of molecules
involved in the regulation of extracellular
matrix (ECM) turnover (collagen |,
MMP-2, MMP-9) was analyzed. After 4
treatments, collagen | expression showed
a 14% increase while MMP-2 and MMP-9
decreased of 33% and 18%, respectively.
These results suggest that MLS treatment
could affect ECM turnover shifting the
balance toward the production rather
than to the degradation.

In conclusion, our findings demonstrate
that MLS treatment induces in muscle
cells a biological response that could
favour muscle cell differentiation and
the recovery of diseased muscle tissue.
A deeper knowledge of the mechanisms
underlying the effects described above and
a greater understanding of the changes in
the biological response to variations in
instrumental parameters setting can lead
to concrete improvements in treatment
protocols.

INTRODUCTION

Lasers are widely used in biomedicine.
Sport  medicine,  physiatrics  and
rehabilitation are among the most
important fields of application. Here the
analgesic, antiinflammatory, anti-oedema
and stimulating effects of laser therapy are
used to favour tissue repair and function
recovery.

According to the literature, many factors
can contribute to the stimulating effect.
The moderate vasodilation increases the
supply of nutrients and growth factors. For
example, it has been demonstrated that
low-level laser (LLL) irradiation ( Ga-Al-As
laser) promotes expression of fibroblast
growth factor (FGF) in rat gastrocnemius
muscle recovering from disuse muscle
atrophy [1]. FGF promotes angiogenesis
and lead to fibroblasts activation [2,3]
which determines an increase of collagen
synthesis, essential for tissue repair and
regeneration [4-6]. Neoangiogenesis is
crucial for ensuring oxygen and nutritional
substances to new tissues and has a very
important role in muscle recovery [7,3]
Effects that induce a local increase
of nutrients, promote angiogenesis
and influence the development of
inflammation can strongly affect the
healing process and functional recovery
of the injured tissues.

Another factor widely recognized as
fundamental to the stimulating effect is
the red/infrared (IR) laser-induced increase
in ATP production in mitochondria [7-
9]. After treatment with He-Ne laser,
an increase in membrane potential and
consequent ATP production have been
observed in isolated mitochondria [10].
Moreover, many authors found that red/
IR lasers may promote cell proliferation
[4,11-13].

All these effects are consistent with the
hypothesis that the recovery of injured
tissues can be accelerated through the
application of suitable laser therapy.

Studies on nerve fibers regeneration
[14] showed that reconnection process
of nerve cells is accelerated after laser



Effects of MLS laser system (multiwave locked system) on myoblast cell line (c2¢12)

Energy for Health [07]

treatment, leading to the regeneration of
insensitive areas [15-17]. Other studies
have demonstrated a faster recovery of
wound healing [18] and bone fractures
[19], as well as a marked reduction in
infarct size and myocardial infarct [20].
Many studies report on effects of laser
radiation on muscle homeostasis and
repair mechanisms in this tissue. In a
recent study, using mice as experimental
model, the anterior tibial muscle
previously damaged by a cryolesion has
been exposed to LLLT (GaAlAs Laser, 660
nm). Although a significant reduction
in recovery time was not recorded, an
increase of collagen IV was found in the
treated muscles [21].

Another study on mice demonstrated
that He-Ne laser irradiation (632.8 nm),
associated with physical exercise, reduced
skeletal muscle inflammation, improved
the activity of superoxide dismutase and
diminished the activity of creatine kinase
[22].

Some authors found an increase in
proliferation of muscle satellite cells [1, 23-
25]. These cells, usually quiescent, can be
activated by factors released by cells of the
injured muscle [26-28]. The satellite cells
have the function of creating new fibers
and replacing the necrotic ones [27].

In the frame of studies aimed at
understanding the mechanisms by which
laser therapy can promote the repair and
functional recovery of skeletal muscle,
here we report the results obtained
investigating the effect of IR laser radiation
on myoblasts.

As for any other radiation source, the
main parameters for characterizing laser
emission are: power, frequency and
wavelength. These ones, together with
the features of the irradiated tissues
or samples, strongly affect the way the
radiation propagates into the tissue/
sample and the consequent effects.

In our experiments, we chose as the laser
source a Multiwave Locked System (MLS)

because we hypothesized that this laser
system could be particularly suitable
for the treatment of skeletal muscle. In
fact the system is characterized by two
synchronized emissions with wavelengths
808 and 904, respectively. The two
emissions are absorbed by different
mitochondrial complexes, therefore the
MLS treatment can affect cellular energy
metabolism by acting on multiple sites in
the respiratory chain at the same time.
Radiation with A = 808nm is absorbed by
the cytochrome oxidase (complex IV) which
is considered as a principal photoacceptor
in mammalian cells [29,30]. It is know
that the activation of this mitochondrial
enzyme after absorbing a radiation in red/
near infrared (IR) promotes the production
of ATP [31,32]. The radiation with A= 905
nm interacts with the complexes I, I, I,
IV of the respiratory chain and succinate
dehydrogenase [33].

Considering the emission wavelengths
and tissue type (muscular tissue) optical
properties, it is possible to estimate MLS
radiation which is expected to propagate
within the tissue a penetration depth of
about 10 mm in this kind of tissue; this
means that still about 13% of initial power
reaches a 20 mm depth. Therefore it is
possible to affirm that MLS radiation can
interact with deep-located muscle tissue.
Moreover, since our previous data (not
yet published) demonstrated that MLS
radiation is absorbed by collagen and
polysaccharide biogels, which are models
of extracellular matrix, we hypothesized
that the MLS treatment could also affect
cell behaviour by modification of the
extracellular microenvironment.

MATERIAL AND METHODS

Cell Cultures

Murine myoblasts have been cultured
in Dulbecco's Modified Eagle's Medium
supplementedwith 100 ug/mlstreptomycin,
100 U/ml penicillin, 2 mM glutamine and
10% fetal bovine serum (FBS).

Cells were incubated at 37°C in

humidified atmosphere containing 95%
air and 5% CO2 in order to maintain a
pH value between 7.3 and 7.5. When
confluence has been reached, cells have
been washed twice with PBS, then treated
with a 0,05% trypsin solution and plated
on 55 cm2 plates. All the reagents have
been purchased from Sigma (Chemical
Co St Louis, MO, USA).

MLS Treatment

The laser source was a Multiwave
Locked System (MLS) provided by ASA
s.rl. (Arcugnano, Vicenza, Italy). The
instrument consists of two assembled
laser diodes, with synchronized emissions
at 808 and 905 nm, respectively.

The diode with A = 808nm may emit in
continuous mode, with a power P =1.1W,
or pulsed mode with an average power Pa
= 0.55W and a maximum frequency of
2000Hz.

The diode A = 905 nm is characterized
by a pulsed emission with a maximum
frequency of 2000Hz and an average
power Pa = 60mW.

Therefore, the MLS emission can occur
in different modes, according to the
operator's choice:

Continuous Mode (Continuous Mode
Operation, CW): diode with A = 808 nm,
continuous emission and diode with A =
905 nm, pulsed emission. Pulsed mode
(Pulsed Mode operation): diode with
A= 808nm, pulsed emission with pulses
repetition frequency f808 (Max value
2000Hz) and diode with A = 905nm,
pulsed emission with pulses repetition
frequency f905 = f808.

When frequency changes, the emission
features allow the average power of the
905nm diode emission to change, while
the average power of the 808nm diode
emission does not change. In fact, when
the frequency changes the 808nm diode
emission duration changes in proportion,
in this way the average power remains the
same. It is the temporal distribution of the
released energy which changes. With the
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same emission time (and spot sizes), the
whole energy (808nm + 905nm) changes
when the set frequency changes.

For our experiments, cells have been
plated on slides @ of 13mm (5000 cells
per slide) previously sterilized and put in
multiwell (plates of 24 wells) to carry out
the treatment. Each plate has been put in
a holder which allowed an easy scanning
of the samples. Each scanning lasted 20s.
The treatment was repeated once a day
for 4 consecutive days in sterile conditions.
The treated samples have been compared
with controls maintained in the same
conditions, except for the exposure to
MLS laser device.

The following treatment parameters
have been applied: 8 min exposure to
1500Hz emission frequency. To calculate
the energy given to each sample during a
single treatment (E) it has been considered
the following relation:

E=P.-(t/n) (1)

where n is the number of samples (8 in
our experiment), t is the treatment time,
P, is the average power, estimated on the
slide surface (132 mm?2), equal to the
sum of the two laser sources contribution
(P, ~ 200mW). Entering the data in the
formula (1), we obtain E ~ 12.0 J.

Cell viability

Cell viability after exposure to MLS was
determined by a Trypan Blue assay. The
dye is capable of selectively penetrate
into dead cells. After treatment, cells
are washed and detached with trypsin/
EDTA for a few minutes. Then cells are
centrifuged and resuspended in a solution
of PBS and Trypan Blue (dilution factor: 2)
and counted, after 5 min of incubation,
using Neubeuer emocytometer.

Immunofluorescence

After treatment the cells were fixed in
cold acetone for 5 minutes and then
washed with PBS without Ca and Mg.
After blocking unspecific binding with
PBS containing 3% bovine serum albumin
(BSA), cells were incubated overnight at
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4°C with the specific antibodies: anti-a
actin, anti-collagen I, anti-a tubulin and
anti-vimentin antibodies (Chemicon Int,
Temecula, CA), ant-Myo D antibody
(Santa Cruz Biotechnology, Heidelberg,
Germany), anti-MMP-2 and anti-MMP-9
antibodies (Abcam, Cambridge, UK). The
cells were then incubated with the FITC
(fluorescein isothiocyanate) conjugated
specific secondary antibodies (specifically:
anti-mouse 1gG for tubulin and Myo D
antibodies, anti-rabbit 1gG for collagen
| and MMP-2 antibodies, anti-mouse
IgM  for vimentin antibody and anti-
goat for MMP-9 antibody) (Chemicon
Int, Temecula, CA). Cells incubated
with anti-o actin antibody did not need
incubation with the secondary antibody
since a mouse anti-actin Alexa Fluor® 488
conjugated was used. Negative controls
were obtained by omitting the primary
antibodies. Samples were evaluated by
an inverted epifluorescence microscope
(Eclipse TE2000-E, Nikon, Italy) with oil
immersion objective (CSI S fluor 100x,
N.A. = 1.3) at 100x magnification and
imaged by a HiRes IV digital CCD camera
(DTA, Italy). Fluorescence excitation has
been achieved by selecting the 365nm
emission line of a mercury vapor lamp
(HBO 100W, Osram). About 30 cells
from different fields have been imaged
for each slide.

Image processing

The image processing has been performed
by using a specific program written
in the LabVIEW language (National
Istruments). By first obtaining a binarized
image, in which pixels corresponding
to cells and those corresponding to the
background have been given the value
of 1 and O respectively, the program is
able to distinguish the cell signal from the
background; as a second step, it calculates
the average cell intensity by applying the
binarized images to the original gray-
scale ones. It is then possible to compare
the average fluorescence intensity of a
first images set (control samples) with
the intensity of a second one (treated
samples).

Data Processing

The experiment has been made three times
to confirm the results. For each slide 30
images have been acquired and selected in
a random way. The fluorescence intensity
of each field (analyzed with previously
described method) has been expressed as
the average pixel intensity corresponding
to the visualized cells. Intensities
corresponding to the 30 acquired fields
have been further mediated to give a final
value, whose error has been calculated as
Standard Deviation (SD). The statistical
significance has been determined using
the T-Student's test (chosing p<0.05).

RESULTS

The aim of this study was to evaluate
the effects of MLS treatment on muscle
cells and to identify mechanisms possibly
involved in the stimulation of tissue repair.
For our experiments, we used a murine
myoblasts cell line (C2C12) widely accepted
as a model in muscle cells behavior studies.
In particular, the research focused on cell
viability and proliferation, organization of
cell cytoskeleton, expression of MyoD, an
early marker of muscle differentiation, and
proteins involved in the extracellular matrix
turnover (collagen I, MMP2, MMP9).

Viability and proliferation

In order to verify the effect of the exposure
to MLS emission on cell viability and
proliferation, Trypan blue assays were
carried out 24 h after the first treatment
and 24 h after the fourth treatment.

As shown in Fig.1, in both cases, no
significant  differences were observed
between treated samples and controls as
regards cell viability, which resulted higher
than 97.5% in all the samples.

Cell proliferation did not change
significantly after the first treatment, but
showed a decrease of the 25% after four
treatments (Fig.2)

Cytoskeleton

The cytoskeleton is an important
structure for the cell since it allows both
movement and shape modifications and
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_ Control
€ %8 LS

24 hours after 1 treatment

24 hours after 4 treatment

Fig.1. C2C12 Cell viability assessed 24 h after MLS
treatment and 24 h after the fourth MLS treatments.
(Control vs. MLS). Data were obtained by Trypan Blue
assay.
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Fig. 2. C2C12 Cell proliferation assessed 24 h after
MLS treatment and 24 h after the fourth MLS
treatment. (Control vs. MLS). Data were obtained by
Trypan Blue assay.

has an important role in intracellular
transport and signalling. The cytoskeleton
is mainly composed of three elements:
actin microfilaments, microtubules and
intermediate filaments made of tubulin
and vimentin, respectively.

The distribution of actin, tubulin
and vimentin in myoblasts exposed
to MLS treatments was studied by
immunofluorescence  microscopy and
image processing.

Actinismodifiedby mechanicalstimulation,
in particular by physical stimulation. It can
be used as a sensitivity marker of the cells
when exposed to physical factors [34].
Moreover, it is considered an important
marker for muscle cells differentiation
[35].

As shown in Fig.3 (ab), after MLS
treatments, actin expression decreased
by about 13% and cleary changed
the organization of the microfilament
network. The microfilaments appeared
more concentrated in perinuclear area.
The treated samples showed also changes

10um
—

Fig. 3. Expression of cytoskeleton components
assessed by immunofluorescence microscopy.
Actin expression in control (a) and cells exposed to MLS
treatment (b). Tubulin expression in control (c) and cells
exposed to MLS treatment (d). Vimentin expression in
control (e) and cells exposed to MLS treatment (f).

in the cell morphology, which resulted
elongated, when compared with control
samples. From a quantitative point of
view, the expression of tubulin, which
is the main constituent of microtubules,
did not change following laser treatment.
However, as observed in the case of actin,
a different organization of the microtubule
network has been observed: in fact, in
control cells microtubules were organized
radially while in treated cells appeared
randomly distributed. See Fig.3 (c,d).

We did not find any significant effect of
the treatment on vimentin, the protein
which form the intermediate filaments
[Fig.3 (e,f)].

Extracellular matrix

The extracellular matrix (ECM) is the non-
cellular component of a tissue. It has many
functions depending on the composition.
For example, it acts as support and
anchorage for cells and is a reservoir of
growth factors. Cells bind to ECM via
membrane proteins called integrins.
Through these molecular “bridges”, ECM

10 pm
—

Fig. 4. Expression of extracellular matrix components
assessed by immunofluorescence microscopy.
Collagen | expression in control (a) and cells exposed to
MLS treatment (b). MMP-2 expression in control (c) and
cells exposed to MLS treatment (d). MMP-9 expression in
control (e) and cells exposed to MLS treatment (f).

deformations can transmit mechanical
stresses to the cells and affect cytoskeleton
organization; in the same way cells can
induce changes in ECM [36,37].

The ECM turnover is a key factor in the
repair process of traumatized muscle.
The main ECM protein is collagen, which
forms very dense fibres. Different types of
collagen are present in the various tissues.
Collagen | is the most abundant in the
human body. It can be found in tendon,
muscle, endomysial fibrils, the organic
part of the bone tissue [38,39] and in
the scar tissue. After exposure to MLS,
myoblast cultures showed a moderate
(14%) but significant increase (p< 0,025)
in collagen | expression. Fig.4 (a,b)

The homeostasis of the ECM is also
regulated by proteins belonging to
metalloprotease family (MMP), which are
involved in ECM degradation and repair
during normal physiological processes
[40,41]. These proteins are also involved
in pathological conditions like arthritis
[42]. In myoblast cultures treated with
MLS we analyzed the expression of
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matrix ~ metalproteinase-2  (MMP-2)
and matrix metalproteinase9 (MMP-
9), which degrade collagen IV, one of
the most abundant types of collagen
in skeletal muscle. In comparison with
control samples we found a decrease of
expression of 33% and 18% respectively
Fig. 4 (c,d and ef).

Differentiation markers

As above described, the data of our
experiment revealed a decrease in
proliferation but no significant changes in
viability. Since this means that the MLS
treatment does not induce cell damage,
we hypothesized that the reduction in the
growth rate could be due to the triggering
of a differentiation process. Therefore, we
analysed in the treated cells the expression
of the differentiation marker MyoD. The
differentiation markers are molecules
which are expressed when cells pass from
proliferation to maturation. Each tissue has
its own differentiation markers. MyoD,
an early marker of myogenesis, belongs
to a protein family known as myogenic
regulatory factors (MRFs). The main
MyoD function is removing cells from
cellular cycle and blocking proliferation. It
is mainly expressed in muscle cells, where
it has an important function in regulating
muscle differentiation [43,44]. Our
results demonstrate that MLS treatment
induced an increase of the 26% in MyoD
expression (Fig. 5).

Fig. 5. MyoD expression assessed by immunofluorescence
microscopy. Control (a) and cells exposed to MLS treatments

(b).

DISCUSSION

The analysis of the data obtained by our
experiments shows that the exposure
to MLS treatment, even if repeated
over time, did not produce significant
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changes in cells viability, which never fell
below 97.5%. The proliferation decreased
moderately, but significantly, after 4
treatments.

In literature there are many studies
concerning the effect of laser radiation
on cell viability. The results are often
controversial and depends on laser type
and experimental models used. However
our results are in accordance with those
reported by Ferreira et al. in a study on
the effect of red/IR lasers on C2C12 cells,
the same as our experimental model [45].
Recent studies carried out on different cell
types showed that proliferation increased
after exposure to wavelengths < 780 nm,
while it decreased by irradiation at 810 nm
[12,46].

Since the unchanged cell viability
demonstrated the absence of acute cell
damage, the slower rate of growth induced
us to hypothesize that MLS treatment could
promote muscle cell differentiation. This
hypothesis was indeed confirmed by the
increase in MyoD that we found in treated
myoblasts. As above explained, MyoD is
an early marker of myoblast differentiation
and plays a key role in the maturation of
muscle cells [47].

The analysis of cytoskeleton organization,
made  through  immunofluorescence
microscopy, has shown that MLS treatment
induced a considerable reshape both
in microtubules distribution and in the
network of actin microfilaments.

These data are in agreement with results we
obtained previously in chondrocytes and
fibroblasts exposed to IR laser treatment
[48] and also with the studies of Ricci et
al [49], where changes in organization of
actin filaments and stress fibers formation
in endothelial cells of rabbit aorta (REAC)
subjected to LLLT are described.

It is well know that important changes of
the cytoskeleton can be inducted by physical
stimulation and laser radiation is not an
exception. These changes can determine
important effects on cells behavior, since
microtubules have a primary function in
regulating distribution and positions of
intracellular organelles and actin is involved
in cell shape determination, and regulates

the adherence/migration processes [50].
Moreover, in muscle cells, actin has a
very important and significant function.
Finally, the transition from proliferation to
differentiation, such as that observed after
MLS treatments, involves changes in cell
morphology and therefore in cytoskeleton
organization.

Indeed, it has been demonstrated that
substances like phospholipase D induce
myogenic  differentiation  through a
remodeling of actin cytoskeleton [51].
MLS treated samples showed also changes
in  expression of molecules which have
important functions in reshaping the
ECM. Collagen | expression increased, in
agreement with what other authors have
found recently in tissues exposed to GaAlAs
laser (A= 808nm) [52].

On the contrary, the expression of MMP-2
and MMP-9, involved both in migration and
myoblasts differentiation [53], diminished.
The moderate increase in collagen and
reduction in MMP-2 and MMP-9 could
affect myoblasts migration and ECM
formation.

In conclusion, the results we obtained on
cell viability and proliferation, structural
changes of the cytoskeleton, MyoD,
collagen I, MMP-2 and MMP-9 expression
demonstrate that MLS treatment does
not affect myoblast viability but can affect
migration, differentiation and production
of ECM molecules.

These results indicate that MLS treatment
is able to induce, in muscle cells, a
biological response that can affect muscle
function. This response is consistent with
therapeutic effects observed at systemic
level and suggest that MLS therapy could
be effective in treating muscle diseases
by direct action on myoblast behaviour.
Additional studies to further understand
the molecular mechanisms underlying
the observed effects are needed, since a
better understanding of mechanisms and
biological responses evoked by use of
different instrumental parameters can lead
to significant improvements in therapeutic
protocols.
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ABSTRACT

The aim of this report is to describe the
clinical application of MLS Laser Therapy
as adjuvant therapeutic  technique
in combination with topical wound
management for treatment of pressure
ulcers and open wound in four dogs.

The dogs have sustained trauma, were
hospitalized in the physical therapy
veterinary clinic and had wounds that had
to be treated concurrently with neurologic
conditions. Pressure ulcers and open
wound were managed by topical wound
medications and contemporaneously were
irradiated twice daily with MLS pulse. The
wounds were measured at the beginning
of the treatment and at the end of the
therapy and showed a reduction in size
during the course of treatments.

MLS laser therapy may be useful as
adjuvant therapeutic tecnique for treatment
of decubitus ulcers and open wounds in
dogs.

INTRODUCTION

Management of wounds is an important
part of physical therapy and rehabilitation
in humans and animals. Patients that have
sustained trauma often have wounds
that must be treated concurrently with
other conditions. Proper wound care,
along with some of the newer modalities,
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as laser therapy, should be applied for
successful treatment of open wounds.
Many veterinary patients have orthopedic
or neurologic conditions that result in
prolonged recumbency, placing them
at risk for decubital ulcers. When these
wounds occur, appropriate treatment is
critical to limit morbidity [1].

Some wounds fail to progress in an orderly
and timely manner through the biologic
sequences comprising the phases of healing,
resulting in a non healing or poorly healing
wound. The location of a wound over a
bony surface or joint may result in delayed
healing owing to difficulty in maintaining
approximation of found edges [1]. A
pressure sore or decubital ulcer is localized
injury to the skin and/or underlying tissue
usually over a bony prominence, as a result
of pressure, or pressure in combination
with shear, resulting in local or regional
tissue ischemia [2]. The progression of
pressure sores is influenced by several
other factors like direct pressure, including
shear forces, friction and moisture
[3,4,5]. Underlying conditions, such as
neurologic injuries (paralysis), vascular
diseases causing impaired circulation,
metabolic diseases (diabetes mellitus or
hyperadrenocorticism), and malnutrition,
can place animals at much greater risk
for the development of pressure sores.
Most pressure sores observed in veterinary

medicine occur in nonambulatory patients
or in patients that cannot or are unwilling
to change their body position [1].
Common anatomic locations for pressure
sores include the greater trochanter, tuber
ischium, calcaneus, lateral malleoulus of
the tibia, and the lateral aspect of the fifth
digit of the paw in the pelvic limbs and the
acromion, olecranon, and lateral epiconyle
of the humerus, and the lateral aspect of
the fifth digit of the paw in the thoracic
limbs [1].

Prevention of pressure sores is certainly
more cost effective than treating them,;
however, this is often easier said than
done. The prevalence of pressure sores in
people in the United states is reported to
be between 1.3 to 3 million, and pressure
sores are estimated to affect 5% to 10% of
hospitalized patients [6,7]. Pressure sores
are a source of numerous complications
contributing to high rates of morbidity and
mortality in humans. Treatment of pressure
sores can result in huge costs to the health
care system [3,78]. Although similar
statistics are not available in veterinary
medicine, pressure sores are similarly
known to be a cause of increased patient
morbidity and expense to the owner.
National Pressure Ulcer Advisory Panel
(NPUAP) and European Pressure Ulcer
Advisory Panel (EPUAP) developed a
common international definition and
classification system for pressure ulcers in
humans [2]. These classification schemes
are used to determine treatment protocols
and can similarly be applied to animals.
According to International Pressure Ulcer
Classification System four levels of injury
are described (Tab. 1).

During the past 30 years there have been
numerous reports indicating the potential
of laser biostimulation in the facilitation
of the wound healing process. In vitro
data suggest that laser therapy facilitates
collagen synthesis [9], keratinocyte cell
motility [ 10], and growth factor release[11],
transforms fibroblasts to myofibroblasts
[12] and accelerates angiogenesis [13,31].
Many authors of clinical studies have
reported the benefits of low level laser
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Category/Stage Description

Category/Stage |

Non-blanchable erythema
Intact skin with non-blanchable redness of a localized area usually over a bony prominence.
The area may be painful, firm, soft, warmer or cooler as compared to adjacent tissue

Partial thickness
Category/Stage Il

slugh or bruising

Partial thickness loss of dermis presenting as a shallow open ulcer with a red pink
wound bed, without slough. May also present as an intact or open/ruptured serum-
filled or sero-sanginous filled blister. Presents as a shiny or dry shallow ulcer without

Full thickness skin loss

Category/Stage Ill

palpable.

Full thickness tissue loss. Subcutaneous fat may be visible, but bone, tendon or

muscle are not exposed. Slough may be present, but does not obscure the depth of
tissue loss. May include undermining and tunneling. The depth of a Category/Stage
Il pressure ulcer varies by anatomical location. Bone/tendon is not visible or directly

Category/Stage IV

directly palpable.

Full thickness tissue loss

Full thickness tissue loss with exposed bone, tendon or muscle. Slough or eschar may
be present. Often includes undermining and tunneling. The depth of a Category/
Stage IV pressure ulcer varies by anatomical location. Category/Stage IV ucers can
extend into muscle and/or supporting structures (e.g. fascia, tendon or joint capsule)
making osteomyelitis or osteitis likely to occure. Exposed bone/muscle is visible or

Tab. 1. International Pressure Ulcer Classification System

therapy (LLLT) on tissue healing, but
others have shown no effect [14-16]. The
data from appropriately designed studies
indicated that LLLT should be considered
as an adjuvant therapy for refractory
wound-healing  disorders, including in
diabetic patients, although many of the in
vivo studies lacked specific information on
dosimetric data and appropriate controls
[17]. LLLT also resulted beneficial in
treating difficult wounds in metabolically
compromised  patients, as it was
demonstrated in a study on wound healing
in diabetic rats [18], while another study
reviewed the literature regarding the overall
treatment effects of laser phototherapy
on tissue repair and concluded that LLLT
represented an effective treatment [19].
To our knowledge, untill today only one
previous report has been published on
the clinical application of laser therapy to
promote closure of chronic skin wound in
a dog [20].

This case report describes the clinical use of
MLS laser therapy as adjuvant therapeutic
technique in three dogs with pressure
ulcers developed as a consequence of
neurologic disorders and in a dog with an

open skin wound followed by secondary
closure. The dogs were hospitalized
in a veterinary physiotherapy and
rehabilitation center in Reggio Emilia and
the rehabilitation program and wound
management were performed one/twice
day by veterinarians.

MLS Laser Therapy was carried out using a
MLS M1 vet laser device (ASA, Arcugnano
(Vi), ltaly), equipped with synchronized
combination of continuous and pulsed
emissions.  Continuous emission  was
produced by an InGa(Al)As laser with the
following parameters: wavelenght 808 nm;
maximum power 1000 mW, continuous
wave; spot area 3,14 cm?. Pulsed emission
was produced by an InGaAs/GaAs laser
with the following parameters: wavelenght
905 nm; maximum power 25 W, pulse
frequency 2000 Hz; pulse duration 200 ns;
spot area 3,14 cm?. MLS laser treatment was
performed on the wounds every day, after
cleaning procedure and before applying
topical wound management products.

The wounds were cleaned  with
chlorhexidine gel and the medication was
done by applying products for topical
wound management.

Case 1

An eight-year-old male mixed breed dog,
weighing 13 kg, was presented in the clinic
after the right hemilaminectomy at T12
to T13 performed for intervertebral disk
disease. The examination revealed a non-
ambulatory paraparesis and bilateral tuber
ischium stage Il pressure ulcers developed
because the dog was allowed to drag itself
only on his front paws. The wounds were
full thickness, 2,1 x 2,1 cm on the left tuber
ischium, 1,9 x1,9 cm on the right tuber
ischium, but bone was not exposed (Fig.
1). The dog was hospitalized and put on
the rehabilitation programme consisting
in hydrotherapy and passive and active
exercises repeated twice daily. The pressure
sores were treated with MLS Laser Therapy
and topical wound medications two times
a day.

Fig. 1. decubitus ulcers at the first examination in a mixed
breed dog

The ulcers were thoroughly cleansed
with  Clorexyderm  Spot  Gel (ICF,
Cremona, ltaly), treated with MLS laser
therapy (Contaminated Wound Healing
programme, continuous wave, scanning
mode, time 2 minutes, energy delivered
126,9 J) and then dressed topically with
Repy Gel (Innovet, Saccolongo, Italy).
The irradiation field included the entire

p r‘ :

Fig. 2. decubitus ulcers 12 days after treatment onset
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wound plus a 2 ¢cm margin around the
wound. Treatments were given for 12
consecutive days and pressure sores were
measured twice, once at the beggining of
the treatment and at the 12th day of the
treatment. At the second measurement the
dimensions of the ulcers were 1,2 x 1,2 cm
for the left ulcer and 1,3 x 1,3 cm for the
right ulcer and the depth of the wounds
was diminished (Fig. 2, 3). The dimensions
of the wounds were reduced by 42,8% and
31,6% respectively in 12 days.

aa U

Fig. 3. decubitus ulcers 12 days after treatment onset

Case 2

A thirteen-year-old female mixed breed
dog, weight 32 kg, was presented in the
clinic after the right hemilaminectomy
performed at T3 to T7 for discospondylitis.
The patient was severely paraparetic and
non-ambulatory. It presented category IV
pressure ulcer on the right great trochanter.
Initially, the pressure ulcer was 1,5 cm wide
(Fig. 4). The patient was hospitalized, put
on the rehabilitation programme that
included hydrotherapy and passive and
active exercises performed two times a
day and started the antibiotic therapy with
clindamycin 11 mg/kg BID.

The pressure sore was treated with

Fig. 4. great trochanter pressure sore at the first
examination
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MLS Laser Therapy and topical wound
medications twice daily. The ulcer was
thoroughly cleansed with Clorexyderm
Spot Gel (ICF, Cremona, ltaly), treated
with  MLS laser therapy (Contaminated
Wound Healing programme, continuous
wave, scanning mode, time 2 minutes,
energy delivered 126,9 J) all over the
wound and on the margin of the wound
and then dressed topically with a solution
of Betadine (Viatris, Milano, Italy) and
sugar. The second measurement of the
pressure ulcer, 4 days after the first
measurement, revealed a reduction of the
wound dimensions from 1,5 cm to 1 cm
(33,3%) (Fig. 5).

Fig. 5. pressure sore 4 days after onset of therapy

Case 3

A ten years old male Dobermann, weight
30 kg, was examined in the clinic after
the ventral slot performed at C5 to Cé
and at C6 to C7 for Wobbler syndrome.
At the reception the dog was severely
tetraparetic, non-ambulatory, not able to
stand and presented noticeable muscle
atrophy of the shoulders and hind legs
and maintained constantly the lateral
recumbency, although the recumbency was
changed every 4 hours. The patient started
the rehabilitation programme including
hydrotherapy and passive and active
excercizes twice daily. The pressure ulcers
at both great trochanters were developed
1 month after the admission to the clinic.
Initially, the diameter of the right decubitus
ulcer was 5 cm and of the left decubitus
4,6 cm (Fig. 6). The ulcers were thoroughly
cleansed with Clorexyderm Spot Gel (ICF,
Cremona, ltaly), treated with MLS laser
therapy (Contaminated Wound Healing

Fig. 6. great trochanter decubitus ulcer at the first
examination

programme, continuous wave, scanning
mode, time 2 minutes, energy delivered
126,9 J) and then dressed topically with a
solution of Betadine (Viatris, Milano, Italy)
and sugar. The irradiation field included the
entire wound plus a 2 cm margin around
the wound. After 5 days of MLS laser
therapy and topical wound management
the diameter decreased to 4,5 cm on the
right and to 4,1 on the left trochanter.
After 10 days of treatment the diameter
of the right decubital ulcer was 4,1 cm
and 3,9 cm of the left one. After 18 days
of therapy the dimensions of the wound
decreased further to 3,6 cm on the right
side and to 2,9 cm on the left side (Fig. 7).
In 48 days of therapy the ulcer on the right
trochanter was reduced by 28% and on the
left trochanter by 36,9%.

Fig. 7. the ulcer after 48 days of treatment

Case 4

A three years old male mixed breed dog,
weight 26 kg, was examined in the clinic
after the stabilisation of the vertebral
fracture and luxation at T2 to T3 and
the amputation of the second digit of
the right hind limb. At the reception the
dog was tetraparetic and non-ambulatory.
The patient was hospitalized, put on the
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Fig. 8. chronic wound on the right hind limb, after the
amputation of one digit

rehabilitation programme that included
hydrotherapy and passive and active
excercizes performed two times a day
and started the antibiotic therapy with
clindamycin 11 mg/kg BID. The skin lesion
that developed in situ of the amputation
had to close by second intention healing
and was managed as open wound
(Fig. 8). The wound was treated with
MLS Laser Therapy and topical wound
medications twice daily. It was thoroughly
cleansed with Clorexyderm Spot Gel
(ICF, Cremona, ltaly), treated with MLS
laser therapy (Contaminated Wound
Healing programme, continuous wave,
scanning mode, time 2 minutes, energy
delivered 126,9 J) all over the wound
and on the margin of the wound and
then dressed topically with Hypermix (RI.
MOS., Modena, Italy). The wound healed
completely after 32 days of therapy (Fig.
9, 10).

DISCUSSION

Wound healing is a biologically complex
sequence of overlapping events and is a
natural restorative response to tissue injury
[1]. The dynamic series of interrelated
processes is divided into the inflammatory,
proliferative and remodelling phases. The
duration of each stage will vary with the
wound type, management, microbiologic
and other physiologic factors [21]. Each
phase involves biochemical mediators such
as cytokines, growth factors, and other
cellular components that stimulate or inhibit
the cellular responses that facilitate healing
[1]. The biologic process for wound healing
is the same for all wounds, although the
specific mechanisms may vary. Superficial
and partialthickness wounds complete

Fig. 9. the wound 15 days after treatment onset

Fig. 10. the wound after 32 days of therapy. Note that the
wound has completely healed.

healing principally through epithelialization
and progress through the repair process
more quickly than full thickness wounds
that rely primarily on contraction. Chronic
wounds may lack an orderly progression
through wound healing phases, allowing
for prolonged inflammation, repeated
injury, and infection [1]. Many of the
regimens and therapeutic interventions
designed to facilitate the wound healing
process, as laser therapy, influence the
various phases of the process. Methods to
promote wound healing must not interrupt
these biological processes.

Laser therapy is thought to stimulate
wound healing by inducing vasodilatation
that increases nutrients and growth factors
supplies, activates fibroblasts and increases
collagen synthesis, an essential protein for
tissue repair and regeneration [22,23].
In damaged tissues, where recovery of
nervous functions is normally slow, laser
stimulation accelerates nervous cells
regeneration, revitalising the insensitive
areas [24,25,26]. It also induces lymphatic
and vascular regeneration [27,28,29] and
increases and accelerates angiogenetic
processes [13,30]. Finally, laser therapy
prevents the formation of hypercheratotic
lesions formation because it reduces the

formation of cicatricial tissue following a
skin lesion [31].

To authors' knowledge, in veterinary
medicine only one report on laser therapy
in wound healing in a dog has been
published [20] and our aim with this case
reports was to present our experience with
MLS laser therapy used as adjuvant therapy
for decubitus ulcers and wound healing in
unfavorable conditions for healing. In the
cases presented in this report, the MLS
laser therapy was used in combination with
topical wound management to promote
healing and to accelerate the formation of
cicatricial tissue in decubitus ulcers and an
open wound. The four dogs in this case
series showed deep pressure ulcers and a
chronic open wound and all cases followed
the process of second intention healing.
All dogs have sustained trauma and had
wounds that had to be treated concurrently
with other conditions. Hydrotherapy was
included in the rehabilitation programme
of all dogs and it probably represented a
delying factor in the healing process, as
hydrotherapy is usually contraindicated
when there is a presence of infected
skin lesions. However, considering the
concurrent illness of the patients and
the benefits of acquatic exercise in their
conditions, it was decided that the delayed
healing of the ulcers and wounds was a
minor problem that could be handled
with MLS laser therapy and topical wound
medication. The patients did not show
signs of discomfort during the treatments
and the therapy was easy to handle and
quick to perform.

In summary, we consider MLS laser therapy
an effective and valid adjuvant therapy
for refractory wound healing disorders as
decubitus ulcers and open wounds that
have to heal by second intention in dogs,
even in conditions that dely healing as those
experienced during the treatment of our
patients. However, the advantage of the
laser therapy to promote wound healing
has still not been unegivocally established
by appropriate studies in veterinary
medicine. For veterinary patients, carefully
designed clinical trials using laser therapy
for treatment of open wounds or decubitus
ulcers may help define its effectiveness.
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ABSTRACT

Delayed wound healing specially in
diabetic ulcer is continuing challenge
in rehabilitation medicine despite some
recent advances in understanding of its
basic principles and problems in wound
healing that continue to cause significant
morbidity and mortality. The aim of this
study was to determine the effect of
Pulsed High Intensity Nd:YAG Laser in the
treatment of chronic diabetic foot ulcer
(Deep Ulcer grade 2) and suggest laser
protocol for wound healing. Forty patients
suffering for chronic diabetic foot ulcer as
a complication of diabetes mellitus, aged
40-70 years (mean age 58.17+9.83), were
included. Patients were randomized for
treatment in two groups. In the group A
(HILT group), twenty patients received 24
session of pulsed high intensity Nd:YAG
laser according to designed protocol, 3
times per week in addition to standard
medical treatment which is given for
diabetic foot patients. In the group B
(Standard Medical Therapy Group),
twenty patients received standard medical
treatment for 24 sessions, three times per
week. The result of this study revealed
that there was statistical significant
reduction in wound surface area for group
(A) after 12 and 24 sessions. The results
have demonstrated the objective effect
of pulsed high intensity Nd:YAG laser in
treatment of chronic diabetic foot ulcer.
Therefore, pulsed high intensity Nd:YAG
laser is effective, innovative, non invasive,
non expensive and can be used as a new
trend physical therapy modality in the
treatment of chronic diabetic foot ulcer.

INTRODUCTION
Diabetes mellitus is the most common
serious chronic disease  which s

characterized by hyperglycemia, metabolic
abnormalities and long term complications
involving eyes, skin, nerves and blood
vessels. More than 220 million people
had diabetes by the year 2010 and the
majorities have type Il diabetes [1].

Wound healing and tissue repair are
complex processes that involve a

Effect of pulsed high
intensity Nd:YAG

laser in treatment
of chronic diabetic

foot ulcer.
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dynamic series of events including
clotting, inflammation, granulation
tissue formation, epithelization, collagen
synthesis and tissue remodeling [2].
Diabetic foot ulcer and subsequent foot
amputation continue to cause considerable
morbidity among persons with diabetes.
Foot ulcer had been recognized as an
important antecedent of lower extremity
amputation in multiple studies. Progress
has occurred in understanding the
pathogenesis of these complications [3].
In recent vyears low intensity laser
photostimulation has gained considerable
recognition and importance among
treatment modalities for various medical
problems including wound  repair
processes, musculo-skeletal complications
and pain control [4]. Also, laser is a new
therapeutic tool used to reduce pain and
to accelerate healing process of wounds
[5].

Therapeutic lasers use monochromatic
light in the 630 to 905 nm range,
known as the “therapeutic window"
[6]. High Intensity Laser Therapy (HILT),

performed with a pulsed Nd:YAG laser, is
characterized by a wavelength of 1064
nm that allows it to penetrate and spread
more easily through the tissue due to not
having endogenous chromophores able
to efficiently absorb 1064 nm radiation.
Moreover, with Nd:YAG pulses it is
possible to deliver power peaks of up to
1000 Watt for times of 200p seconds:
extremely elevated peak intensity W/cm?
in very brief times. Such a high intensity
in such a short time prevents the heat
accumulation by the tissues as happens
with the use of Nd:YAG laser with
continuous emission. These features result
in a greater propagation of the radiation
in the tissues with a very low histolesive
risk, leading to the possibility of treating
deep tissues and structures.

At the same time, the photothermal effect
can be controlled in terms of patient
safety and comfort by modulating pulse
intensity and frequency [7].

Photostimulation promotes tissue repair
by accelerating the production of collagen
and promote overall connective tissue
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stability in wound healing [2].

Powell et al [8] mentioned that fifteen
percent or more of people with diabetes
sustain one or more foot wounds during
their life time and they are fifteen times
more likely to suffer from non traumatic
lower extremity amputation than people
without diabetes. In addition, Margolis et
al [9] revealed that diabetic patients with
lower extremity ulcers were hospitalized
longer on average than those who were
hospitalized and did not have ulcers.
Whereas half of all lower extremity
amputations in hospitalized patients
occurred in diabetic patients. They also
assured that those with lower extremity
amputation have a diminished quality
of life, increased health costs, and more
likely to have the contra lateral limb
amputation, and are more likely to die
within the next five years than those with
no amputation.

The ulcer healing and its effects on the
elongation of hospitalization period are
major economical problems that face
the physical therapists and other team
members of ulcer rehabilitation. The
importance of this study arises from the
severity of diabetic foot ulcer which leads
to serious complications such as: delayed
wound healing, amputation and risk of
infection. Diabetic foot ulcer problem may
impair the primarily daily living activities
due to the reduction of muscle power
and the limitation of range of motion
of peripheral extremities. Therefore, this
study was designed to evaluate the effect
of pulsed high intensity Nd:YAG laser in
treatment of diabetic foot ulcer as a new
physical therapy method for promoting
healing process of chronic diabetic foot
ulcer and to suggest a treatment protocol
for wound healing by using pulsed high
intensity laser.

MATERIALS AND METHODS:

Forty patients with chronic diabetic
foot ulcer participated in this study.
The patients suffering for unilateral or
bilateral grade 2 deep ulcer diabetic foot

26

ulcers (according to Wagner [10] Ulcer
Classification System) lasting longer than
two months were recruited in the study.
The recruitment occurred via collaboration
with general surgeons and wound care
specialists serving outpatients clinics. All
patients were selected from diabetic foot
clinic in Alnour Hospital. All participants
were informed about the nature and
the purpose of the study; patients were
examined by physician before the study
to determine inclusive and exclusive
criteria. Demographic information was
obtained from standardized interview
including age, sex, occupation, residence
and special habits. Physical examination
and history evaluation were conducted
for all patients included weight, height,
diabetes duration, ulcer duration and
site, inspection of foot and palpation of
peripheral pulses (anterior tibial artery and
dorsalis pedis). Patient received an Arabic
instruction manual that contains general
advices about foot hygiene; nail care and
foot wear to avoid future injuries. Patients
were asked to do regular analysis of serum
blood glucose level to maintain it within
normal ranges during the program.

Subjects  Criteria:  Inclusive  Criteria:
patients with type Il diabetes mellitus and
grade 2 (Deep Ulcer) diabetic foot ulcers
were referred from diabetic foot clinic in
Alnour Hospital. Patient's age ranged from
40 to 70 years (mean age 58.17+9.83).
All patients were male, and they did not
receive any prior physical treatment for
diabetic foot ulcer management. Exclusive
Criteria: Patients had any pathological
conditions or associated injuries which
may affect the result of the study, patients
had skin disease or any disease which leads
to ulcer other than diabetes as venous or
arterial ulcers, patients with malignancy,
patients had any type of osteomyelitis
associated with diabetic foot ulcer.

The patients randomly divided into two
groups. Group A (HILT Group): twenty
patients received application of pulsed
high intensity Nd:YAG Laser (HIRO 3.0,
ASA srl, Italy) for 24 sessions (about 8
weeks), three days per week in addition
to standard medical treatment which

is given for diabetic foot patients. Laser
application was supplied immediately
after standard medical treatment. HILT
was given by 5 mm probe and energy
densities 4 J/cm? with 1 cm distance from
ulcer surface (non-contact), according to
protocol designed for wound healing
(Table 1). Group B (Standard Medical
Therapy Group): twenty patients received
standard medical treatment for 24
sessions. They were instructed to receive
the treatment three times per week in
the Physical Therapy Department; they
received routine treatment of foot ulcer
in form of hypoglycemic medications
such as insulin injection to control blood
glucose level, systemic antibiotics against
microorganisms according to culture
tests, debridement for removal of necrotic
tissues and foreign bodies when needed,
irrigation of the wound by normal saline
solution twice daily, dressings after
irrigation of the ulcer, and finally it was
covered with sterile gauze.

Grade0 High risk foot and no ulceration.

Grade -1 Superficial Ulcer.

Grade -2 Deep Ulcer (cellulitis)

Grade -3 Osteomyelitis with Ulceration or
abscess.

Grade -4 Gangrenous Patches. Partial foot
gangrene.

Grade -5 Gangrene of entire foot.

Tab. I. Wagner's classification for diabetic foot disease (Adopted
from Levin and O'Neals).

Wound surface area (WSA) was measured
by tracing the wound perimeter as
reported by Kloth and Feedar [11] and by
using a digital camera.

In the transparent method the patient
was positioned in a comfortable position
with exposure of the affected foot,
double sterilized transparent plastic films
were placed directly flat and attached
to the skin around the wound area with
avoiding any movement and distortion
of the foot. Ulcer margins were traced
by the same investigator to establish
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reliability of measurements [12]. The
ulcer perimeter was traced by using the
film-tipped transparency marker. Each
ulcer was traced three times to establish
measurement reliability. After tracing,
the side of the transparency film facing
the ulcer was cleaned with a piece of
cotton and alcohol. Carbon paper was
placed over the 1-mm-squared metric
graph paper. The traced transparency film
was placed over the carbon paper with
white paper in between and the tracing
was transcribed onto the metric graph
paper. WSA was calculated by counting
the number of square millimeters on the
metric graph within the wound tracing.
The mean value of the three trials was
calculated and taken to be the WSA.
WSA measurements were taken at zero
time (“pre"), after 12 sessions (“post -1"),
and after 24 sessions (“post-2"), and after
two weeks of follow up.

The digital camera was placed through
a constant distance on a tripod from
patient's foot to capture a colored picture
of ulcer to detect the size changes of
the ulcer before treatment and through
12 and 24 sessions of treatment. The
environmental conditions such as patient
position, camera distance and orientation
and lighting level were controlled.

A 10 cm ruler was included in each
photograph field to allow calibration during
subsequent measurement procedures.
Designed protocol for laser
applications (Table 1):

After calculating the area of the wound
(Wound Surface Area (WSA) expressed in
(cm?), the dose applied for each wound
was 4 J/cm? in each phase of laser
treatment with a 10 minute total duration
for all phases.

For example, for WSA=20 cm? the dose
in each phase is 80 Joules.

RESULTS

Statistical analysis: Data were collected
and statistically analyzed using repeated
measures and ANOVA test to verify the

Frequency ~ Modeof  Time Total

Phase (Hz) application ~ (Minutes)  Energy
il » Bt 3
Scanning
) According
Apphed atthe to the size
Intermediate 15 periphery of 4 of each
the wound wound
(Fixed points) (WSA)
expressed
in (cm?)
Final » o 3
Scanning

Tab. 1. Treatment protocol of Pulsed High Intensity Nd:YAG
laser for wound healing.

hypothesis and control both within and
between variabilities with significance of
0.05. The data collected for both groups
before treatment (pre), after 4weeks (12
sessions, (post- 1) and after 8 weeks (24
sessions, (post -2) were compared with
each other.

1-Results for group (A): The mean value
and standard deviation of WSA (cm?), in
group (A) before application of laser (pre)
was 8.10+2.35, post-1 was 4.05+1.46
and post2 was 0.65 +0.58, there was
significant decrease in the WSA after 4
weeks and 8 weeks compared to initial
measurement (before treatment), p>0.05
as shown in table (2)

2-Results for group (B): The mean value
and standard deviation of WSA (cm2), in
group (B) at the beginning of the study
(pre) was 8.75+2.48, post-1 was 7.75+
2.20 and post2 was 6.40 £ 2.22,
there was decrease in the WSA after 4
weeks and 8 weeks compared to initial
measurement (pre), p>0.05 as shown in
table (2).

3-Comparing the mean values of WSA in
group (A) and group (B) before treatment
(pre), after 4 weeks (post-1) and after
8 weeks (post-2) we found that before
treatment (pre), there were no significant
differences between the two groups, p >
0.05. After 4 weeks (post-1), there was a
significant reduction in WSA in group (A)
compared to group (B) (p < 0.05). After
8 weeks (post-2), there was a significant
reduction in WSA in group (A) compared
to group (B), (p < 0.05), as shown in
figure (1).

DISCUSSION

Delayed wound healing specially in
diabetic ulcer is continuing challenge
in rehabilitation medicine despite some
recent advances in understanding of its
basic principles and problems in wound
healing that continue to cause significant
morbidity and mortality. A great number
of studies have been conducted on
acceleration of wound healing, attainment
of normal breaking strength and
prevention of keloid and scar formation
by using many physical methods such as
therapeutic ultrasound, laser therapy and
electrical stimulation [13].

This study was designed to investigate the
effect of pulsed high intensity Nd:YAG
laser on chronic diabetic foot ulcer. The
result of this study showed that, there was
significant decrease in WSA in group (A),
after 4 and 8 weeks of laser treatment,
compared to group (B).

Hawkins and Abrahamse [14] investigated
the effect of multiple exposures to
Low Intensity Laser Therapy (LLLT) on
cell response, using as experimental
model wounded skin fibroblasts. They
demonstrated that correct energy density
or fluency and the number of exposures
can stimulate cell response in terms of cell
migration and proliferation by stimulating
mitochondrial activity and maintaining
viability without causing additional stress
or damage to the cells. Results indicate
that the cumulative effect of lower doses
determines the stimulatory effect.

Several indices of tissue repair are
positively affected by laser treatment. In
vivo studies and clinical reports indicated
that laser therapy promotes wound
healing by accelerating collagen synthesis
[15,16], inflammation course, healing
time and strength acquisition [17].
These results are consistent with previous
reports that have demonstrated elevation
of several metabolic indices of ATP
synthesis [18], fibroblast proliferation,
[16] and collagen synthesis, as well as
increases in the biomechanical indices of
tissue healing.

Laser stimulation leads to increased
production of ATP from ADP molecules.
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Wound Surface Area (WSA cm2)

Groups HILT group (A) control group (B)
Time of
pre Post-1 Post-2 pre Post-1 Post-2
measurements
Mean 8.10 4.05 0.65 8.7500 7.7500 6.4000
SD + 2.35 1.46 0.58 2.48945 2.20347 2.22781
F value (df) 86.46 (2) 242.67 (2)
P value P>0.05 P>0.05
Tab. 2. The WSA for group (A) and group (B) at (pre), (post-1) and (post-2).
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Figure (1): The mean values of WSA for group (A) and (B) at (pre), (post-1) and (post-2)
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Figure (2): The mean values of WSA for group (A) and (B) at (pre), (post-1) and (post-2)
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These processes occur in mitochondria,
although the mediator between the action
of photons and biochemical processes
activation has not yet been identified.
From numerous experiments and studies
in vitro, it is evident that laser light is able
to induce cell replication and synthesis
of RNA and proteins (eg, collagen),
promoting the healing process [19,20].
Our protocol has been designed on
the basis of the study of Madrado et al
[21], which evaluated the effects of laser
therapy in experimental cutaneous wound
healing and concluded that a dose of 4 J/
cm? was more effective to that of 8 J/cm?2.
In addition, Hawkins and Abrahams
[22,23] reported that a dose of 5 J/cm?
generated by a HeNe laser stimulates
mitochondrial activity, leading to re-
establishment of cellular functions, and
induces proliferation and migration of
fibroblasts, thus hastening wound closure.
In contrast, a dose of 10 J/cm? was
associated with a significant amount of
cellular and molecular damage.

Pereira et al [24] studied the effect
of a 120 mW GaAs diode laser on
fibroblasts, and concluded that a dose of
3 J/cm? stimulated fibroblast proliferation
without impairing procollagen synthesis.
Pourzarandian et al [25] studied the effect
of Er: YAG laser irradiation on cell growth
of cultured human gingival fibroblasts
and concluded that the optimal energy
density for stimulation was 3.37 J/cm2.
The results indicate that Er: YAG laser
irradiation may benefit wound healing.

It has been reported that in the case
the tissues are affected by chronic
phatological conditions, longer intervals
between treatments are required, with a
maximum of two or three sessions/week
[26]. Clinical practice has shown that
deeper is the wound or target tissue, more
treatments are required and, as a general
rule, it is better to use 3-4 treatments/
week with moderate doses than using
higher doses and fewer treatments [27].

In agreement with outcomes of previous
studies our results completely support
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Figure (3): Differences in wound surface area by using digital camera

Case 1

Pre treatment

Case 2

f -

Pre treatment

Case 3

Pre treatment

the hypothesis that healing process of
diabetic foot ulcer is favoured by pulsed
high intensity Nd:YAG laser. In fact
the findings show that the application
of pulsed high intensity Nd:YAG laser,
according with the described protocol,
is safe and effective for the treatment of
grade 2 chronic diabetic foot ulcer, and
induces a significant decrease in WSA
as demonstrated by evaluation of the
wounds at 4 and 8 weeks.

After 4 weeks

After 4 weeks

After 4 weeks

CONCLUSION

The common lower extremity problem
associated  with  diabetes is the
development of foot ulcers. The delayed
ulcer healing and its effects on the rate of
recovery and period of hospitalization are
serious and functional problems. Therefore
the selection of the appropriate treatment
modalities is one of the big challenges
to deal with those patients and the
rehabilitation teams. The findings of this

After 8 weeks (complete closure)

After 8 weeks (complete closure)

study are important to the specialists who
work in the field of physical therapy and
rehabilitation because suggest advanced
physical therapy modalities in treating
one of the most complicating problems
with diabetic patients. The advantages to
develop new strategies and standardize
protocols for treating diabetic foot ulcer
result in decrease of cost and faster time
of wound healing.
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