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stract
The effect of a single exposure of He-Ne laser on

collagen content was studied jin vive using laboratory

animals. A standardized 1.5 cm full thickness skin incasion
was made on the dorsum ¢of 24 Sprague-Dawley rats. The rats
were divicd~sd i1nto si1ix egual size groups, three groups
functioning as controls and thrse groups functioning as
experimental. The eXperimental animals were irradiated with
He-Ne laser four days post-incision fo:r 16 minutes to
deliver a total dose of 5.99 J/cmz. On days 6, 10 and 14
post-incision, control and experimental animals had the
healing wounds excised for analysis of collagen content by
assaying spectrophotometrically the hydroxyproline content
within the tissue samples.

The results ¢f the hydroxyproline content were analyzed
using independent-groups t-test and analysis of variance.
It was demonstrated that even though the mean values of
hydroxyproline within the experimental groups were higher
than the respective ccntrol groups, no statistical

significance could be attributed to this observation.
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esume

L'effet d'un simple exposition du laser de type Hélium-

Néon sur le contenu de collagene a été etudié in vivo en
utilisant des animaux de laboratoire. Une 1ncision
standardisée de l'ordre de 1.5 cm d'épaisseur a eté
pratiquée sur la surface dersale de vingt-quatre rats de
type Sprague-Dawley. Les rats furent répartis en six
groupes de taills égale, trois d'entres eux servant de
groupes de controles et les trois restants de groupes
expérimentaux. Les animaux expérimentaux furent irradiés
avec le laser Hélium-Néon qguatre jours suivant l'incision
pour une durée de 16 minutes, livrant ainsi une dose totale
de 5.99 J/cmz. Au cours des journées 6, 10 et 14 csuivant
l1'incision, les animaux des groupes contrdles et
expérimentaux ont subit une biopsie au site de l'incision
afin de déterminer le contenu de collagéne et de quantifier
spectrophotemétriquement le contenu de 1'hydroxyproline a
1'intérieur des échantillons de tissu.

Les résultats du contenu de l'hydroxyproline furent

analysds en utilisant des groupes 1indeépendants test-t et des

analyses de variance. I1 a eté deémontré que méme 81 les
valeurs moyennes de 1'hydroxyproline parmi les dgroupes
erpérimentaux étailent plus elevées gue celles des groupes
respectifs de contrdle, aucune statistique signifiante peut

étre attribuée & cette observation.



Introduction

Low energy laser (He~Ne 632.8 nm) has been demonstrated
to have many biostimulative effects. To the surgeon the
effects of ygreatest interest are those which demonstrate

beneficial properties to the wound healing process. Some of

1")
these i1nclude: increased rate of migration of fibroblasts™ <,

<5,26,56,57

increased wound strength and increased collagen

synth951s.1—“’31’36
It has been demonstrated in animals that 51ngle50 and
i . ..25,31,57 R _
multiple exposures cf He-Ne laser c¢an increase wound

strength during the first few weeks of healing. With time
the non-irradiated wounds will ultimately equal those which
received laser exposures without the advantage of early
increases 1in tensile strength.

The formaticn, deposition and organization of collagen
fibers are key factors 1in wound repair. Some authors have
suggested that increased wcund strength may be related to
1ihcreased collagen synthesis 1n wounds exposed to He-Ne

>0 Recently, 1t has been demonstrated that wound

laser.
strength 1ncreases occur before elevated levels of collagen
content are appreciated within the wound fcllowing repeated
He-Ne laser exposure.31 This suggests that some other
process may be occurring to account for the increases 1in

wound strength.
In vitro and ain vivo studies have demonstrated that

multiple exposures of He-Ne laser can cause increased

1-3,21

collagen syiithesas. For this to be clinically
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practical, it would be advantageous 1f the same effect could
be demonstrated with a single exposure of He-Ne laser. To
date, nc¢ study has 1nvestigated the effect of an extended
single exposure of He-Ne laser on collagen content within a
healing i1ncision. The purpose of this study was to
determine the collagen content of primarily closed, full
thickness skin 1ncisions in rats which had been treated with

an extended single dose of He-Ne laser.




The word "laser" 1s an acronym standing for "light
amplification by stimulated emission of radiation". In
order to appreciate fully lasers and their biostimulatory
properties, an understanding of the mechanics of electro-
magnetic radiation 1s necessary.

The electromagnetic spec..um consists of a wide range
of radiation traveling at the speed of light and
character.zed by 1its wavelength.33 The waves comprising the
spectrum are oscillating sindasordal propagations ¢f electric
and magnetic energy and its wavelength is defined as the
distance between two successive peaks on the wave form.

The frequency of c¢scillation as determined by the wavslength
13 the only difference between the shortest and longest
waves 1n the spectrum.8 The shortest waves are the gamma
waves while the longest ars the radicwaves. Electromagnetic
tadiaticn within the wvisible light region has an accepted
unit of wavelength, the nanometer (10"9 meter).

Electromagnetic radiation possesses not only the
property v waves but, as well, that of particles. The
radiation 1s due to the transitions within the electron
configuration of the atoms.8 Light 1s a continuous stream
of cdistinct parcels of energy "photons'" which are emitted by
atoms as they cdrop from an excited state (El) to 1ts normal
energy level (EO). The energy of each photon can be

expressed by Planck's relationship. This 1s represented by




E = hc//, where h 1s Planck's constant (6.63 x 10.34 Joules

{3j] per second), ¢ 1s the speed of light (3 = 1010 cm”™ perv

second), and * 1s the wavelength.33

The electrons of an atom can exist at a limited number
of energy levels. When the atom 1s stimulated, an outer

shell electron usually moves to an excited state (E.), from

1

ts normal ground state (Eo). The more energy absorbed by

the atoms in the medium the greater the number of =lectrons
ir. El‘ The time period 1in El 1s short, usually 10”9 seconds
or less, and .s defined as the flucrescent lifetime. When
the majority of the ateoms in the medium are 1n the excited
state, this 1s referred to as a population 1nver51on.8
Certain atomns have fluorescent iifetimes when 1in the excited
state that are relatively longer. These are known as
metastable states. Only atoms possessing metastakble states
are useful as active media in lasers. As the electrons fall
from a metastable state o 1ts next lower energy level, a
packet c¢f energy, a photon 1s emitted. The ensrgy of the
photon equals the energy difference between th2 metastable
state and the next lower energy levels {El-EO). The
wavelength 2f the photon can be determined by Planck's
relationship A = hc/E1 - EO. The drop 1n energy levels 1s
called radiative transiticn and the emission of photons by
the means of spontaneous emissions or fluocrescence

However, 1n most atoms, electrons at higher energy levels

return to their ground state via several competing pathwavs.

These pathways may have several photon emitting transitions;



therefore photons of different energy, and thus different
wavelengths, could be produced by a single type of excited

8
atom returning to ground state.

In addition to spontaneous emission there exists
stimulated emission. Preceding stimulated emission, a
process known as stimulated absorption occurs whereby an
atom absorbs a photon with energy equal toe that amount
necessaly to excite an electron from EO to El‘ The photons
which cause thie can be from either an electric current or
from spontaneous em15510n.33 Now, 1f the atom which has
undergone stimulated abkscrption, collides with a photon
which has energy equal tc the difference between the
electron's excited and ground states, a return to the ground
state can b= achieved with the release of a photon. The raw
photon released hias the same wavelength, phase and direction
as the photon which caused its release. Therefore a single
photon can cause & chain reacticon, resulting i1n the emission
of photons of i1dentical character¢st1cs.33 This 1s defined
as stimulated emission. In orcder for stimulated emission to
oczur a2 high degree of population inversion must be
present.8 The rationale for this 1s that when the upper
energy level states are more populated than the lower energy
level states, the transition prohability for stimulated
enmlssion overcomes the probability for spontaneous
em1551on.8

In order for population inversion to occur energy must

be supplied to the active medium. This can be obtained by
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introducing external energy sources to the system. The
application of the energy 1is a process referred to as
pumping. The energy can be derived from high intensity
light. The process c¢f cptical pumping is very inefficaent
as only a small portion of light can be used to excite the
atoms. Several other methods, including i1onization and
neutral atom discharge, use electric current to achieve
population inversion. Energy from chemical reactions should
theoretially also be able to create population inversions,
but systems trying to use this method have not been
successiul to date.g’lz’50

The processes of spontaneous emission, stimulated

absorption and stimulated emission are shown in diagrams

18
-

(Fig.1,2,3).
All lasers consist of three basic elements: a laser
medium. be it solid, liguid or gas; a source of energy to
excite the medium; and a system of mirrors tc feedback light
through the laser medium.48 A resonance chamber, with a
specific length to produce the desired wavelength laser will
house these elements.9’48
In order for a laser light to be obtained, the mecdium
nust be able to achieve population inversion and a
metastable state, as well as sufficient energy available to
predictably achieve thls.8 Within the resonrnance cavity the
mirrors are placed at either end. The distance between

thece mirrors 1s carefully determined and measured to

produce resonance for the particular wavelength of the laser
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32 Resonance is defined as the effect produced when

medium.
the natural or inherent frequency of an oscillating system
is greatly amplified by reinforcing vibrations at the same

15 The excited medium emits

or nearly the same frequency.
photons in random directions. ©Only those photons travelling
parallel to the axis of the resonance chamber are reflected
back along the same axis, thus passing repeatedly through
the medium. Should one of the photons travelling down the
axis of the resonance chamber collide with an excited atom,
it will produce two photons which have the same wavelength,
direction and phase. As these photons strike other excited
atoms a cascade of photons are produced travelling along the

12,50

axis of the resonance chamber. The mirrors at either

end of the chamber redirect the photons back along the axis
amplifying the light wave and producing resonance.33 The
basic laser system 1s illustrated in Figure 4.9

Photons are emitted in random directions. Those
photons which are not travelling parallel to the long axis
of the resonance cavity will escape from it, whereas those
travelling in a direction parallel to the laser's axis will
become greatly ampllfled.33 The amplification 1s achieved
by the mirrors, which redirect the photons along the axis
producing resonance. The mirror at one end of the resonance
cavity is partially reflective, while the other 1s totally
reflective. One to twenty percent of the photons travelling

along the axis will escape through the partially reflective

surface. This produces the laser beam.4
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The laser beam emitted has the properties of

33 Monochromaticity means

monochromaticity end coherence.
light is formed by one wavelength. Since, when electrons
fall from the metastable to ground state, several photon-
releasing electron transitions are possible, the laser is

33 The unwanted transitions

not absolutely monochromataic.
can be eliminated by setting the length of the resonance
cavity or if this doesn't achieve the desired result, a
filter or prism can be used to suppress these wavelengths to
produce a monochromatic beam.48

The coherence of the laser beam refers to the constancy
or predictability of temporal and spatial variations in the
wavelengths of radiation. Temporal coherence means that the
wavelength of the laser will not change with time.e’33
Spatial coherence means that 1f a plane were drawn
perpendicular to the beam, a wave in the centre of the beam
would be in the same phase as a wave at the periphery of the

8,33 Figure 5 1llustrates the concepts of temporal and

beanm.
spatial coherence.9
The coherence of a laser beam is not perfect, and

8,33 The

spread of the beam occurs due to diffraction.
temporal coherence is a measure of the length of time the
beam emitted will remain monochromatic and 1s calculated by
T = 1/hv. T is the coherence time and hv 1s the frequency
spectrum width. The distance travelled by the beam during

the coherence time is referred to as coherence length. This

is calculated by L = ¢ T. As the coherent beam exits the
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resonance cavity, the beam will immediately start to spread
and, as previously mentioned, primarily by diffraction.
Beams which spread only as a function of diffraction are
known as diffraction limited beams.8 The distance the beanm
will maintain parallelism 1s a measure ¢f spatial coherence.
This 1s calculated by the equation L = D2/2.44* , where D 1
the dianeter of the beam as 1t exits the resonance cavity
and A is the wavelength of the beam.‘:'3

The power of a laser relates to the rate at which
energy 1s produced. The energy of a laser relates to 1ts
ability to do work. These two properties are measured 1in
units of watts and joules respectively, and one watt eguals
one joule per second. The intensity of the laser 1s related
to the power of the laser beam and the beam's cross-
sectional area. Intensity 1s expressed as watts/cmz.30

The volume of the active laser material or the density
within the laser medium is proporticnal to the energy

9 3
output. Solid laser media are typically 3 x 101' atoms/cm

and gas lasers 3 x 1016 to 1018/cm3. Due to the activation
of atoms necessary t¢ induce a laser beam, the initial
output power 1s not proportiotal to the input. Once the
threshold level achieved, a linear relationship exists
between the two.

The duration of the beam is dependent upon the
characteristics of the laser medium and the laser producing

device. Lasers can be continuous wave, pulsed or

O-switched. OQ-switch refers to a system where the quality
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factor (¢ factor) of the reflectance within the resonance
chiamber can be switched from low reflectance to hlgh.8 This
prevents laser oscillations for a brief instant while in the
low Q mode. During this period an overpopulation in the
metastable state occurs, therefore storing an enormous
potential power. When turned to high Q mode, stimulated
emission will rapidly occur producinc an intense beam.8
Continuous wave 1s an uninterrupted beam, and pulsed beams
are achieved by interrupting a continous wave such that a
number of pulses are emitted per second.
Helium-Neon Lasers

Helium-Neon (He-Ne) laser is a gas laser system
consistang of 85% helium and 15% neon. This combination
will allow f£or stimulated emission to occur from over forty
distinct tran31tlons.33 The original He-Ne lasers utilized
a transition wavelength of 1152.3 nM which 1s within the
infrared spectrum. Subsequently, another transition has
been se.ected within the red visible light spectrum:

632.8 nM. This 1s the wavelength of He-Ne laser most

frequently used today.8

The mechanism for He-Ne laser generation requires that,
via a direct electric current, helium atoms are pumped from
a ground state to excited state. The energy within the He
atom population becomes coupled with the Ne atoms. This
occurs when a metastable He atom collides with a ground

33

state Ne atom, resulting in stimulated absorption. This

can be expressed by the egquation He(3s) + Ne ~ Ne{2s) + He.
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Since direct stimulation of neon from ground to excited
states 1is not easily possible, population inversion must
occur between the neon and helium metastable states. The 3s
metastable state is within 0.15 eV of the 2s metastable
state of neon. The energy transitions hetween the 2s levels
and the 2p levels of neon cause photon emissions. The most
intense line of radiation being at 1152.3 nM.

Conversely, the 632.8 nM wavelength of laser 1is
achieved by first exciting the helium atoms to a 2s
metastable state, then transferiring this energy to neon to
have a population inversion to a 3s metastable state. The
transition between 3s and 2p levels of neon will result 1in
the generation of photons with a wavelength of 632.8 nM.
This is represented by Figure 6.1q

The coherence length of a He-~Ne laser ranges from 1000
meters to 105 km. The coherence of the laser beam has been

related by some authors to provide the biostimulative effect

of He-Ne rad1at10n.3o
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for stimulated emission at 632.8 nM and 1152.3 nM.
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When laser is directed at tissues, biological changes
occur These changes are related to primarily two basic
forms of interactions with living matter: thermal reactions
and photochemical reactlons.lo’l6

Thermal reactions cccul’ as a consequence of photons
penetrating tissue and transferring their energy to the
cell. The cells through multiple absorption processes
transform the laser energy into heat. The degree to which
this reaction occurs depends upcn the type of laser, 1t

-

enerqgy and pcwer output.l‘ Sowme lasers, such as the CO2
laser., have been cdeveloped with specific attention to the
thermal reaction and in particular its ability to 1ncise or
cauterize tissues. The energy absorption of laser in the
visible light range by tissues varies with the tissues
intrinsic optaical characterlstlcs.ll Tissues are not
homogenoeous structures. Thus, the varying optical
densities encountered will have varyinj absorption of laser
energy. The intensity of thermal reactions of lasers in
tissu2s 1s dependent upon a nhumber of variables:

1. the absorption, refle:ztion, and transmission of

the tissues at the laser wavelength;

2. the power density of the laser beam:
3. the speed of incision or time of exposure;
4, the volume and the flow velocity of local bloucd
vessels;
5. the degree of tension at the area of incision when
11

cutting 1s used.
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Dependent upon the thermal damage initiated by the
laser expostre, one >f three possible processes may occur,
These 3re immediate death, delayed death and transient
alteration of the functional state and repair. When the
latter 1¢ encountered the repair can r1esult in either full
functivnal or partial recovery.16 The fc¢1 1+ a particular
tissue reacts to laser 1s also dependent on biological

parameters as well. These 1include:

1. the degree of cell differentiation;
2. the mitotic rate;

3. the state of metakolism;

4, the temperature;

5. the reacticons of surrounding cells.16

In general, the greater the degree of mitotic rate the
less time 1s available for DNA repair which make these cells
more sensitive to the thermal effects of laser. The cells
with a greater degree of differentiation such as muscle
celle or nerve cells tend towards a state of decreased
functional ccmpetence after exposure. The cell biologists
tern. this dedifferentiatiocn. The higher the level c¢f
metabolic demands a cellular structure requires for
maintenance of cellvlar integrity, th emore sensitive 1t
will be to thermal effects. Howevelr, those cells that are
111 close approximation to blood vessels have a better chance
of survival. This 1s related to greater access to
substrates for cellular repair and better rates of

elimination of toxic products.
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When the intensity of a particular laser is below a
level to induce thermal reactions, photochemical reactions
may occur. Again, some laser of low power output have been
specifically developed for this applications such as the
'soft' lasers He-Ne and Ga-Ar. These can induce a number of
cellular reactions which will be dealt with 1in detail in
subsequent sections of this thesis. In general, the
biostimulative effects of laser on living systems have been
attributed to the photochemical reactions which occur.

The basis of photochemical reactions is the
transferance of photon energy to molecules within the
tissue. This results in activation of molecules resulting
in chemical reactions. The mechanisms by which the
photochemical reactions induce changes is not yet understood

28 The interaction of laser light with a

living cell is illustrated in Figure 7.16

in its detail.
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light with a living cell.
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Wound Healing and the Production of Collagen

The healing or repair process of a wound begins as soon
as tissue is treimatized. This occurs in essentially the
same fashion be 1t the rerair of a small surgically-induced
incisicn or an injury creating a significant tissue defect.
The trauma initiates a series of events withan the tissue,
Immediately following the injury, hemorrhage occurs filling
the defect. Upon coagulation of the hemorrhage, a fibrain
clot forms containing many of blood's zellular components.
Elood vessels 1n the region thromkbose, contract and
ultimately disappezar from the injury site. Subsequently,
cells of varicus types invade the clot to revascularize,
remove cellular debris and repair via synthiesis, the

49

connective tissue =lements. The repalr process passes

through three non-~-distinct phases termed inflammatory,
proliferative and reorganization phases.53
The i1nflammatory phase cccurs immediately within the
emall vessels in the region of the injury. A marked
vasoconstrictaion occurs actually cccluding the vessels 1in
portions ¢f the inaured tissue. This response 1s, however,
short, lasting approximately five tc ten minutes. This 1s
followed bv a period of active vascdilation, where all
elements of the local vasculature appear to be dllatlng.49
The vasodilation appears to be 1inztially a histamine-
mediated event. The source of the histamine 1s primarily

mast cells. Histamine 1s also found within human platelets;

however, this low concentration 1s not believed to play a
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significant role in this wvasodilation process.53 The action
of histamine lasts for approximately thirty minutes. At
this point the local sources of histamines are depleted and
other permeability factors will maintain the vasodilatory
response in the injured region.

The other permesgbility factcrs are prostaglandins,
especially the prostaglandin E series, serctonin and kinins.
Serotonin acts on the venules to promote swelling and
rounding of endothelial cells in an action similar to
histamine, resulting in separation of the endothelial cells.
Kinins also act in a similar fashion, but because of its
rapid destruction by plasma and tissue proteases, 1t appears
unlikely it plays any role in the late vascular response.
The prostaglandins appear tc play the dominant role and are
produced within the injured tissues. Prostaglaandains have
multiple effects but its role in the maintenance of the
vascular response appears to be involved with the
displacement of membrane bound Ca++ altering the membrane
reactions and cellular permeabillty.49

Concurrertly, intra-vascular events are occurring.
Leukocytes and, to a lesser degree, erythrocytes and
platelets begin to adhere to the endothelial lining. The
process occurs predominantly in the venules. This acts to
plug capillaries, but since platelet-faibrin thrombi do not
form until later, this process can still be reversed.49 In

addition, changes are occurring within the endothelial

lining of these vessels creating leakage of fluids and



macromolecules into the extravascular tissue. The exudate
observed consists largely of polymcrphonuclear leukocytes,
macrophages, fibiin and free extracellular organelles from

a 9 3
13,49,52,53 The fluid

the disrupted inflammatory cells.
leakage occurs first. This 1s plasma and 1s not initially
associated with movement of the intravascular cells into the
surrounding tissue. Electron microscopy has demonstrated
physical separation of the endothelial lining cells exposing
the underlying kasement membrane to the luminal contents.
The leukocytes which have become "sticky" and adherent to
the endothelial lining now., by a process of diapedesis force
their way through *the basement membrane. This phencmenon
involves active mozion, and is not fully understood.49 The
holes created by the process now allow the passive mcvement
of erythrocytes through the basement membrane. As the
inflammatory exudate matures, polymorphcnuclear leukocytes
die and ares lvsed, the exudate assumes the character of
pus.49

These 1nitial changes are referred to as an acute
inflammatory process and lasts for appro:imately three days.
After this point the inflammatory process becomes more
chronic in nature. This 1s marked by a change in the
predominant cells from granulocytes to mononuclear cells or
monocytes. These cells differentiate 1nto macrophages and

17,49 The1r role 1s to function

become actively phagocytic.
as scavengers of those materials within the injured tissue

that are not readily solubilized by enzymes released by
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granulocytes. Some of the monocytes coalesce and become
multinucleated giant cells whereas others will differentiate
into histiocvtes, and in some instances epithelioid cells.49

Shortly after the injury to the tissue is sustained,
undifferentiatad mesenchymal cells peripheral to the injured
49,52,54

site differentiate into migratory fibroblasts. This

marks the beginning of the proliferative phase of reparative
process. These fibioblasts move into tile injured site as
the macrophages remove the necrotic tissue and foreign
bodies. The fibroblasts require the presence of macrophages
to attract them to the injury site and promote their
maturation and maxaimal collagen syuthe51s.6’49
Fibrinogen is found in large concentrations in
inflammatory exudate and is converted enzymatically into
fibrin which 1s laid down as a network in the injured site.
This network acts as a scaffold for the migrating
fibroblasts. Although fibrin acts as a scaffold for
fibroblast migration. the large gquantities found in injury
sites can inhibit migration not only of f£ibroblasts but of
epithelial cells as well. The migrating fibroblsts are
closely followed by new capillary in-growth. The
endothelial cells of the capillaries contain plasminogen
activators which cause fibrinolysis of the fibrin network.
This process occurs coincidentally with collagen deposition.
In uncomplicated simple wounds, debris is usually removed by

the third to fifth day and by that time fibroblasts and

. . . 9
capillaries are invading the entire wound area.4 Capillary
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proliferation continues until about the eighth day post-
injury. The number of fibroblasts and capillaries in the
wound begins to decrease after this time until a steady
state of cell numbers is reached at about the fourteenth
day.s3

Fibroblasts not only have migrated but have also
proliferated. 1Initially, they manufacture and secrete
elements of ground substance inciuding protein-
polysaccharides and various dglycoproteins. At approximately
the fourth or fi1fth day post-wounding, collagen synthesis
commences and the prolaiferative stage beglns.49

During this proliferative phase, the fibroblast cell
population deesn't change appreciably. (ollagen, the
primary synthetic product, 1s laid down at a rapid rate and
epithelium moves across the surface of the granulating
wound. The proliferating epithelial cells secrete
collagenase which 1s important in controlling the collagen
content c¢f the wound.49 As fibroblasts come 1in contact with
the epithelium cells, they too become induced to synthesize
collagenrnase. This marks the beginning of the remodelling
phase.

The proliferative phase lasts approximately two to four
weeks. This depends upon the size and location of the
wound. As this phase terminates, the new capillaries which
had proliferated into the wound start to regress and

diminish in numbers from the wound site. The glycoprotein

and mucopolysaccharide content decreases concurrently as
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does the number of synthetically active fibroblasts.
Eventually the collagen synthesis decreases to a point to

49,33 Once this is

balance the ra*te of collagen destruction.
achieved the reorganization or maturation phases is then
fully underway.

buring the maturation of the scar tissue, new ccllagen
fibers are beaing laid down and others are being digested and
removed. Ultimately, the fibers which remain in the scar
are those oriented along the lines of tension. Some
interweaving of fihers takes place which greatly enhances
the tensile strength of the wound edge. The arrangement of
the fibers within the dermis of an injured site 1s quite
different from the surrounding uninjured dermis. With age
the scar remodels. Fibers and fiber bundles become more
condensed and packed, which aids in positioning individual
collagen polymer chains so that intermolecular covalent
bonding and c¢ross-linking can take place. This 1s achieved
by the loss of water and mucopolysaccharides from the wound.
The cross-linking and interweaving of collagen fibers make
the scar resistant to stretch. This is further demcnstrated
in wound strength studies of ruptures of incision laines
where 1t has been demconstrated that five days post-incision,
rupture cccurs precisely at the location of the original
incision. At days 14 to 21 rupture almost always occurs
lateral to the l:ne of incisaion, perhaps 2 to 3 mm on either

s1de of the central scar in a line differentiating the wound

40
from normal tissue.
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The type of collagen laid down will also vary during
the healing process. 1Initially, the collagen within the
scar resembles type III or embryonic collagen with large
concentrations of hydroxylysine. During the maturation
process the Type III collagen 1is replaced by Type I collagen
demonstrated by an increased concentration dihydroxylysino-
norleucine cross—llnklng.49 This 3suggests that when a
fibroblast 15 first activated, by modulation from
undifferentiated mesenchymal cells, the genes responsible
for Type II1II collagen synthesis are actlvated.49 As
maturaticn occurs this gene 1s suppressed and activation of
the gene vresponsible fcr Type I collagen occurs. Failure of
this suppression of yenes responsible for Type III collagden
can result in Lhypertrophilc scar formation.3q

In summary, the healing ¢f the normal incisional wound
1s divided into three plases: inflammatory, proliferative
and maturation. The i1nflammatory reaction prepares the
wound for subseqguent healing by removal -f bacteria,
cellular debris and necrotic tissue. <Coucurrent
mobilization of faibroblasts, epithelial cells and
accumulation of proterns and glycoproteins occur. This
leads to the formation of fibrin and a framework for further
fibroblast migration. During the prolifevative phase, which
begins at about day six, collagen synthesis and the
deposition c¢f mucopolysaccharides and glycoproteins 1s

initiated. The collagen is first secreted in monomeric form

but subsequently 1s formed into fikers. At this point a
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rapid i1ncrease in wound strength is exhibited. At
approximately day fifteen, increases in collagen
concentration in the wound ceases. However, a steady gain
in tensile strength is noted. This 1s due to two factorvrs:
one, intramolecular and intermolecular cross-linking of
collagen fibers, and two, remodelling by dissoluticon and
reformation of collagen fibers to give a stronger more
efficient weave.49 There 1s no sharp demarcation between
the end of the proliferative phase and the beginning of
maturation. In actuality a significant amount of overlap is
present.49 The maturation process may reqguire six months to
a year to complete.

In order to appreciate the means by which laser can
effect collagen synthesis, one has to understand the
mechanism by which collagen synthesis occurs. At the time
of injury, it is thought that a metabolite or a diffusable
extracellular material blocks a normally present repressor
substance within the f1broblast.49 This allows for the
synthesis, within the nucleus, of messenger ribonucleic acid
(mRNA) from a deoxvribonucleic acid mclecule (DNA) template.
The DRA template provides a nuclectide sequence to the mRNA
to act as a blue-praint for the synthesis of a particular
type of protein, in this case collagen being the end
product. The template 1s comprised of a particular sequence
of purine and pyrimidine nucleotides which will specify the
amino acid sequence of the collagen. The mRNA within the

cytoplasm becomes associated with a ribosome on the surface
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of the rough endoplasmic reticulum. This ribosome also
contains protein and an RNA. It 1s here that the RRNA
nucleotide sequernce 1s translated into an aminc acid
sequence by selecting a spec.fic transfer RNA (tRNA) with
its intrinsic amino acid sequence corresponding to the
sequence ¢f nuclsotides 1n the mRNA. The tRNA contains the
nucleotide sequences specifying one particular amino acad.
The synthesis of the polypeptide chain (pre-procollagen) 1s
initiated at the amino terminal end and proceeds 1n a
stepwise fashicon toward the carboixyl *terminal end. Once the
terminal nucleotide sequence of tlhie mRNA has been
translated, the desired pclypeptids chain Lz detached rom
the ribosome 1into the cisternae of the rough endeoplasmic
reticulum and then from here tc the Golgi apparatus for
glycosylation of the hydroxylysine residuss. These
pelypeptide chains are the precursor of collagen.
procollagen and specifically alpha chains. The transfer of
procollagen from rER to Golgi apparatus is via small
transfer vesicles which bud off the rER cisterna and fuse tu
the golgi apparatus. Within the Golgi apparatus the
flexible alrha chains are unraveled and are arranged into

14,060 These

triple helices characteristic of procollagen.
rigid parallel threads aggregate into relatively thick rods.
As the rod 1is brought to the surface by the Golgi apparatus,
the amino-terminal and caroxyl-terminal propeptides to each

alpha chain are cleaved off enzymatically. This 18

performed by extracellular proteases and the procollagen 1is
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converted to tropocollagen which will spontaneously be
arranged into collagen fibrils.34’46 Thus, procollagen is
secreted onto the surface of the fibroklast where the
proccllagen molecules will be trimmed down to size, kecoming

tropocollagen molecules that will in turn be arranged into

collagen fibers.”’qb’60
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Research into the Biostimulative cts © W y aser
Radiation

The majority of the initial research into the
bicstimulative effects of low energy laser radiation (soft
laser) had been developed by tlie Eastern Bloc countries, in
particular the Soviet Union and Hungary. Mester's work in
the late €0's 1initiated 1investigations into> the
biostimulative effects of soft laser. Subsequently, a large
body of literature has been written in a wide range of
specilalty pursuits: dermatology, orthopedics and
stomatology. In the last decade researchers in Europe, the
United States and Jepan have started investigating
biomedical applicaticns of soft laser.

Mester's work spanned the time of the late sixties to
his death 1n 1924, During this period he reported
extensively on the biostimulative effects of soft laser
sources. His 1nitial wnvestigations were using ruby laser

383,39

$94.3 nm. In his first reported exper.ment he

investigated the effect of different amounts of exposure of

39

laser on leukocytes ability to phagocytose bhacteria. one

-
b

group exposed to 4 J/can” showed significant impairment of
this abilaity to phagocytose when compared to the contrel;
whereas the second group exposed to .05 J/cm2 showed a

significant increase in phagocytosis when compared to the
control. A second experiment investigated the effects of

low energy laser on Ehrlich ascites tumor cells in vitro

, . 38 ,
when 1injected into mice. He radiated Ehrlich ascites
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~umolr cells with .2-1.0 J/cm2 for 5 milliseconds prior to
injection into five mice. A second set of five mice acted
as the control and were 1injected with non-irradiated Ehrlich
ascite tumor cells. At 15 days pest-injection the radiated
tumor cell group had significant weight gains as well as
increase i1n the volume of ascites and number of tumor cells
when compared to the control Jgrcup. From this he concluded
thiat low dose laser radiation stimulates Ehrlich ascites
tumor cells.

In another experiment Mester observed that low doses of
lacser would stimulate hair growth in depilated mice. If,
however, these mice were then exposed to hhigher doses of
lasers, the stimulatory effect on hair growth was lost.38

When investigatring the biostimulative effect of ruby
laser (694.Z nm) of varying intensities on third degree
weund burns on mice, Mester observed a dose dependent
phenomena. The animals had bilateral burns produced on
their dersums at kidney level and functioned as their own
coatrol. The mice were then divided into five groups of ten
animals and radiated at one burn site with .5, 1.0, 4.0, 5.0
and 10.0 J/c:m2 respectively. The results showed a marked
stimuiation of healing occurring in the 1.0 J/c:m2 group.

The remaining four groups cshowed either no noticeable z2ffect
or non-~-significant stimulation of heallng.43

Later, Mester investigated the effect on collagen

synthesis in response to low energy laser radiation. This

he did by comparing the uptake of radicactive amino acids in
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healing incisions in rats. A total dose of 4 J/cm2 was
administered to the surgical site. This was accomplished by
the delivery of multiple flashes of radiation ranging from
1-4 J/cm2 with flash duration of 100 microseconds (1.e. 2 x

2 J/cm2, 4 x 1 J/cm2

). From this Mester observed a 30-50%
increase 1n collagen production in the laser treated wounds
when compared to the centrol. He nypcthesized that this was
due to either increased enzymatic activity or greater
amounts of enzymes released by the organelles.37

Kovacs, a fellow Hungarian and cc-worker of Mester,
investigated vessel regrowth in rabbit ear chambers. After
18 days thz ear chamber exhibited 57% »f the svrface area of
*“he radiated chamber was revascularized whereas only 8% was
noted in th2 ncen-rauiated group. He thecrized tnat the
radiation may be directly activating injured vessels 1n the
regicn or that macrophages were stimulated to phagacytose

24

faster, thus c¢learing the way for new vessel ingrcwth,

Kovacs and Mester than looked 1into wound strength, once
having demonstrated biostinulative effects on phagocytosis,
vessel formation and collagen Zornation. Incilsions 2.5 ¢cm
in lengtli were made on the dorsum of 48 experimental and 48
control rats. The wcunds were primarily closed and
maintained by two skin clips. The experimental animals weire
radiated twice per day for three minutes using 5 mW He-Ne
laser. The experimental and control animals were then

sacrificed on days 3, 5, 8 and 12 in groups of 12. After

the clips were removed, the tensile-strength developed by
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the wounds were investigated. Although unable to explain
the effect they noted significant increases in breaking
strength of the esperimental groups sacrificed on the fifth,

2
e1rghth and twelfth post-operative days."5

After exhaustive animal experimentation, human
experimentation was 1nitiated by Mester. The purpose of his
1hvestigation was to determine whether laser caused a
systemic effect o1 not. It was observed that laser
radiation of crural ulcers generated healing not only of the
radiated ulcer but as well as non-radiated ulcers elsewhere
on the patient. To investigate this, 20 patients receaived
He-Ne laser of 50 mWw to their crural ulcers twice a week
with 1 J/cm:. Blood was drawn prior to the first radiation
and after each subsequent treatment assessing complement
activity, serum protein guantity and quality and the
presance of auto-antibodies. The results obtained showed
the presence of no auto-antibodies, before or during the
laser therapy. However, changes were observed in complement
levels and immunoglobulin levels. These observed changes
were Jifferent between cases which responded to radiation
and those which did not. In the group responding to He-Ne,
complement levels were normal. However, serum IgM rose
significantly after five treatment and then over subsequent
treatments fell to just above pre-treatment levels.
Conversely, IgG levels fell after five treatments and then

increased to above pre-treatment levels. Patients with
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resistant ulcers displayed the opposite trend. It was
concluded that the success of the laser therapy seemed to be
related to normalizing the humoral immune response.41
Mester followed this with more in vitrc studies using
varicus laser sources, Argon, Ruby and He-Ne, with a wide
range of wavelengths and exposure enerdgies on B and T
lymphocytes. He observed direct laser radiation damage on
both T and B lymphocytes 1in proportion tc¢ the energy applied
to them. Energies greater than 2-5 J had a cell-destructive
effect, whereas energies up to 1 J had different effects on
difterent cells. The least destructive wavelengths to
lympliocvtes were between 42 and 501 nM, and all radiated
lymphocytes demenstrated shorter life spans. From this lie
hypothesized that laser radiation cauced suppression of some
unknown but undesirable immunoreaction in immune competent
cells resulting in stimulated healing.“'42
Later research by Mester investigated the effect of
He-Ne laser on prostaglandin synthesis. After arradiataing
skin wounds 1in rats witlhh 50 mW He-Ne at 1 J/cm2 he observed
elevated prostogiandin PGB? and PGF2 levels 1n the
experimental gronp four days pest-irradiation. After eight
days the PGF, levels were further elevated whereas the PGE,
levels had started to decline and had returned to near
normal values. He hypothesized that the increased levels of

these prostaglandins may be related to the biostimulative

effect of He-Ne laser.
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Prior to his death, he designed a model to explain

laser biostimulation on many different bioclogical systems

36
which 1s as follows:

"The electric tield strength, of the linearly
polarized light, changes the conformation of the
lipid bilayer of the cell membrane. It reorders
the polar heads of the lipids by electron polari-
zation. As a consequence of this conformational
change 111 the cell membrane, changes 1n lipid
protein ccnnections may occur. These changes in
the conformation of the cell membrane may
influence every process connected to the cell
membrane. This includes energy production of the
cell, immunological processes, activation energy
of enzymes and active transport. The membrane

2
plays the role ¢f a biological amplifier."“6

Subsequent experimentation by Kovacs and Kubasova
attempted to validate Mester's hypothesis that a change in
the lipid bilayer cell membrane was respounsible for the
biostimulative effect of soft laser radiation. Under the
scanning electron microscope no micromorpholigical changes
in the plasma membrane were noted in response to doses of 1
J/cm2 or S J/'cm2 of He-Ne. Functionally, changes were
cbserved. The longer the course of laser radiation, the
decreased ability of the fibroblasts to bind lectin and the
surface charge become more negative with repeated exposures.
Therefore 1t appears that repeated laser radiation exposures
caused functional not micromorphologic changes in the plasma

.
membrane of fibroblasts.<®
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A review of the Soviet literature was written by
Mikolai F. Gameleya7 1n Laser Applications in Medicine and
Biology. 1In this a number of applications of soft laser are
described. The topics were extensively covered including
the following: aphthous ulcers, periodontitis, burns,
indolent anrd trerhic ulcers, hypertension, rheumatoid
arthritis, endarteritis obliterans, basal cell carcinoma and
precancerous skin changes, and bronchial asthma. Although
the clinical applications of He-Ne laser were interesting
and displayed promising results, the means by which the
results were obtained were generally unscientaific.
Guidelines for dose inteusity and duration of therapy are
frequantly not given, or when given, are confusing. These
experiments can, however, under stricter sc¢ientific controls
provide impetus for further research. Wwhen i1nvestigating
chronic recurrent aphthous ulcers in 60 patlents radiated
with 20-25 mW He-Ne laser, patients reported after several
therapeutic sessions an analgesic effect, and the aphthae
apparently healed faster than usual by several days. On
subsequent recall one yeal later, 11 patients had no
recurrence and the remaining had less frequent and less
severe recurrencas than previously experienced. In the
treatment of periodental disease, significant improvements
1n patients radiated with He-~Ne laser in conjunction with
traditional treatment modalities (1.e. scaling and

curretage) was demonstrated. It 1e difficult to assess the
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validity of the results as no controls were used. As well,
no power densities, duration and frequency of radiation were
reported.7

Burns of varying depths were investigated in 3¢
patients. These patients were classified on the basis of
their injuries into 12 superficial burns, 12 deep burns, 6
controls with superficial burns and 6 controls with deep
burns. The burned areas of the experimental groups were
irradiated on alternate days with He-Ne laser .1 mW/cm2 for
5-10 seconds for a total of 10 sessicns. They observed in
the deep burn patients eccelerated re-epithelization and
granulation tissue forma+tioa after five sessions. Also
observed 1n both experimental groups, were 1ncreases 1ni
total numbers of neutrophils presgent in the wound and the
rate ¢f phagocytosis was markedly enhanced.7

Similar findings were reported in studies which looked
at chronic indolent ulcers, ulcers resulting from x-ray
1radiation, and infected ulcers. oOverwhelming positive
responswes to He-Ne laser were encountered with
epithelialization occurraing in most cases with a positaive
si1de effect of pain relief. Nc¢ adverse effects of He~Ne
laser were observed on clotting system, blood cell counts or
Kidney function. One study reported erythrocyte
sedimentaticn rate and leukocyte count decreases with
erythrocyte i1ncreases. In addition, this study demonstrated
that bleeding and clotting times decreased and all classes

of i1mmuncglobulins except IgM were increased. When
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investigating the response of infected wounds to He-Ne
laser, it was noted that increases in granulation tissue
formation and epithelialization occurred. Also observed
were decreases in edena, pus discharge, and fewel remaining
bacterial species. In addition, increased numbers and
activity of monocytes and macrophages were observed in
cytological specimens.7

A1 area of investigation where, in general, limited
success was observed the application of He-Ne laser to
appropriate acupuncture points in the treatment of
hypertension. Several studies were sited with varying
cegrees of success. In a single study report=d on He-Ne
laser therapy for bronchial asthma in 21 patients, favorable
results were obtained. He-Ne laser of 25 mW was applied to
several acupuncture points daily for 40-60 seconds for 10-20
sessicns. Patients veceived 1-3 courses of treatment with
interveuing periods of 1-2 months. All the patients
experienced favorable i1mmediate results with 10-30%
improvements in vital capacity aind return to normal of
inspiratory reserve volumes. No changes were encountered
with the expiratory reserve volume and during their reported
s1x month follow-up only two patients with severe bronchial
asthma had exacerbatlons.7

When used to treat rheumatoid arthritis the two
articles reported had positive results. They reported that

nearly all patients had benefits of He-Ne laser applied to
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the affected joints. These benefits included decreased
dascomfort, increased range of motion and increased strength
of the affected ]oint.7

Again, using acupuncture points, 23 patients were
treated for endartitis obliterans with He-Ne laser.
Treatment with He~Ne laser at a power density of 10-12
mW/cm2 for one to several minutes was continued for twenty
days. Patients encountered side effects of mild dizziness
and increased pain and cold sensation in affected limbs
after several treatments. These symptoms subsequently
subsided and the pain associated with i1ntermittent
claudications 1mpr3ved.7

Soviet researchers have also investigated the
application 2f He-Ne laser in treatment of basal cell
carcinomas. dyskeratoses, hyperkeratoses and acanthoses.
Favorable results have been obtained in one study which
dealt with basal c¢ell carcinomas between one and thiree
centimeters i1in diameter. Treatments to a maximum of 40 mw
were carried out over 3 3-4 week period with +the laser and a
photo sensitizing dye to intensify the light radiation on
the lesion. This led to complete disappearance of the tumer
and during subsequent follow-up periods, o recurrences were
observed.7

By the early 1980s, European and Japanese clinical
groups started investigating scoft laser as an adjunct
therapeutic tool. After interesting findings with

application of He-Ne laser to acupuncture points as
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documented by Soviet literature, several studies appeared in

4,21,62 . . : iin e
Like their Soviet counterparts,

Western literature.
these studies were poorly controlled but again appeared to
be beneficial for treatment of head and neck pain. There
was observed infrequent side effects reported in one study
of nausea and vertigo,21 similar to those experienced by
patients when receiving traditional needle acupuncture
therapy. When applied to controlling pain associrated with
temporemandibular joint dysfunction, limited success could
be directly attrabuted to application of He-Ne laser to
appropriate ear pcints. The patients received conmprehensive
treatments which included, in addition to laser radiation,
splint therapy, relaxation technigues and correction of neck
posture.

In recent years, the dental profession has, on the
basis of the biostimulative effects of He-Ne laser, embraced
the soft lascer as an adjunct to conventional therapi=s.
Little scientific data exists to justify the wide range of
applications such as: alveolites, oral ulcerations, herpecs
labialuis, periodeontal disease, periccoronitis, pulpitis,
nausea induced by dental procedures, and as an anti-
cariogenic measure.7’27'29'45’61’63’64 Apparently, this 1s
more the product cof gocd marketing as opposed to sound
science.

Positive findings were reported in a case report of

application of laser radiaticon to a fractured pelvis. A

He-Ne laser optical conductor had a stainless steel needle
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adapted to its end to allow for direct exposure of He-Ne
laser to a fracture line. The experimenter made the
observation that the biostimulative effects of He-Ne laser
stimulated the osseous tissue in the fracture site.58

Another area of investigation of soft laser has been in
the treatment of venous leg ulcers. These ulcers were
treated with daily administrations of He-Ne laser €32.8 nm,
G days a week at energy cdensities of 1 J/cm2 and 4 J/cm2 in
16 and 17 patients respectively. The control group of 28
received antiseptic local compresses. When the experimental
groups were compared to the control no enhancement of
healing was observed in the irradiated group. The author
therefore concluded that low dosage He-Ne laser irradiation
had no advantages over more traditional local therapies.

The animal resea.ch 1n the early 1980's focused around
repeating under stricter scientific controls the earlier
experiments of Mester. Waidelich and hig experiemental
group were amongst the first in Western literature to repeat
the findings and expand upon them.

Waldelich's initial experiment investigated the effect
of He-Ne laser on granulation tissue formation in full
thickness skin defects in rats. A standardized skin punch
was used and the defect maintained at 15 mm diameter by
placing a ring attached at its lower end to the muscle
fascia. The wounds were 1irradiated with He-Ne laser at
energy densities of .5. 1.5, 4, 10 and 20 J/cmz. The

duration cof exposure was altered such that the power density
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was 50 mW/cm2 per exposure. A control group of equal si:ze
had the same defect created, but were not irradiated. The
He-Ne laser exposures of the experimental group were
performed on a daily basis for ten days whereupon the
granulation tissue within the ring was removed and weighed.
The laser exposed dgroup demonstrated a statistically
significant increase in granulation tiscsue accumulation, a
13-24% increase 1h the experimental droup was observed over
47

the control. Next, repeating the same experimental
design, but substituting in place ¢f laser inccherent light
of 4 J/cmz, a smaller degree of increase in granulation
tissue was observed (10%) i1n the experimental group as
compared to the control.47

A clinical animal study was undertaken by McKikbins at
the Wheatley Farms. The study locked at 90 race horses with
bowed tendons, when tieated with H=-Ne laser. Although no
control was incorporated and results were straictly on
observation, 1t was noted that uot ¢nly did the horses
undergo a sherter recovery period and race within similar

times and classes post-treatment, but they became healthier

without the necessity of operations, drugs and long layoff
25

e ]

periods associated with traditional methods of treatment.

Kovacs and his group demcnstrated significant increases
on breaking strength c¢f wounds when exposed to He-Ne laser
Using 96 rats, 48 control and 48 experimental, all animals
had 2.5 ecm incisions made on their dorsums with primary

closure achieved using 2 surgical clips Each experimental
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incisional wound was exposed to 5 mW/cm2 He~-Ne laser
radiation twice a day for three minutes. Twelve animals
were then sacrificed from both the control and experimental
groups on days 3, 5, 8 and 12 post-operatively. The
surgical clips were removed and the tensile strength of the
wounds determined. The breaking strength of the
experimental groups was significantly greater than the
control groups on days 5, 8 and 12 post-operatively
demonstrating 29, 47 and 26 percent increases respectively.
Kovacs was unable to expiain the mechanism of this

phenomenon or why the maximal effect was demonstrated in the

)

eight day group.“5

suriuchak looked at the effect of low level energy
lasers on healing of full thickness skin defects. This was
accomplished by conducting four separate studies. The first
two studies were conducted to determine the effect of laser
radiation on circular full thickness skin wounds that closed
primarily by contraction. In study 1 eaight rabbits had two
skin defects created on their backs, each 16 mm in diameter
ancg 8 cm apart. One of the surgical defects was exposed
every third day for 30 min to a total dose cf 1.1 J/cm2 per
exposure., The non-exposed wound functioned as the animal's
own control. The eschar was removed from both the
experimental and control wounds prior to every radiation
exposure. The area of the wound was determin=d by tracing
the wound outline on 3a glass slide and measuring with a

polayr planimeter. Laser exposure was continued until 80% of
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the wound closure was achieved. Surinchak observed no

difference in the rate of wound closure between the control

and experimental sites.57

Using the same experimental format as in the first

study, a secound study was 1nitiated. This time 26 rabbits

were utilized and the total dose per exposure wags ltncreased

to 2.2 J/cm2 as well as the frequency to twice daily.

Again, no significant difference was observed between the

experimental and control wound sites in respect to wound

57
closure.

In his two subsequent studies
effect of different laser energies
at various times post-operatively.
looked at wound strength in rats.
incisions 6 cm 1 length were made

38 rats, then closed with surgical

Surinchak looked at the
on wound breaking stength
In the third study he
Full thickness skin

on the dorsal midline of

staples at 1.5 ¢m

intervals. The animials were then divided into two groups of

equal size, one as the experimental group, the cther the

countrol. The experimental animals

were expcsed twice a day

2

for three minutes for 14 days, receiving 2.2 J/cm” per

exposure. At day 14 the animals were sacrifi:ed, the

staples removed and a 1 cm wide by

5 c¢m long full thickness

skin tissue sample was harvested across the incisional line.

This was then tested for breaking strength of the wound.

This procedure was also performed on the control animals.

57

To determine 1f the laser radiaticn affected wound

strength several weeks post-operatively, 37 rats (19
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experimental, 18 control) were used in the same fashion as
in the 14 day exposure group, but now exposed for 28 days.
At day 2¢ the animals ayzin were sacrificed and tissue
samples harvested as previocusly described. Surinchak
ohserved in the 14 day study a significant increase in
breaking strength was observed .n the experimental group
when compared to the control. The 28 day study animals,
however, demonstrated no significant difference between the

57
experimental and control groups.”

His fourth study used full thickness skin wounds as in
study three. Forty-four rats were used, divided equally
1nto experimental and control groups. This experiment was
conductad to see if an increased total radiation exposure
affected breaking strength. The experimental animals were
exposed for 5 minutes twice a day to a total exposure dose
of 4.¢ J/cmz. At day 14 the animals were sacrificed and
wound strength investigated as in study 3. Increasing the
total radiant exposure demonstrated no statistically
significant increase in breaking strength in the
experimental group when compared to the control.57

Riendeau also luoked at the effect of He-Ne laser on
the breaking strength of incisional wounds as well as the
histoloeglcal characteristics of the wounds at the light
microscopic level. This study used 24 rats divided into
four groups of equal size. One group acted as the control

with three experimental groups. All animals had 3 cm long

Jorsalmidline incisions made and coapted with two 5-0 nylon




[

E2a)

48

sutures. On the fourth day post-incision, the rats in
ezperimental groups 1, 2 and 3 had their surgical incisions
exposed to He-Ne 622.8 nm laser at a power output of 5.4
mW/cm2 for 2, 3 and 4 minutes respectively. Ac day 14 all
animals, control and experimental, were re-anaesthetized and
breaking strength of the wounds determined after removing
the sutures. Tissue biopsies from the i1acision line along
an intact margin were also harvested. The animals wevre then
sacrificed. It was okserved that the brea.: ng strength of
the radiated experimental groups were significantly higher
than the ccentrol. Between the experimental groups
themselves ac sigrificant differencz was observed Hetween
the two and three minute expaesure groups. However, the four
minute exposure dgroup showed the greatesst incresase in
breaking streng:sh and was signifaicantly higher than the two
or three minute exposures. No observations were made at the
light micrescoplc level which could account for the
difference 1in breaking forces between the control and
experimental groups.5o

Hunter performed an experiment investigating the skin
healing in a porcine model exposed to He-Ne laser. The
reason for the porcine model was “nat the pig 1s a tight-
skinned mammal more analogous to humans than the previous
experiments performed on loose-skinned animals. Thece
animals tend to have a very elastic skin and a thin
subdermal muscle layer with few deep attachments. These

features allowed for rapid wound healing primarily by
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contraction. The experiment used two pigs; one received 30,
2 cm split thickness wounds placeu in two columns on the
dorsum at 2 cm intervals. The second pig had 32 incisions
made in a similar fashion. Twenty-seven wounds were chosen
at random and irradiated with a He-Ne laselr of 64 mWw output
power 15 seconds per day until wound closure was achieved.
This equated to .9¢€ J/cmz/day. The 35 ncn-irradiated wounds
functioned as ccentrols. In the first pig no differences in
wound healing were noted between the experimental and
coatrol incision:=. However, 1in the second pig 1t was
observed that the laser treated wounds were significantly
smaller between days ¢ and 16. Prior to this and
subsequently no distinguishable differences were observed
between the groups. From this 1t was concluded that there
were no lasting effzacts of low energy laser therapy in a
porcine nodel on wound healing.18 A problem with Hunter's
experiments 13 that the animals functioned as their own
controls, Many authors have observed rossible systemic
humoral effects and therefore animals cannot serve as their
own controls when using He-Ne laser.36’4o’41’42

Gretzinger investigated the effect of He-Ne laser on
human fibrobhlast migration in vitro. This was accomplished
by using si1x T-25 flasks which were innoculated with
fibroblastes and cultured until all £lasks had achieved a
confliuent wmonclayer c¢f cells. The confluence of the
cellular monolayer was disrupted such that a cell-free gap

was created. Three of the flasks were radiated once with a
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He-Ne laser for a total exposure of .c48 J/cmz. Cell
migration was monitored under a microscope by time lapse
videcotape for eightsaen hours.12 The experimental flasks
demonstrated a significant increase 1n distance of migration
at 6, 12 and 18 hours after the creation of the gap when
compared to the control. From this it was concluded that
He~Ne radiation stimulates the rate cof fibroblast migration
in vitro.12

Mester and Bostra, in separate studies using electron
microscopy, observed that He-Ne irradiated tissues
demonstrated structural changes within flbroblasts.s’37
After irradiation, the fibroblasts exposed to laser
demeonstrated intercellular alterations over non-irradiated.
In the irradiated fibrobla:zts' cytopliasm, considerable
hypertrophy of the secretory apparatus occurs. The rough
endoplasmic reticulum cisternae tiake up almost the whule of
the cytoplasm and Golgi apparatus can be seen in almost all
sections viewed. The mitcchoadria increase 1n number as
well as size.5 Within the intercellular matrix abundant
aperiodic collagen filaments can be observed. These changes
are consistent with earlier studies which found increases 1in

37

collagen synthesis.’ It was demcenstrated that the
production of collagen in laser treated wounds were 36-50%
greater than the controls. It was hypothesizced that the
effect of laser radiation 1s due to either increased

enzymatic activity or to the greater amount of enzymes

released by crganelles.
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Interesting results were obtained by Abergel in
fibroblast culture experiments. The cultures were exposed
to He-Ne arradiation at different levels of energy by
varying the time of exposure from 1-30 minutes and at
intervals of once or twice daily on several consecutive
days. The results indicated that a single or two
consecutive exposures at 24 hour intervals had no effect.
However, procollagen production was increased up to four-
fold 1n cultures treated with low energy lasers when
subjected to four consecutive exposures at 24 hour
intervals.1 In subsequent 1n vitro studies Abergel
demonstrated mcre profound results in terms of stimulation
of collagen synthesis in human £fibreoblast cultures. The
highest enthancement of 36-fold was ohserved with an overall
average 1ncrease of four-fold. The higher enhancements in
collagen synthesis were obtained from cultures which
inl1tially synthesized procollagen at relatively low levels
while lesser 1ncreases were noted in cultures which already
actively synthesized procollagen. The procollagen
production was monitored by the synthesis of 3H—hydroxy-
proline following incubation of the cultures with
3H—proline, and DNA replication was assessed by 3H-thymidlne
incorporation. The He-Ne laser treatment did not affect DNA
replication, therefore the procollagen increases could not
be explained on the basis of enhanced cell proliferatlon.2
It was also shown that the role of the thermal component in
laser effect was excluded by demonstrating no changes in

2

culture temperatures during treatment.’
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Saperia demonstrated elevated Type I and Type III
procollagen mRNA levels 1in cutaneocus wounds treated with
He-Ne laser.56 The results suggest that He-Ne laser
stimulates wound healing by enhancing procollagen gene
expression. In this in vivo study, the Type I procollagen
MRNA levels 1in the He-Ne laser treated group at day 17
demonstrated about a 6.5-fold increase. Lesser 1ncreases,
which were still stastistically significant, were observed at
day 28. The Type III procollagen m2NA levels i1ndicated that
at day 10, the Typs III procollagen mRNA levels were
approximately two-fold higher than +that in the untreated
contrcl wounds. More marked increases were noted at days 17
and 28. A concordance between Type I and Type III
procollagen mRNA levels could ke noted at days 17 and 28,
suggesting a cocrdinate regulation of the gene expression of
these two procollagens.56

wWhen He-Ne laser was applied to human embrye
fibroblasts at dosages of 1 J/cm2 via a single exposure, no
functional or micromorphological alterations of cell
surfaces were observed. However, when irradiating at 24
hour interwvals for five consecutive days to a total exposure
of 5 J/cmz, functional as well as surface charge changes ou

cell membranes were noted. Kubasova believed that these

laser induced changes on the cell suvrface can contrabute to

o
[a)

the strength of cell to cell contacts.
In a recent article Lyons compared wound strength and

collagen synthesis within incisional wounds in mice when
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exposed to He-Ne laser.“"1 The exposures were of five
minutes duration on alternate days to a total dose of 1.22
J/cmz. The tensile strength of the wounds treated were
csignificantly higher at one and two weeks as compared with
non-irradiated wounds. However, no statistically
significant difference was found at longer intervals (3, 4
or 8 weeks) post 1incision. This finding suggests
irradiation appears tc¢ accelerate the formation of
fanctional scar, but with time no difference between the
groups exists. When the collagen concentrations were
observed a significant increase was noted at two and four
weeks after laser irradiation. The accumulation of collagen
was not apparent at one week whereas the tensile strength
was markedly improved. This observation suggested that
additional facters result in the improved tensile strength.
These 1nclude increased crosslinking of existing collagen
molecules, 1mproved organizataion <f functional collagen
fibres, or other processes of extracellular matrix
production may be accelerated by He-Ne laser 1rrad1at10n.31

Within the literature a number of studies i1nvestigated
in vivo the effect of low energy laser radiation on full

13-20,22,25,39,43,57

thickness skin defa<ts. Early reports

indicated an accelerated rate of epithelial growth in

39,43 These findings were

response to l1ow doses of laser.
not without co.acern as Mester presents the question whether
the undoubtedly faster regeneration of the epidermis will

create a condition beyond the scope of physiologic repair
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which will lead to neoplastic changes. Subsequent
literature has not demonstrated neoplastic changes occurring
as a consequence of low energy laser stimulatzion.

Hunter and Surinchak demonstrated acceleration of some
aspects of wound healing in the early stages of wound
repair. They did not, however, feel that these findings
7

8,5

would be clinically 51gn1fi:ant.1 The laser treated
wounds in these articles demonstrated early gains in wound
contracture by day 14 and 16, however, beyvond this peint the
wound healing in *he experimental and contrel groups was
obrerved to be equal. The early signifizan®t gains in wound
healing are similar to those observed in other articles by
Ikeuchi and Kana, who demonstrated statistically significant
enhancement of wound repair between davs 3 and 12 post-

q 2
19,22 Ikeuchi i1nvestigated the response of the

operatively.
components of grarulaticn tissue to He-Ne laser irradiation
in full thickness skin defects. He found that. (1) the
results of tisaue hydroxyproline determination showed
significantly higher levels by day 5 in the laser tieated
group as ccmpared to day 14 in the untreated group,
suggesting an earlier healing reaction within the laser
treated group; {2} when looking at DNA determination. thlie
He-Ne laser treated group were hidher by day 2, zuggesting
earlier protein synthesis; and {(3) when looking at the scar
tissue histologically, the tissue within the He-Ne laser
group had collagen fibers arranged regularly with fewer
capillary vessels and fibroblasts, 1in general a more mature

9
scar than obserwved in the control.l
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In summary, the research intc biostimulative effects of
low energy laser 1s extensive and diverse. Many of the
original published experiments were poorly designed and not
readily replicable. This 1s particularly true of the early
Easternn European articles. Over the subsequent years bhetter
designed experiments have attempted to delineate the
biostinulative effects 1n both in vivo and in vitro studies.

hen looking at the bicstimulative dosage of soft laser

that will be most efficacious, recurring patterns ain the

-
literature occur. In vitro .05-1.0 J/cm”™ radiataion
37,41 42 L2 .
dosayges and in vaive 1-4 J/cm” radiation
k) fo 8 e
dosages“4’“”'7’4o’41 appear to deliver the most optimum

effects of biostimulation. In vitro cell cultures appear to

have a greater sensitivity to radiation with negative
influences demnonstrated to high dosage and repeated

exposures of radiation. In vivo, cells appear Lo tolerate

much higher dosages than their in vatro counterparts. This
may be directly attributakle to the physical modulation and
alteration of the laser radiation by overlying cellular
structures such as eschar, necrotic tissue, other cells and
epidermal amnpencages. Thus, the deeper cellular structures
receive lower levels of radiation.

Mester's contributicns to outlining areas of
biostimulation of low energy laser ars the most
comprehensive of any single researcher. Although some
experiments were poorly outlined the results justified

further investigations 1nto the effects he observed. Some
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of Mester's contributions include the observation that low
energy laser caused: increased phagocytic activity by
1eukocytes39, increased hair growth in depilated animals38,
and the phenomena of dose dependency for optimal
biostimulatory effect38. As well, he observed changes in
levels of prostaglandin synthe51536, and immuncoglobulin and
complement levels41 1n response to low energy laser
radiation. Of the greatest significance and most germaine
tce the thesis were his investigations of wound strength25
and collagen synthesis37.

Other authors have verified the increases of wound
25%,31,50,57

strengtl: 1n response to exposure of He-Ne laser.”

In an attempt to explain this finding, histologic

19,50 , 37

c
. o]
inves*tigations both at the light and electron
microscopic level were undertaken. Under the light
mizroscope few histologic changes were evident that would
) . 50
explain the observed increases in breaking strength.
Ikeuch1i observed changes consistent with a more mature wound
at earlier times in the laser exposed animals than in the
19
control animals. Riendeau hypothesized that increases 1n
wound strength may be related to increased collagen
formation and recommend=d further investigation into:
(1) the effect of longer single exposures <f He-Ne laser an
breaking strength- and (2) the changes in collagen c¢ontent
50 i
in wounds exposed to He-Ne laser. The electron
microscopic studies showed i1ncreases 1n size and quantity of

5,37

organelles responsible for collagen synthesis.
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Kubosova, however, felt that changes in cellular surface

charge was responsible for the increased breaking

ro

strength. 6

Abergel focused on collagen synthesis in his in vitro
StUdLES.1’2'3 He observed that 1in order to generate
significant 1ncreases in collagen synthesis mulitple
exposures of He-Ne laser were necessary. The earliest
slgnificant 1ncreases were seen after four consecutive
exposures at 24 hour intervals.1 Subsequent studies looking
at specifically procollagen demonstrated increased levels of
procollagen in response to multiple exposures of He-Ne
laser.:’3 The increase in procollagen could not be
explained on the basis of enhanced cell proliferation or to
a thermal component from the laser exposure.2’3 Saperia
demonstrated elevated Type I and Type III procollagen mRNA

levels 1n cutaneous wounds treated with He-Ne laser. He

suggested that low energy laser stimulates wound healing by

c
enhancing procollagea gene expression.”

Lyons Looked at both collagen synthesis and wound
strength in mice exposed to multiple exposures of He-Ne
135(—31‘.3l He observed increases 1n tensile strendgth of the
wcunds 2f the experimental animals initially, with no
demonstrable increases i1n collagen concentrataion. By the
point that collagen concentration increases in the laser
exposed animals was =vident, significant increases with

regards t¢ wound stength were no longer apparent. This

suggested two things: one, that He-Ne laser aprears to
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accelerate scar formation, and two, elevated collagen
concentration cannot be entirely responsible for increased
31
wourd strength.
In the literature, no one has attempted to demonstrate

in vivo 1f an extended single exposure of He-Ne laser would

cause an increased level of collagen concentration in a

surgical wound. All authors have used short

A~ D 2
wy; D,

intervall’ (maximum five minutes) and multiple
exposures {be 1t twice a day, once a day or alternate days)
to demonstrate their findings. This may be the result of
the in vitro studies demonstrating no increases in collagen
synthesis to a single exposure of He-Ne laser.1 This thesis
w1ll subsequently discuss the effect of a L6 minute single
axposure of He-Ne laser (total dose of 5.99 J/cmz) in

incisional wounds closed primarily in rats as 1t pertains to

the collagen concentration levels.
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Materials and Methods

In thies experiment 24 Sprague-Dawley rats with initial
weights ranging from 95 to 110 grams were used. The animals
were housed 1n a laboratory which provided twelve hours of
daylight, twelve lhours of darkness, and a maintained room
temperature of 23° ¢ at all times. The animals' diet
consistted of Purina Laboratery Rodent chow and water.

The animals were divided into six groups of equal size
consisting of four animals per group. Groups 1, 2 and 3
acted as contreol groups and Groups 4, & and 6 acted as the
experimental groups. All animals were prepared for the
surgical procedure by intra-peritoneal administration of

sodium penthothal (65 mg/cc), 0.06 ml per 100 gms of body
welight. After being rendered unconscious, a 5 xXx 3 cm area
on the dorsal surface was shaved using electric clippers.
The surgical site was then cleansed using 20% isopropyl
alcchol swabs. Under asceptic conditions. a 1.5 cm full
thickness skin incision was made in the central region of
the prepared area using a number 15 Bard-Parker biacde. The
skin lateral tec the incision was undermined to ensure
complete separation of the wound margins. The wounds were
then coapted using 5-C nylon suture material by placing
simple interrupted sutures at 5 mm intervals along the

surgical inciszon. This resulted in all animals receaiving

two interrupted sutures (Plate 1).
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Animal folilcwing 1incilesicn atd coartation

¢cf the surgical wound nercins.
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After the surgical procedures, the animals were
released to their cages and allowed to recover from the
anassthetic. on the fourth day post-incision, experimental
Groups 4, 5 and 6 were re-anaesthetized and their surgical
sites irradiated with He-Ne laser. In this experiment Soft
Laser 632 was utilzzed {(Plate 2). This 1s a helium-neon
laser which emits radiation of 632.8 nm with a maximum
output pcwer of 10 mW/cmz. The laser was conducted to the
surgical incision via a fiberoptic cord. The laser
radiation was delivered in a continous mode at a distance of
1.5 =m from %the skin suvface such that the surgical incision
transected the laser beam. All experimental animals
recelved sixteen minutes of exposure resulting in an energy
fluence of 5.92 J/cmz. Following the laser exposure the
animals were returned to their cages and allowed to recover
(Plate 3).

On day 6 post-incisicn, control Group 1 and
experimental Group 4 were re-anaesthetized, the surgical
wounds cleansed, sutures remcved, re-shaved and surgical
scar band =:ucised (Plate 4 & 5). This was accomplished by
making two parallel incisions, 1 mm on either side of the
previcusly placed incision line through the full thickness
of the skin. These incisions were released at their ends
and the scar bands removed, lysing any subdermal adhesions
as necessary. The tissue samples were labelled for
identification, wet weights obtained and then stored at

-20°% ¢ 1n individually stoppered test tubes awaiting




£*)

o
ro

Plate 2

o]
S»>ft Laser 632 (maximal powar output 10 mW,/cm”).

Plate 3

Anaesthetized animal receiving soft laser radiation

to the surgical site on day 4 post-inc.sion.
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coliagen concentration assay. After the harvesting of the
scar bands the animals were sacrificed by ether inhalation.
Harvesting of tilsesue was repeated on days 10 and 14 post-
incision on Groups 2 and 5 and Groups 2 and 6 respectively
(Plates 6,7,8,9}).

The tissue samples were then separately hydrolysed in
6 M HCY at 105° - for 20 hours. After being ccmplately
hydrolysed and then dried in a speed~vac, the samples were
diluted in Na buffer solution of pH 2.2 to 1 ng of tissue
residus per 10 ul =solution. From this a sample of the
zolution with hydrolvzed residue was drawn off and placed in
an amino acid analyser for spectrophotometric analysis
(Plate 10). The aminc acid analyser 15 calikrated to
identaify and guantifv the peak corresponding to
hydroxyproline which accounts for 14% of collagen. This
allows for darect comparison between the tizsue samples'
collagen content >n the basis of their hydroxyproline
con-centration as described by Kivirikko 63

The analysis of the data utilized independent-groups
t-test to determine the significance . f difference between
the control and experimental results. Th2 sariance of
values within each group were analyzed and the FP-values

determined. The statistical power of the test was

calculated following the method described by Lachln.6




Plate 4

Control woeund 6 days post-incisiol.

Plate 5

Exparimentas. weund 6 days post-1ncisgion,
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Plate 6

| cControl wound 10 days post-1ncision.

Plate 7

Experrmentat wound 1C dayse pcst-1ncisicl:.
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Flate 8

d3ays post-_nciaion.

Plate 9

Euxperimerntal womd 1lg day. post-1001 10n
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Plate 10

T1oned Am.nc Arid Analyse:z.
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Results
Collagen Centent Assay

The cellagen content within the tissue samples was
reflected by the amount of hydroxyproline measured.
Hydroxyprcline accounts for approximately 144 of the
compchernts constituting all ferms of collagen. The
distinctive pezak upon spectrophotometric analysis of
collagen dispiayed by hydroxyproline assists 1n 1ts
guantification within a known weight of tissue (Figuie 2).

The control Group 1 and experimental Group 4 had the
healing incisiors excised on day 5. For the experimental
group this corresponded to 2 days post-laser exposure. The
wet weights (Table 1) of the zTissue samples ware obtained
anc hyd:olyzing of the samples performed in a uniform
mannher. The control group had a mean value of

tandard deviation of .8522

w

hydrouyproline of £€.02 nm with a
and a minimum and maximum value >f 5.44 nm and 5.70 nm
respectively. The experimental group had a mean value o f
6.35 nm with a standard deviataion of 1 22 anad a minimum and
maxioum value of £.27 nm and 7.28 nm vespectaively., The
experimental group demonstrated a .22 nm higher mean value
than the mean of the coriespondaing control grcecup (Table 2.
The control Group 2 and ewxperinertal Group 5 had the
healing incisions excised on day 10 post-incision. This
represented 6 days post-laser therapy for the experimental
group, The mean value of hydroxyproline for the control

group was 6.61 nm wrth a standard deviation of .42¢, and
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Control Sample Wet Weight (grams)
Group at Day 6 Day 10 Day 1
1 .0631
1 2 .0334
3 .C40¢9
4 .0762
1 .0660
2 2 .0301
3 .0693
4 . 0492
1 .C420
3 2 .0658
3 L0570
4 L0830
Experimental
Group
1 L0722
4 2 .0531
3 .0650
4 .0656
i L0712
5 2 .0692
3 .0622
4 .0836
1 L0522
2 0620
6 3 0318
4 L0539

Table 1: The wet weights of tissue samplies harvested.
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Control Mean Values {nanomoles)
Group at Day 6 Day 10 Dav_14
1 6.07
2 5.89
1 s 6.70
4 5.44
6.03%*
1 6.05
2 6.91
2 3 6.97
4 6.52
6.61%
1 7.77
2 7.3
3 3 6.89
4 lost
—_ 7.32%
Experimental
Group
1 5.17
2 7.15
4 3 5.82
4 1.26
6.35*
1 8.13
5 2 5.49
3 9.00
4 7.56
7.54%*
1 7.57
6 2 lost
3 lost
4 lost

*mean

Table 2: The mean values of the hydroxyproline content in
nanometers. Note: "lost" samples are due to variation in
hydrolyzing of tissue samples which rendered them
unacceptable for direct comparisons.




minimum and maximum observed values of 6.05 nm and 6.97 nm
respectively. The experimental group had a mean value of
7.55 nm with a standard deviation of 1.49, and minimum and
maximuin value of 5.49 and 9.0 nm respectively. The
experimental c¢roup again demonstrated a higher mean value
when compared to the control »y .94 nm. Also noted was a
marked increase in range of values of hydroxyproline
observed within the experimental Croup 5 when ccmpared to
the control {Table 2).

The control Sroup 2 ard experimental Group ¢ had the
healing incisions excised on day 14. This represented 10
days post-laser therapy fcr the exparimental group. Due to
a hydrclyzing technique variation, one sawnple was lost from
the c¢ontrol group and three samples from the experimental
group. The values oktained were not utilized in the
statistical analyses, but dad folleoew a pattern «imilar to
the previously discussed groups. The mean value of
hydroxyprclaine for the control Jgroup was 7.22 nm with
minimun and maximum values of €.89 nm and 7 77 nm
respectively. The single superimental valdae was 7 77 um.
The experimental group maintained a marginally higher
hydroxyproline content when compaired to the contrel.
However, no appreciable increase from the previcus
experimental Group 5 {(Graph 1) was observed

The largeszt magnitude =single 1increase 1n mean values of
hydroxyproline was observed between experimental Sroup 4 and
5. An observed 1increase of 1 15 nm 1t the mean values war

noted.
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Statistical Analysis

In order to chose the right version of the test for
comparison of means, the equality of variances was tested
and F values were:

for bay 6: t = -0.564 (p = 02.6002)

for pay 10: t = 1.2019 (p = 0.3060)

The mean values of the control and experimental groups on
days 6 and 10 were compared uvsing 1independent-groups t-test
with the respective variances assumed to be equal as both F
values are non-significant. Both t-tests gave non-

significant results of.

for Day 6: F, 3 = 2.84 (p = 0.2985)
for Day 10: F3 3 12.35 (p = 0.0681)

However, the mean values in both experimental Jgroups are
l.igher than those in the controls. Moreover, the respective
F values show that standard deviations in the exXperimental
He=Ne lasel group. were substantially higher than those in
the contiols (three to five tines h.gher on Day ¢ and 20
times higher on Day 10). Thus the lack of significance may
ke partly due to the high variance 1n the He-Ne group and to
the small zample s1zes (N = 4 1n each group).

Therefore, the statis+tical power of the test was
calculated as described by Lachln.67 The power 1s
interpreted here as the probability of detecting the least
clinically important increase of 5% in hydroxyproline
content (1in comparison with the controls) due to exposure to

He-Ne laser by the test vf sgi1ze (N = 4) and significance
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level a = 0.05 (the relative increase of 5% corresponds to

0.3 nm in obsolute terms). For the powar calculations the

estimated pooled variances for the respective days were

used:

52 (6 days) = 0.660

5% (10 days) = 1.203

The power calculated tased upon the above assumption
(Zﬁ = 1.09) for Day 6 and 33% (ZB = 0.44) for
Day 10. The low statistical power of both tests, when

was about 14%

combined with the fact that the means for the laser group
were actually higher, indicates that a larger sample size

may lead to a significant result.
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Discussion
Numerous in vitro and in viveo studies have demonstrated
biostimulative properties of low energy laser on factors
related to the healing process. Of particular interest are
those studies which have demonstrated increased synthesis of

collagen either 1n vitro or 1n vivo as a cohcequence cof

He-Ne laser exposure. Mester37 was the first to describe
this finding and subsequent western studies by Abergel1 and
Lyons31 have supported his findings. However, 1in each
instance where elevated levels c¢f collagen synthesis was
observed the cell cultures or animals were exposed to
repeated doses of laser radiation over several days.
Abergel okbserved in vitro that in ordz2r teo appreciate a
change 1in collagen content repeated daily exposures were
necessary for at least four days.1 Subsequent in vivo
studies using exposure doses and intervals similar to
Abergel's have demonstrated elevated levels of collagen
content within healing wounds. A question left unanswered
by those studies is would = single exposure equal to those
doges necessary to cbserve increased collagen content have
any effect on collagen content within a healing wound? In
terms of a c¢linical situation, a single exposure would be
advantageous to both patient and c¢linician 1£f 1t was
demonstrated tc ke beneficial.

The present study was performed to look at the effect
of a single extended exposure (16 minutesg) dose (5.99 J/cmz)
of He-Ne laser (632.8 nm) on healing praimarily closed full

thickness skin incisions in rats.
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The laser administration was performed four days post-
incision on the basis of the fact that, according to
Peacock49 this point marks the beginning of the
proliferative phase of wound repair. This phase begins
between days three and five and extends to days 14 to 21.
Prior to this the inflammatory phase of healing 1is
predominant. Therefore, the assumption 1s made that if
elevated collagen content is the desired biostimulative
response to He-Ne laser, exposure to the laser 1is best
imnitiated when the wound has the appropriate cells 1in
pesition to do so, 1.e. three to five days after injury.

Lyons31 observed in mice that exposure doses of 1.22
J/cm2 administered on alternate days demonstrated
signhificant increases 1in collagen content after two weeks.
This would mean that an approximate cumulative dose of 8.5
J/cm2 was administered to the animals for a total duration
of approximately 2% minutes. This would appear to exceed
what 1s considered an optimum biostimulative dosage if it
was to be administered as a single exposure.24’25'37’40’41
The dose for the study was therefore selected to reflect the
higher limits of what could be considered biostimulative at
5.99 J/cm2 11 a single exposure and the length of time
necessary to obtain this energy fluence was calculated to be
16 minutes.

With no previous studies performed looking at the
effect of an extended single exposure of He-Ne laser on

collagen content to function as a guide, the times post-
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incision at which tissue samples were harvested were
selected to reflect a ciross-section of points within the

~ 47
Eroliferative phase of wound repair. Peacoch noted that
the maximum collagen content within a weund i: achieved at
appruximately day 15. It was bhelieved that the selected
days for tlssue harvesting of ¢ 10 and 14 davys poat-
1a¢l1sion would reflect a Ccrose section of the proliferat ive
pliase. If a sitgle exposure of Hz2-Ne laser on a wound at
the beginning of the proliferative plase of repalr was to
alter the collagen coatelnt withan the wiurd, the zele~ted
intervals would be able t¢ demonstrate 1f the effect was
sustained or transient.

From the data obtained within this ewperiment +<he n=an
values of hydroazyproline content within the exciced wounds
were higher i1n the experimental animals ar all intervals
observed when comparesd to their respective control gr.oug
{Graph 1). Uunfortunately, some samples 1n control and
experimental Grcoups at day 14 were lost, vendering then
unaccertable for statistical analysics. Evenn though the m=an
value. on Day € and 1C r=flected =2levated level <f <ollagen
contert (Table 2) within the experimental groups, the
increazes were detzrmined to be nol-significart. This wa:s
due to the smali sample si1ze (N = 4) and the higher degree
of variability within the e:perimental gronps (standard
deviations of 1.02 on Day 6 and 1.49 on Day 10;.

The response to a sindgle expcesure of He-Ne laser

appeared to be the most robust on Day 10 post-incision which
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equates to Day € post-laser exposure. The single Day 14
experimental result demonstrated ao further increase 1n
hydroxyproline content over the mean value of the Day 19
experaimental group. This observation suggests that the peak
cuollagen content ray have been achieved within the Day 10
expalimental group thereby demonstrating a more rapid wound
Lealing respolse to the He-Ne laser when compared to the
contrsl., This observation would be consistent with the

» o~ :,
7, Kena™" end sSurainchak”

{

f.ndings of Hunterls, Ikeachi

The higler degree of variability within the values of
the experimental groups may He partially a factor of
experimnental inconsistencies. In terms of the angle of
delivery of the lacer exposure, an atrtempt was made to
delaver “he laser uniformly at right angles tc the wound
surface. Minor varilation. existed due to slight alterations
11 the dactual wound placement. As well., some movements of
the sedated animals may have occurred altering the field of
exposure of the laser and the distance of the wound surface
to the lauer source.

25.2 0
8,50.56,57 Lave demonstrated

wound -trength studies

mcreases i1n wound strength in response to He-Ne laser
, , , 50
during the first fourteen days of wound healing. Riendeau
suggested this may be a consedquence of elevated collagen
e 31

content within a wound. Lycens™ ", however, in a subsequent
study founud that in response to multiple exposures of He-Ne

laser, c¢ollagen content was 1ncreased after the elevated

wound strength was no longer significantly different from
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the control animals. He concluded that the wound strength
increases may be due tc something other than increased
collagen content withizn the wound. Although wound strength
was not directly addressed 1n this study, 1f tle oncerved
trend of increased hydroxyproline content wn the lasel
exposed animal: 15 1ndeed correct, collagen format:.on and
content may be playing a greater r:le 1n early inorease. 1u

2
)

1
wound strength thal suggested by Lyons ~°

While demonzcrating a trend of elevation in
Lydroxypreline content witlhil healing wounds, the present

data 1: n»t statistically significant Thiis may be dues at

1]

least in pairt to the smal. s1ze. The fincdings do, lLowever,

!

sLPFoYt the neec £21v repeatil.g the experim=nut vt.lizing
lasger group si1zes where tlere may 1indeed be cignificant
differences ckserved. This would b2 a finding not
previously appreciated .n the literature and suggest bHroadel
aprlicat.ons of single exposnure He-Ne lasel as a therapeutri -

tool a1n wound repalrv.
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Summary and Conclusions

This experiment studied the effect of an extended
c1ngle exposure dose of He-Ne lasze1 {(£22.8 nm) on healing,
praimarily closed full +thizkness skin incigions on the dorsum
Jf youayg Sprague-Dawley rats. The wounds weres radiated with
He=Ne lasel of a £.99 J/cm: dose cver a 16-minute period,
four days after the initial full thickness sk.n 1ncisiol was
made. Tlhe wiilds were exclized cn days ¢, 10 and 14 post-
operatively and collagen conteat assayed by measuring
spectiopnotomesrically the hydroxyrroline content within the
excised wounds .

The mean values of hydrosyproline 1in all lasers 2xposed
groaps were observed tc be greater than those 1n the contuocl
animals . Howevel, no statistical significance could be
attributed t¢ tl.is finding due to (1) the small sample s1:ze
imvolved (W = 4), and (2) the high degree of var.ability
within tae resulte obtained in the experimental animals.

Thevrefore no conclusion can be drawn upon the effect £
a sihgle exposure of He-Ne laser on collagen content within
a healing wound. It does, however, suggest that an effect
may exit-t and indicates that the experiment should be
repeated with larger groups sizes 1n an attempt to

demonstrate statistical significance.
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