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p.bstract 

The effect of a s1ngle exposure of He-Ne laser on 

collagen content was studied in vivo using laboratory 

animaIs. A standardized 1.5 cm full thickness skln inc1sion 

was made on the dorsum of 24 Sprague-Dawley rats. The rats 

were divi~~1 1nto S1X equal Size groups, three groups 

functioning as controls and three groups functioning as 

The ex~er1mental animaIs were irradiated with 

He-Ne laser four days post-inCiSion fo~ 16 m1nutes to 

deliver a total dose of 5.99 J/cm 2 . On days 6, 10 and 14 

post-lDciSlon, control and experimental animaIs had the 

healing wounds excised for analysis of collagen content by 

assaying spectrophotometrically the hydroxyproline content 

within the tissue samples. 

The results of the hydroxyproline content were analyzed 

uSing independent-groups t-test and analysis of variance. 

It was demonstrated that even though the mean values of 

hydroxyprollne Wi thin the exper imental groups wel:e 11igller 

than the respective control groups, no statistical 

significance could be attributed ta thiS observation. 
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Resumé 

L'effet d'un slmple exposltlon du laser de type Hélium-

Néon sur le contenu de collagène à été étudIé .JJl YJ....'iQ en 

utIlisant des anImaux de laboratoIre. Une lnCISIon 

standardIsée de l'ordre de 1.5 cm d'épaIsseur a eté 

pl'atiquée sur la ~:urface dGrsale de vlngt-qudtre rats de 

type Sprdgue-Dawley. Les rats furent répartls en SIX 

groupes de taIlle égale, troIS d'entres eux servant de 

groupes de contrôles et les troIS restants de groupes 

expérin~en tau:.:. Les animaux expér imentaux rm'f211 t llTadil?s 

avec le laser HélIum-Néon quatre Jours SUIvant l' inclslon 

pour une durée de 16 mInutes, lIvrant aInSI Ulle dose totale 
..., 

de 5.99 J/cm-. Au CGurs de::; journées 6, 10 et 14 EUlvant 1 
l'lnCISIon, les animaux des groupes contrôles et 

1 

expérImentaux ont SubIt une bIopsIe au sIte de l'IncIsion 

afIn de détermIner le contenu de collagène et de quantIfIer 

spectropnotométrlquement le contenu de l'hydroxyprollne à 

l'IntérIeur des échantIllons de tISSU. 

Les résul ta ts du contenu èe l' hydroxyprollllf2 furent 

analysés en utIlIsant des groupes Indépendants test-t et d~s 

analyses de varIance. Il a eté démontré que même SI les 

valeurs moyennes de l'hydroxyprollne parmI les groupes 

e~nérImentaux étalent plus élevées qhe celles des groupes 

respectIfs de contrôle, aucune statIstIque SIgnIfIante peut 

êt~e attribuée à cette observatIon. 
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Introductl0n 

Low energy laser (He-Ne 632.8 nm) has been demonstrated 

ta have many b10stimulatIve effects. To the surgeon the 

effects of qreatest Interest are those WhlCh dernonstrate 

benefic1al propert1es to the wound hea11ng process. Sorne of 

12 these Include: Increased rate of mIgratIon of fIbroblasts , 

Increased wound strength Z5 ,26,56,57 and Increased collagen 

1-2 31 36 synthesls. ' , 

50 It has bean demonstrated ln anImaIs that sIngle and 

multIple exposures 25 ,31,57 of He-Ne laser can Increase wound 

strength durlng the flrst few weeks of hea11ng. W1 th t1me 

the non-1rrad1dt~d wounds wlll ultImately equal those WhlCh 

recelved laser exposures w1thout the 3dvantage of early 

Increases ln tenslle strength. 

The format1on, depos1tIon and organlzat1on of collagen 

f1bers are key factors ln wound repaIr. Sorne authors have 

suggested that lncreased wcund strength may be related to 

Increased collagen sy~thes1S ln wounds exposed to He-Ne 

laser. 50 Recently, lt has been demonstrated that wound 

strength l:lcreases OCCU1- before elevated levels of collagen 

content are apprec 1ated \',1 thln the wound fe llowlng repeated 

31 He-Ne laser exposure. This suggests that sorne other 

plocess ffiay be occurrlng to account for the increases ln 

wC'und s trength. 

In VI tl-O dnd JJl Vl vo studies have demonstrated that 

multIple exposures of He-Ne laser can cause increased 

1-3,31 collagen synthesls. For this to be clinlcally 
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practical, it would be adva~tageou& lf the same effect could 

be demonstrated wlth a s~ngle exposure of He-Ne laser. Ta 

date, no study haF lnvestlgated the effect of an extended 

sIngle exposure of He-Ne laser on collagen content wlthln a 

heallng lnC151011. The purpose of tIns study wa.s to 

deterrn~ne the collagen c~ntent of prlmarlly closed, full 

thlctness 3k~n lnC~Slons ~n rats WhlCh had bee~ treated wlth 

an extended slngle dose of He-Ne laser. 
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Literature Review 

Lasen. 

The word "1 aser" 18 an acronyrn st and1ng for "1 ight 

ampllfIcat10n by st1ffiulated emIs8ion of radIation". In 

Jrde1' t~ apprec1ate fully lasers and thei1' bIo8t1mulatory 

propertles, a~ uoderstand:ng of the mechanlcs of electro-

magoet1c rad1at1on 1S oecessary. 

Tf.€' electromagnet1c spec, .~um conslsts of a wIde range 

of radiatlo~ travellng at the speed of llght and 

'3 c~ar3cter~zed by Its wavelength. J The waves comprlslog the 

!:,pectruffi are ose' 111 a t lOg s 11hlSO.l.dal pr~lpaga t lons cf e le.::: tr lC 

and magnetlc eoergy and Its wavelength 15 deflned a~ the 

dlstance between two succeSSlve peaks on the wave forrn. 8 

The frequ~o~y of csc1ll~t~on as determlned by the wav~length 

18 the ollly dlfferenC'E' be"\:ween the short est dnd longest 

8 waves ln the spectrum. The shortest waveb are the gamma 

w3ves whlle the longest are the rddlowaves. Electl~omagnetlc 

ladlatiao wlthlO the vlslble 11ght 1'eg10n has an accepted 
-q 8 

un1 t af wavelengt~1, the nanometer (10 - meter). 

Electromagnet1c radlatlon possesses not only the 

property of waves but, as weIl, that of particles. The 

radlatlon 15 due to the transltlons w1thln the electron 

confjguratlon of the atoms. 8 Llght 15 a contlnuous stream 

of è lst Inct parcels of energy "photons" Wh1Ch are em1 tted by 

atoms as they drop from an exc1ted state {El' ta 1tS normal 

energy level {EO " The energy of each photon can be 

expressed by Planck's relatiooship. ThlS lS represented by 
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E = he/l, wh~re h 18 Planck's constallC (ô.63 x 10- 34 Joules 
10 .., 

[j J per second), C lS the ~peed of llght (3 x 10 em- per 

second), and} 15 the wavelength. 33 

The electrons of an atom can eXlst at a 11mlted number 

of energy levels. When the atom l~ stlmulated, an outer 

shell electron usually mayes ta an exclted state (El)' from 

:..ts normal gratlnc1 st.3.te (E
O

). The more energy absorbed by 

the atoms ln the medlu~ the greater thE number of electrons 

1~ El' The tlme per:..oj ln El 15 short, usually 10- 9 seconds 

or less, and ~s deflned as the flucrescent llfetlme. When 

the ma] 01'1 ty :l f the 3. toms ln the medl um a:.-e ln the exc 1 ted 

state, Ch1S lS referred to as a populatlon ll1Ven>lOll.8 

Certain atorlS :îave fluorescen:: Ilfetlmes when ln the exc1ted 

state that are relat1vely longer. These are known a~ 

metastable states. Only atoms posse3s1ng metastatle states 

are useft;l as actlve medla ln lasers. As the electrons fall 

from a metastable Etate ~o Its next lower energy lev~l, a 

packet cf energy, a photon 15 emltted. The energy of the 

photon equals the energy dIfference between th-? met.=\stable 

state étnd thE next l(Jwer energy levels ; El -El) ). Tile 

wave l Ëng::h :J f the pl:oton c an be de tel-m 111ed by Plancy.' s 

relatlOI1shlF ,\ = he/El - EO' The drop ln el1el-gy levels lS 

called radlat1ve translt10n anj the emlSSlon of photons by 

the means of spantaneous emlSSlons or fluorescence 

However, ln mOEt atoms, electr<.lns a~ 111.gher energy levels 

return to thslr ground state Vla several competlng pathways. 

These pathways may have several photon emlttlllg tranSItIons; 
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therefore photons of different energy, and thus different 

wavelengths, could be produced by a s1ngle type cf excited 

8 atom returnlng to ground state. 

In addltIon to spontaneous emission there eXlsts 

st1mulated emlSSlon. Preceding stimulated em1sslon, a 

proc2SS kn.:,wn as stlmulated absorptIon occurs whereby an 

atom absorbs a photon w~th e~ergy equal to that amount 

necessaly ta eX~lte an electran from EO ta El' The photons 

wIllch cause tIllE can be from 81tller an electr:.c current or 

33 from spontanenus ennss.:.on. Now, lf the atom wInch has 

un1erg,)ne stlfl1ulated absorptlon, C"ollldes wlth a photon 

wInch has energy equal te the d1fference between the 

ele~trol1 1 S exCl ted and ground states, a return to the ground 

state ca~ be achleved with the release of a photon. The raw 

photon released llas the Séilue wavelength, phase and dlrect10n 

ab the photon whlch caused its release. Therefore a slngle 

photon can cause a chaln reactlon, resul tlng ln the emlSS10n 

"'1 of photons of 1dentlcal character.l.stlcs. - - ThIS 15 defined 

a:,- stlnlulated emlSS1oll. In order for stlmulated emlSSlon to 

oc:ur 3 h1gh degree of populatIon lnverSlon must be 

8 present. The ra tlona:!. e for tIns lS tha t when the upper 

el1ergy lev~l states 3re more populated than the lower energy 

level stdte3, the trans~tion probab~lity for st~mulated 

emlSSlon overcomes the probablllty for spontaneous 

, 8 emlSSlOl1. 

In order for population inversion to occur energy must 

be supplled ta the active medlum. This can be obtained by 

, 
1 
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introduclng external energy sour~~s ta the system. The 

applicatlon of the energy lS a process referred to as 

pumping. The energy can be derived from I11gh lntenslty 

llght. The prccess l)f cptical pumpl.ng is very InefflClent 

as onl y a small portlon of 1 ight can be used to excite the 

atams. Several othel- :llethods, 1l1cludlng 1.011lzatl.Oll and 

neutral atoffi dischargE, use e1ectrlc current ta ach1eve 

populdtlon l.nversl.O~. Energy fram chemlca: reactl.ons should 

tlleoretla11y a180 b>? able to create popu1atl.on ll1VerSl.OI1S, 

but systems tryl!lg to use this method have lut beell 

, 1 +- d t 9,12,50 
S~lcceSS1U ~a a e. 

The processes of spontaneous emlSSlon, stlffiu1ated 

absorptIon and stIffiu1ated emission are shown in dlagrams 
" 

( Flg . 1 , 2,3) . ..' 

AlI lasers consist of three baslc elements: a laser 

med~um, be it soll.d, 11quid or ga8; a source of energy ta 

exci te the medium; and a system of mirror~ te feedback llght 

through the laser ffiedium. 48 A resonance chamber, with a 

specifIc length to produce the ~esl.red wavelength laser wIll 

Il 48 
house these e1ements.-' 

In oroer ior a laser 1ight to be obtal.ned, the medlum 

must be able to achleve population InVerSl.on and a 

metastable state, as weIl as sufflclent energy avallable to 

8 predl.ctably aclneve tIns. Wl. th1n the resor.aIlee ::aVl ty the 

mlrrors are p1aced at elther end. The dlstance between 

the~e mllTors lS carefully deternnned and measured to 

produce resonance for the partl.cu1ar wavelength of the laser 



Fl.gure 1: 
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1-~ ,10 ton II f 
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l. 

i 

Absorpt.lon 

Enelgy levei dldgram lndlcatlng absorptlon 
Accm orl.gi~ally ln ground ~tdte E •. InCldent 
enel-gy hV = El - Eu llllplnge:: on dtum. Tlle photOll 
d!)sorbed CaUSll1y .itom t,) l.-alSe t.Ct E'}:cllec1 state 
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E" 1) 

3pontë-tneous :2mlco;slüli 

Fl.gure 2: Energy :Level dldgram 111dlCdtll1g spc nt .lli020.l::-, 

emisslcn pl",')cess. Atcm (ll"lglllally III exclted ~tat~ l~l' Du,,' 
to normal short Ilfet1me ~f exclted stdLe, atom 
spontane0usly falls to ground state Eoo EIH?rgj 1: ... :e.Leaf:,~ll 
of the rn~gnltude hv = El - EO' 
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S~lmulated ErnlS3~ün 

Figure 3: Energy level dlagram ludlcating stlffiulated 
enU:3S10n proces~. At:Jlll crlgll1ally ill excited state El' 
InCldellt ph,)ton ,,)f energy hV = Ei - E'J lmplnges OH attJln 
cau~nng (stlIT,ul atlllg) atom tu fa 1 to grNmd stat~ EO' .Llo.S a 
consequEllce 1 two photons of Identicé\l ctJherellCe (phct::5e 1 
relatlonshlps are relea~ed. 

-- -- ----------
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medium. 32 Resonance is defined as the effect produced when 

the natural or inherent frequency of an oscillating system 

is greatly arnpllfied by reinforclng vibrations at the sarne 

or nearly the same frequency.15 The excited medium emits 

photons in random directions. On1y those photons trave111ng 

paraI leI to the axis of the resonance chamber are ref1ected 

back along the same axis, thus passing repeated1y through 

the medium. Should one of the photons travelling down the 

axis of the resonance charnber collide with an excited atom, 

it will produce two photons which have the sarne wavelength, 

directlon and phase. As these photons strike other excited 

atoms a cascade of photons are produced travelllng along the 

axis of the resonance chamber. 12 ,SO The mirrors at either 

end of the charnber redirect the photons back along the axis 

amplifying the light wave and produclng resonance. 33 The 

basic laser system lS illustrated in Flgure 4. 9 

photons are emitted in random directions. Those 

photons which are not travelling paralle1 to the long aX1S 

of the resonance cavity wlii escape from it, whereas those 

travelling in a directlon para1lel to the laser's aX1S will 

33 become greatly ampllfled. The ampliflcatlon lS achieved 

by the mirrors, which redlrect the photons along the aX1S 

producing resonance. The mirror at one end of the resonance 

cavity is partially reflectlve, whlle the other 15 totally 

reflective. One to twenty percent of the photons travelllng 

along the axis will escape through the partlally reflectlve 

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

monochromaticity ~nd coherence. 33 Monochromaticity me ans 

light is formed by one wavelength. Since, when electrons 

fall from the metastable to ground state, several photon-

releasing electron trans1tions ~re possible, the laser is 

not absolutely monochromat1c. 33 The unwanted trans1tions 

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 radiat10n. Temporal coherence means that the 

wavelength of the laser will not change with time. 8 ,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 per1phery of the 

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

spatial coherence. 9 

The coherence of a laser beam is not perfect, and 

spread of the beam occurs due ta diffraction. 8 ,33 The 

temporal coherence is a measure of the length of time the 

beam emitted will remain monochromatic and lS calculated by 

T = l/hv. T 1s the coherence time and hv 1S the frequency 

spectrum width. The distance travelled by the beam dur1ng 

the coherence time is referred to as coherence length. This 

1s calculated by L = c T. As the coherent beam exits the 



( 

( 

temporal 
coherence 

wavefront 
planes 

/V~ 

spatial 
coherence 

13 
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direction 

Figure 5: Simplified scherne of coherence factors of a laser 
beam. A constant time relationship between two wavefronts 
defines the temporal coherence and constant relationship 
across any wavefront defined the spatial coherence. 
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resonance cavity, the beam will ImmedIately start ta spread 

and, as previously mentloned, prlmarily by dIffractlon. 

Beams which spread only as a functlon of dlffractlon are 

known as diffractlon Ilmlted beams. B The dIstance the beam 

will malntaln parallellsm lS 3 measure cf spatlal coherence. 

" Thls IS caleulated by the equation L = D~/2.44 A • where D th 

the diar.lE::ter of the beam as It exits the resonance CdVlty 

and A is the wavelength of the beam. 23 

The power of a laser relates to the rate at whlch 

energy lS produced. The energy of a laser relates ta Its 

abillty to do work. These two propertl.e3 are measured 111 

units of watts and ]cules l-espectlvely, and one watt eqllalh 

one joule per second. The intenslty of the laser lS related 

ta the power of the laser beam and the beam's crOS5-

sectional area. 
... "0 Intenslty 15 expressed dE watts/cm~.~ 

The volume of the actlve laser materlal or the density 

within the laser medium is proportlonal to the energy 

output. 1C) " SOlld laser medla are typlcally 3 x 10 - atoms/cm,J 

16 18 3 and gas lasers 3 x 10 to 10 lem. Due ta the actlvat10n 

of atoms necessary tc Induee a laser beam, the lnltlal 

output power 15 not proJ;urtloLal to the lnput. Once the 

threshold level achleved, a Ilnear relatlonshlp eXlsts 

bQtween the two. 

The duratlon of the beam 18 dependent upon the 

characteristics of the laser medIum and the laser produclng 

device. Lasers can be contlnuous ways, pulsed or 

Q-switched. Q-switch refers to a system where the quallty 



15 

factor (Q factor) of the reflectance within the resonance 

charnber can be switched from low reflectance to h19h. 8 This 

prevents laser oscillatlons for a brlef 1nstant wh1le in the 

low Q mode. Dur1ng this per10d an overpopulation ln the 

metastable state oeeurs, therefo~e storlng an enormous 

potentlal power. When turned to hlgh Q mode, st1mulated 

emiSSlon wl11 rapidly oecur produc1nç an intense beam. 8 

continuous wave 1& an un1nterrupted beam, and pulsed beams 

are achleved by lnterrupting a eontinous wave sueh that a 

number of pulses are emltted pel' second. 

Helium-Neon Lasers 

Helium-Neon (He-Ne) laser is a gas laser system 

ecnsl~t:ng of 85% hellum and 15% neon. This eomb1nation 

will allow f~r st1mulated ern1ssion to oceur from over fort y 

distlne:: t::.-ansltl('llS. 32 The or1g1nal He-Ne lasers utlllzed 

a trans::... tlOll Wdve 1 engtl! of 1152.3 nM whieh 15 W1 th1n the 

1nfra~ed spectrum. Subsequent:'y, another tranE 1 tlon has 

been se:ected wlth1n the red vls1ble light speetrum: 

632.8 nM. ThlS lS the wavelength of He-Ne laser most 

frequently used today.8 

The mechan1sm for He-Ne laser generatlon requires that, 

V1a a di~eet eleetrlc current, hel1um atoms are pumped from 

a ground state ta exc1ted stat~. The energy within the He 

atom populat10n beeomes coupled Wl th the Ne atoms. TIns 

occurs when a metastable He atom coilldes wlth a ground 

state Ne atom, result1ng ln stimulated absorption. 33 This 

can be expressed by the equatlon He(3s) + Ne ~ Ne(2s) + He. 
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Since direct stimulatlon of neon from ground to excited 

states is not easily possible, populatlon lnversion must 

occur between the neon and helium rnetastable states. The 3s 

metastable state is wlthln 0.15 eV of the 2s metastable 

state of neon. The energy transitlons between the 2s levels 

and the 2p levels of ne on cause photon emlSSlonS. The most 

intense line of radlation belng at 1152.3 nM. 

Conversely, the 632.8 nM wavelength of laser lS 

achleved by flrst exclting the hellurn atoms ta a 2s 

metastable state, then transferrlng thls energy to neon to 

have a populatlon inverSlon to a 35 rnetastdble state. The 

transltion between 3s and 2p levels of ne on wl11 result 1[1 

the generation of photons with a wavelength of 632.8 nM. 

ThlS 1s represented by Figure 6. 12 

The coherence length of a He-Ne laser ranges from 1000 

5 meters to 10 km. The coherence of the laser beam has been 

related by sorne authors to provlde the biostirnulatlve effect 

30 
of He-Ne radlatlon. 
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Figure 6: The energy schemes in helium and neon responsible 
for stimulated emission at 632.8 nM and 1152.3 nM. 
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Interactlon of Laser on L1vlng Systems 

When laser is dlrected at tlssues, blological changes 

occur These changes are related ta prlmarily two basic 

forms of lnteractlons wIth Ilv:ng matter: thermal reactlons 

10 16 and photochemlcal reactlons. ' 

Thermal reactions cccur as a consequence of photons 

penetratIng tlssue and transferring thelr energy to the 

cell. The cells through multIple absorptIon processes 

transform th~ laser energy Into heat. The degree to whlch 

thlS reactlon oc:ur~ depends upon the type of Idser, lt~ 

11 energy and pcwer O\.~tP'lt. Saine lasers, such as the CO.., ... 
laser, have been developed with speclflc attentlon ta the 

thermal reactlon 3nd 10 partlcular ltS 3blllty ta lnClse or 

cauterl=e tls~ues. The energy absorptlon of I~Eer ln the 

VIslble llght range by tlssues varIes wlth the tlssues 

11 
1~trlnS1C optlcal characterlstlcs. Tissues are not 

homogenoeous st~uctures. Thus, the varylng optlcal 

densltles encountered WIll have varyln~ absorptlon of laser 

energy. The IntensIty of thermal reactlons of lasers ln 

tlssues lS dependent upon a number of varlables: 

1. the absorptlon, refle:tlon, and transmIssion of 

the tlssues at the laser wavelength; 

2. the power densIty of the laser beam: 

3. the speed of inCIsion or tlffie of exposure; 

4. the volume and the flow veloclty of local bluod 

5. 

vessels; 

the degree of tenslon at the are a of lnCISlon when 

11 cutting lS used. 
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Dependent upon the thermal damage initiated by the 

laser exposcre, one )f three possible processes may occur. 

These 3re lmmedlate death, delayed death and tranSlent 

alteratlon of the functlonal state and repalr. When the 

latter lE encountered the repair can Jesult ln either full 

16 functlunal or pal-tlal recovery. The fOl 1 a particular 

tlssue reacts to laser lS also dependent on b1.ological 

parameters as weIl. These lnclude: 

1. the degree of cell dlfferentlatlon; 

the mltotlc rate; 

3. t~e state of metabollsm; 

4. the tempel-a ture; 

5. the reactlons of surround1.ng cells. 16 

In general, the greater the degree of mltotie rate the 

less tlffie lS avallable for DNA repa1.r wh1.ch make these eells 

more sensltlve to the thermal effects of laser. The cells 

wlth a greater degree of dlfferentlatlon sueh as muscle 

cell& or nerve cells tend towards a state of decreased 

functlonal cC'mpetel:ce after exposure. The cell blOlogists 

terni tlns dedlfferentlatlor •. The h1.gher the level cf 

metabc)llC demallds a cellular structure requires for 

maintenance of cellrlar lntegrlty, th emore sensitive lt 

WIll be to thermal effects. However, those cells that are 

11: close 3pproximatlon to blood vessels have a better chance 

of survlval. This lS related to greater access to 

substrates for cellular repair and better rates of 

ellmlnatlon of tOXlC products. 
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When the intensity of a particular laser is below a 

leve1 to induce thermal reactions, photochernlcal reactions 

may occur. Again, sorne laser of low power output have been 

specifical1y deve10ped for thlS applicatlons such as the 

'soft' lasers He-Ne and Ga-Ar. These can induce a number of 

cellular reactions which will be dealt with ln detall in 

subsequent sections of this thesis. In general, the 

biostimulative effects of laser on livlng systems have been 

attributed to the photochemical reactions which occur. 

The basis of photochemical reactlons is the 

transferance of photon energy to molecules within the 

tissue. This results in activatlon of rno1ecuies resultlng 

in chemical redctions. The mechanlsms by which the 

photochernical reactions induce changes is not yet understood 

in its detail. 28 The interaction of laser light with a 

living cell is illustrated in Figure 7. 16 

4 
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wound Heallng and the Productl0n of Collagen 

The heallng or repalr process of a wound beglns as soon 

as tlssue is trc.l matized, ThlS occurs in essentlally the 

same fasl1l011 be 1 t t:1e reFall- of il small surglcallY-lnduced 

incislcn or an Injt:ry c;.-eating a sign.lflcall+':: tlssue defect, 

The trauma inltiates a series of even+.::s wltlul1 the tlssue, 

Immediately following the inJul'y 1 hemorrhage occurs filling 

the defect. Upon coaguLltlon of the hemorrhage 1 a flbr 111 

clot forms contalnlng many of blood's :ellular components. 

Elood vessels ln the 1'eglon thrombose, contract and 

ultimately d13appe2.r fl'om the In]Ury site. Subsequent l Y 1 

cells of varJ.ous types 111vade the clot to revascularlze, 

remo"le cellular debrls and repall- VIa syntl1eslS 1 the 

l 
4'1 connect1ve t'15Hle s ement.;. ' The repal!' process passes 

thrt)ugh three non-distInct phases termed n.flamm3.tory, 

53 proilferative a~d reorganizatlon phases. 

ThE- Inf lamma tory pha se cc curs lm,nedla tel y Wl tlll11 the 

~mall vessels in the reglon of the ln]Ury. A marked 

vasoconstrIctIon occurs actually cccludlng the vessels ln 

portions cf the ll~:H.lred tlssue. TIns l'esponse 15, however 1 

short 1 ld5ting appI-OXlma tely f l ve te ten mlnut'=:3. TIu!O. lb 

followed by a perlod of active vasodliation 1 where al! 
4C) 

eleme~1t3 of the local vasculature appear to be dllatlng. -

The vasodilation appearE> to be 1n:t~ally a :l1stamlne-

mediated event. The source of the hlstamine lS prlmarl1y 

mast cells . HIstamine lS also found witlnn human pldlelE:t::,; 

however, this low concentration lS not belleved to play a 
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significant rale in this vasodllation process. 53 The action 

of histamIne lasts for approximately thirty minutes. At 

this pOlnt the local sources of histamines are depleted and 

other permeability factors wIll maintalc the vasodilatory 

1'esponse in the in]ured 1'egion. 

The other permeabillty facters are prostaglandins, 

especially the prostaglandin E series, serotonin and kinins. 

Serotonln acts on the venules ta promote swelling and 

rounding of endathellal cells in an actlon slmila1' ta 

hlstamlne, resulting in separatl0n of the endothellai cells. 

K111i115 aiso a,:t ln a Elmilar fashion, but because of its 

1'apid des:ruet 10n by plasma and tissue proteases, 1 t appears 

unlikely it plays any role ln the late vascular response. 

The prostagland1ns ~ppea1' te play the dominant role and are 

prodl1ced Witlll11 the 1nju:.-ed tissues. P1'ostaglalldlns have 

mul tipI e eff ec ts bu t i ts l'ole in the ma1ntenance (J f the 

v âscl1Llr l'esponse appears to be l11vol ved wi th the 

d1spldcement of membrane bound ca++ aitering the membrane 

reactlons and cellular permeabil1ty.49 

concurrently, 1ntra-vascular events are occurring. 

Leukocytes and, ta a 1e8ser degree, el-ythrocytes ar:.d 

platelets begln ta adhere to the endothel1al 1 1111ng . The 

process occur~ predomlnantly ln the venules. This acts to 

plug caplilaries, but Slnee platelet-flbrin thrombi do not 

form untll later, thlS process can still be reversed. 49 In 

addition, changes are occurring wi tllln the endothellal 

11l1ing of these vessels creating leakage of fluids and 
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macromolecules into the extravascular tissue. The exudate 

observed cOl1sists largely of pOlyrncrphonuclear leukol..ytes, 

macrophages, flblln and free extracellular organ~lles fram 

the disnlpted lnflammatc)l-y cells. 13 ,49,52,53 The fluid 

leakage occurs flrst. This lS plasma and lS not lnitlally 

absocia ted Wl th movement of the l.n travabcul ar ce Ils 11ltO the 

surrounding tlssue. Electron micr,)scopy h..15 demollstrated 

physical separation of the endothelial linlug cells expo~lng 

the underlYlng casernent rnembl-ane ta the lun1lnal content::-. 

The leukocytes wluch have be:.::ome "E,ticky" and adherent to 

the endothelial Ilning now. by a process of dlapedesls force 

their way t!1rough the basement membrane. This phenomenon 

involves actlve mO~lon, and is not fully understood. 49 The 

holes created by the pr0cess now allow the paS~lve mcvement 

of erythrocytes through the basement membrane. As the 

inflammatory exudate matures, PolY;l1orphclltlclear ldltocyte5 

die and are lysed, the exudate assume3 the character of 

49 pus. 

These 1111 tlal changes are referred to as an aCllte 

inflammatory pl-ocess and lasts for appro:=ll11ately three day:::.. 

After this pOlnt the inflammatory process becomes more 

chronlC ln nature. ThlS 18 marked by a change in the 

predominant cells from granulocytes ta mononuclear cells or 

monocytes. These cells dlfferelltlate ~nto macrophages and 

, 17 49 become a,~tlvely phagocyt1C.' The 11- role 15 to function 

as scavengers of those materlals withIn the in]ured tIssue 

that are not readily SOlllblllzed by enzymes released by 
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granulocytes. Sorne of the monocytes coalesce and become 

multlnucleated glant cells whereas others will dlfferentiate 

into h~stiocytes, and in sorne lnstances epithelioid cells.
49 

Shortly after the Injury to the tissue is sustained, 

undifferentlat3d mesenchymdl cells peripheral ta the in)ured 

49 5" 54 site d:ï...fferentlate 11'ltO migratory flbroblasts. ''', This 

marks the beglnulng of the prol1feratlve phase of reparative 

proceS3, These flb~oblaEts move lnto t~e In]ured slte as 

the ma=rophages remove the necrotic tissue and fore1gn 

bodies. The fIbroblasts require the presence of macrophages 

to attract them ta the lnjury slte and promote their 

maturatIon and maxlmal collagen synthesIs. 6 ,49 

Flbrinogen is found ln large concentratlons in 

inflammatory exudate and is converted enzymatically into 

fibrln WhlCh 15 laid down as a network lU the ln)ured site. 

This network acts d5 a scaffold for the mlgratlng 

fibroblasts. Although fibrin acts as a scaffold for 

flbroblast mlgration, the large quantlties found ln injury 

sltes cau lnhIblt mlgratlon not only of fibroblasts but of 

epithellal cells as weIl. The migratIng fIbroblsts are 

closely followed by new caplilary in-growth. The 

endothellal celis of the capillaries contain plasrninogen 

actlvators WhlCh cause flbrlnolysis of the fIbrln network. 

ThlS process occurs COlUcldentally with collagen depositlon. 

In uncompllcated sImple wounds, debrls is usually removed by 

the third to flfth day and by that time fibroblasts and 

'Il d' l ' d 4q capl arles are lnva lng tle entlre woun area. - Caplilary 
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proliferation continues until about the eighth day post­

in jury. The number of flbroblasts and capIllarles ln the 

wound begins to decrease after this tlMe until a steady 

state of cell numb,~rs 15 reached at about the fourteenth 

53 day. 

FIbroblasts not only have mlgrated but have also 

proliferated. InItially, they manufacture and secrete 

elements of ground substance includlng prote in­

polysaccharIdes and varIOUS glycoprotelns. At approx1mately 

the fourth or flfth day post-woundlng, collagen syntheslS 

commences and the prollferatlve stage beglns. 49 

Durlng this prollferatlve phase, the flbroblast cell 

population duesn't change appreclably. Collagen, the 

primary synthetlc product, 15 lald down at a rapId rate and 

epithelium moves across the surface of the granulatlng 

wound. The pro!lferatlng eplthellal cells secrete 

collagenase wlnch IS Importan t ln con troll 1ng the coll dge11 

content cf the wound. 49 As fIbroblasts come ln contact wlth 

the epitheliurn cells, they too become Induced to synthesIze 

collagenase. ThIS marks the beginnlng of the remodelllng 

phase. 

The prollferatlve phase lasts approximately two to four 

weeks. ThlS depends upon the Slze and location of the 

wound. As thlS phase termlnates, the new caplllaries WhlCh 

had prollferated into the wound start ta regress and 

diminish in numbers from the wound SIte. The glycoproteln 

and mucopolysacchar1de 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 53 
balance the ra~e of collagen destruct10n.' Once this i8 

dchieved the reorganlzation or maturat10n phases is then 

fully '.ll1derway. 

Durlng the maturatIon of the scar tissue, new collagen 

fibers are beIng laid down and others are belng digested and 

removed. UltImately, the fIbers which remaln in the scar 

are those orlented along the lines of tension. Sorne 

lnterweavlng of flbers takes place whlch greatly enhances 

the tellslle strength of the wound edge. The arrangement of 

the fibers Wl th in the deruns of an InJ ured 5 1 te lS QU1 te 

different from the surround1ng un1nJured dermis. wlth age 

the scar remodels. Flbers and f1ber bundles becume more 

condensed dnd packed, which aids in pos1tlonlng Individual 

~ollagen polymer cha1ns 50 that intermelecular covalent 

bonding and cross-linklng can take place. This 15 achieved 

by the loss of water and mucopolysaccharldes from the wound. 

The cross-llnklng and interweavlng of collagen flbers make 

the scar reslstant te stretch. ThIS i5 further dem0nstrated 

in wound strength studles of ruptures of Incislon llnes 

where It has been demonstrated that five days post-IncisIon, 

rupture occurs preclsely at the locatIon of the orlginal 

IncisIon. At days 14 to 21 rupture almost always occurs 

lateral to the l~ne of incisIon, perhaps 2 ta 3 mm on either 

slde of the central scar in a line differentiating the wound 

4° from normal t1ssue. ~ 
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The type of collagen laid down will also vary durlng 

the healing process. Inltially, the collagen w1th1n the 

scar resembles type III or embrY0111C collagen wlth large 

concentratlons of hydroxylyslne. Dur1ng the maturatl0n 

process the Type III collagen lS replaced by Type 1 colldgen 

demonstrated by an lncreased concentratioll dllly:iroxylysl110-

49 norleucine cross-llnklng. Th1S 3uggests that when d 

flbroblast 13 first actlvated, by modu1atlon from 

Ulldlfferentlated r.1esen.::hymal cells, the genes responslbie 

49 for Type II:;: collagen synthesis are actlvated. As 

maturatl0n occurs th1S gene lS suppressed and actlvatlon of 

the gene responslb1e fer Type 1 collagen occurs. Fallure of 

tIns suppreSSlon of genes responslble for Type III collagen 

3 q 
can resui t III l".ypertroplllc scar formation. . 

In summary, the hea11ng of the normal inclsional wound 

15 div1ded Into three ptases: inflammatory, proll.ferat1ve 

and maturatl.on. The 1nf1ammatory reactl.on prepares the 

wound for subsequent hea11ng by removal ~f bacterla, 

cellular debrls and necrot1c t1ssue. COllCU1Teat 

mobilization of flbroblasts. ep1thel1al ceIIs and 

accumulatlon of prote:us and glycoprote1n3 occur. This 

Ieads to the format1on of flbr1n and a framework for further 

flbroblast. migra t 1.on. Durlng the pl-ollf e ra t1 ve phase, WhlCh 

beglns at about day six, collagen 5ynthesJ.s and the 

deposl.tion of mucopolysaccharldes and glycoprotelns 15 

ini t lated . The collagen i5 flrst secreted ln monomeric form 

but subsequentIy 15 formed iuto flbers. At thlS p01nt a 
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rapid lncrease in wound strength is exhibited. At 

approXlffiRtely da1 f~fteen, increases in collagen 

concentratlOl1 in the wound censes. However 1 a steady gain 

ln tenslle strength is noted. This lS due to two factors: 

one, lntram~lecular and lntermolecular cross-linking of 

collagen flbers, and two, remodelling by dissolutlon and 

reform&tion of collagen flbers to glve a stronger more 

49 efflClent weave. There lS no sharp demarcatlon between 

the end of the prollferatlve phase and the beglnning of 

maturatlon. In actuality a slgniflcant amount of overlap i5 

49 present. The maturation process may require six months to 

a year ta complete. 

In arder ta appreclate the means by WhlCh laser can 

effect collagen synthesls, one has to understand the 

mechanlsm by WhlCh collagen synthesls ~ccurs. At the tlme 

of injury, lt is thought that a metabolite or a dlffusable 

extracellular materlal blocks 3 normally present repressor 

substance within the flbroblast. 49 ThlS allows for the 

syntheslS, wlthin the lH!cleus, of messellger ribonuclelc acid 

(rnRNA) from a deoxyribonuclelc acid mclecule (DNA) template. 

The DKA ternplate provldes a nucleotlde sequence to the mRNA 

to act as a bl ue-pl' lnt f or the synthes 18 of a part lcul al' 

type of proteln, in this case collagen belng the end 

product. The template lS compl'lsed of a pal'tlcular sequence 

of purlne and pyrimldine nucleotides WhlCh wlll specify the 

amino aCld sequence of the collagen. The mRNA wlthln the 

cytoplasm becornes associated with a ribosome on the surface 
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of the rough endoplasm1c reticulum. ThiS rlbosome also 

cantains proteln and an RNA. It lS 11ere that the r.1RNA 

n~cleot 1de &equer.ce lS transI a ted ll1tCl an anlll10 ac ld 

sequence by select1ng a spec~flc transfer RNA (tRNA) w1th 

1 ts lntrlnSle dmlno acid sequence corre-spoJ1dillg to the 

sequence of nucleot 1des lU tl1e mRNA. The tRNA COll tains U:.e 

nue leot 1de sequences spec 1 fYlng olle part leul al' annno ac ld. 

The syntlJesls of the pclypeptide chaln (pre-procollagellj 15 

111 1 ti a ted at the arr: 1110 t ermlnal end and proe eeds 111 a 

s tepw1se f âshion toward the c arb )xyl ~er!l11n al end. One e the 

termlnal llucleotlde sEqt1en:~ of the mRNA has been 

trans la ted, the deslred polypept Ide chaHl .J.. ~ det ached 1'(,111 

the rIb0some Into the c1sternae of the rough eneoplasmlc 

retlculum and then from here te the GOlgl apparatus f01' 

glycosylatlon of the hydroxylyslne resldues. These 

polypeptIde chalns are the precursor of colla~en. 

procollagen and speeIf1cally alpha challlS. The transfer of 

procollagen from l'ER to GOlgl apparatus 1s V1a ~mall 

transfer vesl.cles wInch bud off the l'ER cH,teL"na and fuse tu 

the golg1 apparatus. w1thll1 the Golg1 apparatus the 

flexible alj:hd cl1ains are unraveled and are arranged lnto 

14 GO trl.ple hellces character1stic of procollagen.' These 

rigl.d parallel tl1reads aggregate Jnto relatl.vely thlck rods. 

As the rod 1~ brought to the 3urface by the GOlgl apparatus, 

the amlno-termlnal and caroKyl-ter~lnal propeptides to Each 

alpha chain are cleaved off enzymatically. TIns 1:'> 

performed by extracellular proteases and the procollagen l~ 
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converted to tropocollagen which will spontaneausly be 

arranged inta collagen fibrils. 34 ,46 Thus, pracollagen is 

secreted onto the surface of the fibroblast where the 

procollagen molecules will be trlmmed dawn ta size, becorning 

trapocollagen rnolecules that will ln turn be arranged in ta 

collagen fibers. 14 ,46,60 
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Research into the Biostimulative Effects of Low Energy Laser 

R3.d1ation 

The ma]Orlty of the lnitial research lnto the 

biostimulative effects uf low energy laser rad1atlon (soft 

laser) had been developed by tlie Eastern Bloc cOllntries, 111 

particular the Sovlet Unlon and Hungary. Mester's work ln 

the late E 0' S ln 1 ': 13. ted l11'lestlga t lons ln t·) the 

blostlmulatlve effects of soft laser. Subsequently, a large 

body of ll.terature has been wrlttell ln a wlde l-ange of 

speclalty pursul.ts: dermatology, orthopedIes and 

:::tomatology. In the last decade researchers ln Europe, the 

United states and Japan have started investlgatlng 

blomedlcal appl:cations of sott laser. 

Mestel" S w::>rk spanned the tlme of the late sixtles ta 

hlS death ln 1984. Durl~g thls perlod he reported 

extenslvely on the blostlmulative effects of soft laser 

sources. HlS lnltlal Lnvestigatiol1s wen~ uSlng ntby laser 

-91 3 38,39 b, 't. nm. In his fl~st reported exper:ment he 

lnvestigated the effect of dlfferent dmounts of exposure of 

39 laser on leukocytes ablilty tG phagocjtose bacterla. One 
..., 

group exposed to 4 J!c~~ showed signlficant Impalrmen~ of 

this ablll ty ta phagocytose \.,hen compared tr) the COll trol; 

whereas the second group exposed ta .05 J/cm 2 showed a 

signlficant lncrease ln ph3gacytoslS when compared to the 

control. A second experlment luvestlgated the effeets of 

low energy laser on Ehr l ich asc 1 tes tumor cel1 s 111 v l tt'Q 

h . t d . t 38 w en ll1Jec e ln 0 mlce. He radlated EhrlIch ascites 
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:'umor eells with .2-1.0 J/em 2 for 5 rnilliseeonds prior to 

lnJ ec t lon ln to f 1 ve mie e . A second set 0 f f ive miee acted 

dS the control and were l.l1j ~cted Wl. th non-llTadi a ted Ehrllch 

asclte tumor cells. At 15 days post-inJection the radiated 

tumor cell gruup had slgnlflcant weight galns as weIl as 

lncrease ln the volume of ascltes and number of tumer cells 

\-/hel1 compared to the control grcup. From tIns he cane 1 uded 

tIlat low dose laSel" radlation stimulates Ehrlich ascites 

tumOl" cells. 

In al10ther experlment Mester observed that low doses of 

la~er would stimulate hall' growth in depilated mlee. If, 

however, these mi ce were then expesed to 11l.gher doses of 

lasers, the stlmulbtory effect on ha il' growth was 1est. 38 

when lnvestlgating the blostlrnulatlve effeet of ruby 

laser (694.3 nm) of vary~ng Intensitles on third degree 

w0und burl1f" 011 ml.ce, Mester o~served a dose dependent 

phenomeila. The animaIs had bilateral burns produced on 

their dcrsums at kidney leve1 and functloned as their own 

co~trol. The ml.ce were th en dl.vided ln ta five groups of ten 

dl1l.mals and radiated at one burn slte with .5, 1.0, 4.0, 5.0 
'1 

and 10.0 J/cm~ respect1v~ly. Tte results showed a marked 

stlmu~atlon of heall.ng occurrl.ng in the 1.0 J/cm 2 group. 

The 1'ema1111ng foul- groups showed ei tl1er no noticeab1e effect 

or non-signiflcant stimulation of l1ea1111g. 43 

Later, Mester Investlgated the effeet on collagen 

syntr.esl.S in response to low energy laser radiation. This 

he did by cornparing the uptake of radioactive arnino acids in 
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.., 
heallng incisions in rats. A total dose of 4 J/cm~ was 

adminlstered ta the surgical slte. ThlS was accompllshed by 

the delivery of multlple flashes of radiation ranglug from 

1-4 J/cm 2 wlth flash duration of 100 microseconds (l.e. 2 x 

2 J/cm 2
, 4 x 1 J/cm 2 ). From thlS Mester observed a 30-50~ 

increase ln collagen productIon in the laser treated wounds 

when compared ta the central. He nypc tllesized that tlns was 

due to either increased enzymatic actlvlty or greater 

37 amounts uf enzymes released by the organelles. 

Kovac::;, a fellow Hungarlan and cc-worker of Mester, 

Lnvestig3led ve~sel regr~wth ln rabblt ear chambers. After 

18 days the ear chamber exhlb~t8d 57% ~f the svrf3ce area of 

~he radlated chamber was ~evascularlzed whereas on1y 8% was 

~oted ln the non-r3~lated group. He theorized tnat the 

radIation may be dlrectly actlvatlng 111Jured vesse1s ln the 

regicn or that macrophages were stimulated to phag0cy~ose 

"4 faster, tlHls clearIng the way for ne .... ' vessel Ingl"Cwth. '-

Kovacs and Mestel- t1-.an looked Into wound str.?ngth, 0nce 

having demonatrated blostinulative effects on phagocytoslS, 

vessel formati0n and collagen ~orn~tlon. InC1S10n~ 2.5 cm 

in lengtl. were macle on the dOL3um l)f 48 eXperlnH?lltal and 48 

control rats. The wcunds were prlllléŒily closed and 

maIntalned by two SklD C11pS. The experimentdl anlmals wele 

radiated twice pel' day for three mInutes u~lng 5 mW He-Ne 

laser. The experimental and control animaIs were then 

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

the CllPS were removed, the tensile'strength deve10ped by 
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the wounds were lnvest1gated. Although unable to explain 

the effeet they noted slgnlficant lncreases in breaking 

strength of the experimental groups sacr2fieed on the fifth, 

Elghth and twelfth post-operative days.25 

After exhaustlve an1mal experlmentation, human 

exper2mentatlon was lnltiated by Me3ter. The purpose of his 

lnvestlgat20n was to determine whether laser caused a 

systemlC effect or not. It was observed that laser 

radiatlon of crural ulcers generated heallng Dot only of the 

rad1ated ulcer but as weIl as non-radlated ulcers elsewhere 

on the patient. To lnvestlgate thlS, 20 p3tients recelved 

He-Ne laser of 50 mW to their crural ulcers tWlce a week 
..., 

with 1 :jcm-. Blood was drawn prlor ta the first radiatlon 

and after each subsequent treatment assessing çomplement 

actlv2ty, serum pl-ote1.n quantity and quallty and the 

presence of auto-antibodles. The results obtained showed 

the presence of no auto-3ntlbodles, before or durlng the 

laser thera~y. However, changes were observed ln complement 

levels and l.mmunoglobulln levels. These observed changes 

were different between cases which responded ta radlatlon 

and those wlncli d:d not. III the group l-espondlng to He-Ne, 

complement levels were no~mal. However, serum IgM rose 

signiflcantly after flve treatment and then over subsequent 

treatments fell to Just above pre-treatment levels. 

COl1versely, IgG levels fell after flve treatments and then 

1l1creased ta above pre-treatment levels. Patients with 



1 

36 

resistant ulcers disp1ayed the opposite trend. It was 

conelucted that the suecess of the laser therapy seemed to be 

41 related to normall Z l11g the humoral 1mmllne response. 

Mester fol1owed thlS l'lith more in vltrc, studies using 

varlOUs laser sources, Argon, Ruby and He-Ne, wlth a wide 

range of wave1ength3 and exposure energles on Band T 

lymphocytes. He observed d1rect laser rad1ation damage on 

bath T and B lymphocytes ln p1'oportlon te the ene1'gy applled 

ta thern. E~ergies grea~er than 2-5 J had a cell-destructlve 

effeet, whereas 8nergles up to 1 J had dlfferent effects on 

diftErent cells. The least destrllctlve wavelengths to 

lymphocytes were between 4ee and 501 DM, and aIl radlated 

lympho<..::yte.s demonstrated shorte1' life spans. From tIns Ile 

hypothesized that laser radlatlon cauEed suppreSElon of some 

unknown but unde 5 ir able lmmllnoreactlon in lmmt1l1e competent 

Il lt t ltdl l , 41,42 ce s resu lng ln S lmu a e 1ea l11g. 

Later research by ~ester lDvestlgated the effeet of 

He-Ne laser on prostaglandin synthesls. Aftel' lrradiatlng 
.., 

skill W011l1Lb ln rats witll :,0 mW He-Ne at 1 J/cm'" he observed 

eJevated p1'ostoglandln PGE~ and PGF 2 levels ln the 

experimental grollp fOtT days pcst-irrad1atlon. Aftel' elght 

days the PGF..., levels were further elevated whereas the PGE.., 

levels had started to decline and had returned to near 

normal values. He hypothes1zed that the lncreased levels of 

these prostaglandlns ~ay be related te the blostimulatlve 

effeet of He-Ne laser. 

s; 
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PrIor to his death, he designed a model to explain 

laser biostlmulatlon on many different biological systems 

36 Wh1ct 15 as follows: 

"The electr1c t Ield strength, of the linearly 

pGlar~zed light, changes the conformation of the 

lip1d b1layer of the cell membrane. It reorders 

the polar heads of the lip1ds by electron polari­

zatlon. As a consequence of thiE conformational 

change ln the cell membrane, changes ln IlPid 

proteln connectIons 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, Immunolog1cal processes, actIvatIon energy 

of enzymeE and active transport. The membrane 

plays the roIs of a bIologlcal amplifier. ,,36 

Subsequent experimentation by K~vacs and Kubasova 

attempted ta val1date Mester's hypothesis that a change in 

the llP1d bilayer cell membrane was responslble for the 

biostlmulatlve effect of soft laser radIation. Under the 

SCannll1'::} electrol1 nncroscope no Inicl"Omorpho:lgical changes 

in the plasma membrane were noted in response to doses of 1 
., ., 

J/cm~ or 5 J/cm- of He-Ne. Functionally, changes were 

observed. The longer the course of laser radiation, the 

decreased ability of the f1broblasts to bind lectin and the 

surface charge become more negatIve w1th repeated exposures. 

Therefore 1t appears that repeated laser radiat10n exposures 

caused functional not m1cromorphologic changes in the plasma 

"16 
membrane of fIbroblasts.~ 
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A review of the Soviet literature was wrltten by 

7 Mikolai F. Gameleya ln Laser Applicatlons ln Mediclne ~nd 

Biology. In thlS a number of applIcatIons of soft laser are 

described. The tCplCS were extenslvely covered Incl~dlng 

the followlng: aphthous ulcers, perlodontltl~, burns, 

indolent and trophic ulcers, hypertenslon, rheumatold 

arthrltis, endarterltls obllterans, basal cell carClnoma and 

precancerous skln changes, and bl-onclual asthma. Al though 

the clinical applications of He-Ne laser were interesting 

and displayed promislng resul ts, the means by wlllch the 

resul ts were ob talned were ger.erally lll1SC lent 1 f ie. 

Gtndeline3 for dose In:'e1151 ty and dUl-atlon of therapy are 

frequent:y not glven, or when given, are confuslng. These 

experiments can, however, under strlcter sClentiflc controis 

provide impetus for further research. When Investigating 

chron~c recurrent aphth~us ulcers ln 60 pat lents radiated 

wlth 20-25 mW He-Ne laser, patIents reported aftel' several 

therapeutlc seSSIons an anaigesic effect, and the aphthae 

apparentIy healed faster than usual by several days. On 

subsequent recall one year Iater, Il patlent3 had no 

recurrence :ll1d the remal111ng l1ad less frequent and less 

seve~e recurrences than previously experlenced. In the 

treatment of perlodcntal dlsease, signiflcant Improvements 

ln patIents radlated wlth He-Ne laser in con]Unctlon with 

traditl0nal treatment modallties (l.e. scaling and 

curretage) was demonstrdted. It 18 difflcult to assess the 
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valldity of the results as no controls were used. As weIl, 

no power densities, duratlon and frequency of radiation were 

7 reported. 

Burns of varylnq depths were investigated in 36 

patients. These patients were classified on the basis of 

their lnJuries into 12 superficial burns, 12 deep burns, 6 

contraIs with superflcial burns and 6 controls with deep 

burns. The burned areas of the experlmental groups were 

lrradlated on alternate days with He-Ne laser .1 mw/cm 2 for 

5-10 seconds for a total of 10 seSSlons. They observed in 

the deep burn patienta accelerated re-epithelization and 

granulation tlssue forma~lo~ after five sessions. AIse 

observed ln bath experlmental groups, were Increases ln 

total n~mbers of neutrophils present ln the wound and the 

rate of phagocytosis wa~ markedly enhanced. 7 

Simllar flndlngs were reported ln studies WhlCh leoked 

at chrollic indolent ulcere, ulcers resulting from x-ray 

radiation, and lnfected ulcers. Overwhelming positive 

respons~s to He-Ne laser were encountered with 

epithellallzatlon occurrlng in most cases wIth a positlve 

slde effeet of pdln rellef. No adverse effects of He-Ne 

laser were observed on clottlng system, blood cell counts or 

kidney functlon. One study reported erythrocyte 

sedimentatIcn rate and leukocyte count decreases with 

erythrocyte lllcreases. In addi tIan, this s tudy demonstrated 

that bleedlng dnd clottlng times decreased and aIl classes 

of lmmunogiobullns except IgM were increased. When 
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investigating the response of infected wounds to He-Ne 

laser 1 it was noted that lncreases ln granulation tlssue 

formation and epithEllallzatlon occurred. Aiso observed 

were decreases in edeula, pus dlscharge f and fe\lle1- 1-emal111ng 

bacterlal specles. In addItlon, lncreased numbers and 

activity of monocyteE and macrQphages were observed in 

cytologicai specimens. 7 

Al. area of investlga-t:lon where, in general , limlted 

success was observed the application of He-Ne laser to 

appropriate acupuncture points ln the treatment of 

hypertenslon. Several studles were slted Wlth varylng 

degrees of suc:ess. In a slngle study report~d on He-Ne 

laser t!lerapy ror bronclllal asthma ln 21 pat lents f favorable 

results were obtalned. He-Ne laser of 25 mW was applled ta 

several acupuncture pOInts dally for 40-60 seconds for 10-20 

seSSlons. Patlents recelved 1-3 courses of treatment wlth 

inten'elling perl,)ds of 1-2 months. AlI the patlents 

experienced favn-able Immedlate results wltl1 10-30';-, 

J.mproven~en ts ln vital capac l ty a!ld return to normal of 

lnsplratory reEerve volumes. No changes were encountered 

wlth the eXpl~atory reserve volume and during thelr reported 

SIX mon th follow-up only two pa~lents wlth severe bronchlai 

asthma had exacerbatIons. 7 

When used to treat rheumatold arthrltls the two 

articles report2d had posItive results. They reported that 

nearly aIl pat lents had beneflts of He-Ne laser applled ta 

< 
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the affected joints. These benefits inc1uded decreased 

d1scomfort, lncreased range of motion and increased strength 

of the affected Joint.? 

Again, using acupuncture points, 23 patients were 

treated for endartltls ob1iterans with He-Ne laser. 

Treatment with He-Ne laser at a power density of 10-12 
~ 

mw/cm- for one to several mlnutes was contlnued for twenty 

days. PatIents encountered side effects of mi1d dlzziness 

and increased pain and cold sensation ln affected 1imbs 

after several treatments. These symptoms subsequently 

subSIded and the paln associated with lntermlttent 

claudIcations lmpr~ved.7 

Sovlet researchers have a1so investigated the 

application of He-Ne laser ln treatment of basal cell 

carcinomas. dyskeratoses, hyperkeratoses and acanthoseb. 

Favorable results have been obtalned in one study which 

d~a1t wlth basal ce11 carClllomas between one and three 

centlmeters ln dlameter. Treatments ta a maXlmum of 40 mW 

were carrled out over a 3-4 week perlod with ~he laser and a 

photo sellsltizlng dye ta Inteosify the lIght radlation on 

the 1es1on. ThlS 1ed to complete d:sappearance of the tumor 

and durlng subsequent fol1ow-up periods, 00 recurrences were 

observed. 7 

By the ear1y 1980s, European and Japanese clinical 

groups started 1nvestlgat1ng soft laser as an adjunct 

therapeutlc tool. After Interestlng flndings with 

applIcatIon of He-Ne laser ta acupuncture points as 
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documented by Soviet 11terature, several studies appeared ln 

Western Ilterature. 4,21,62 Like their Soviet counterparts, 

these studles were poorly controlled but agaln avpeared to 

be beneflcj al for treatment of head and neck paIn. There 

was observed lnfrequent slde effects reported ln one study 

f d t , 21 1 i-o naussa an ver 19::>, Slml al' ,_0 thofe exper Ienced by 

pat lents when recelving tradIt10nal needle acupuncture 

therapy. When applled ta controll1ng pal~ aSS0clated wlth 

temporomandlbular Joint dysfunctlon, Ilmlted success could 

be directly attrlbuted to application of He-Ne lasel ta 

appropriate ear pOlnts. The patients recelved comprehenSIve 

treatmentE WhlCh Included, ln 3ddltl0n ta laser radlatlon, 

splint therapy, relaxatlon techniques and C'OlTectlon of neck 

posture. 

In reeent years, the dental professIon has, on the 

baS1S of the biostlm111atlve effects of He-Ne laser, embrared 

the soft :!.aEel.- a3 an adjl1nct to conventlonal therapi,~s. 

Little sClentif1c data exists to justlfy the wide range of 

applicatlons s~ch as: alveoiltes, oral ulceratlons, herpes 

lablal~h, periodontai dlsease, perlocoronltls, pulPltlS, 

oausea induced by dental procedures, and as an antl­

carloge~lc measure.7,~7,29,45,61,63,64 Apparently, thlS IS 

more the pr0dl1ct of gocd marketIng as opposed ta sound 

science. 

Positive findings were reported ln a case report of 

appllcatlon of laser radiatlon ta a fractured pelvIS. A 

He-Ne laser optical conductor had a stainless steel needle 

l 
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adapted to its end to allow for direct exposure of He-Ne 

laser ta a fracture line. The experlmenter made the 

observatlon that the biostimulatlve effects of He-Ne laser 

stimulated the osseous tissue in the fracture site. 58 

Auoth~r area of investigatlon of soft laser has been in 

the treatment of venous leg ulcers. These ulcers were 

treated wlth dally admlnlstratlons of He-Ne laser 632.8 nm, 

? 2 
6 da ys a week at energy densltles of 1 J/cm- and 4 J/cm ln 

16 and 17 patlents respectively. The control group of 28 

recelved antlseptic local compresses. When the experimental 

groups were compared ta the control no enhancement of 

heallng was observed in the lrradiated group. The author 

therefore concluded that low dosage He-Ne laser irradlatlon 

had no advantages over more traditional local theraPles. 55 

The anlmal resesLch ln the early 1980's focused around 

repeating ul1der strlcter sClentific contraIs the earller 

experlments of Mester. Wa:delich and his experlemental 

group were amongst the first ln Western Ilterature ta repeat 

the findlngs and expand upon them. 

Waldellch's inltlal experlment lnvestlgated the effect 

of He-Ne laser on ~ranulatlon tissue formation in full 

thlckness Skll1 defects ln rats. A standardized skin punch 

was used and the de fee t mall1talned a t 15 mm diameter by 

placing a rlng attached at its lower end ta the muscle 

fascia. The wounds were lrradiated wlth He-Ne laser at 
., 

energy densltles of .5. 1.5, 4, 10 and 20 J/cm~. The 

duratiol1 of exposure was altered such that the power density 
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2 was 50 mW/cm per exposure. A control group of equal S1=e 

had the same defect created, but were not lrradiated. Tbe 

He-Ne laser exposures of the experlmental group were 

performed on a dally basis for ten days whereupon the 

granulatlon tl3sue within the rlng was removed alld weighed. 

The laser exposed group demonstrated a stdtlstlcally 

signiflcant increase in granulatlon tls~ue accl1mulatlon, a 

13-24% lncrease ln the experimental group was observed over 

4' the control. . Next, repeatlng the sarne experlmental 

design, but substltuting ln place of laser 111coherent 11ght 

2 of 4 J/cm , a smaller degree of Increase in granul3tiol1 

tissue was observed (10%) 111 the experimental group as 

47 compared ta the control. 

A cllnlcal animal study was undertaken by MeKlbblns at 

the Wheatley Farms. The study looked at 90 race horses wlth 

bowed telldons, when tleated wlth He-Ne laser. Although no 

control was Incorporated and re3ults were strlctly on 

observatIon, It was noted that Ilot cnly dld the horses 

undergo a shorter rec0very perl0d and race wlthln slmllar 

tlilles and classes post-treatment, but they became healthler 

wlthout the necessity of operatlons, drugs al1d long layoff 

15 
periods associated wl~h tradltlonal methods of treatment.-

Kovacs and hlS group demonstrat~d signiflcant Increases 

on breaking strength of wounds when exposed to He-Ne laser 

USlng 96 rats, 48 control and 48 experlmental, aIl anImaIs 

had 2.5 Cffi inclsions made on thelr dorsums wlth prlillary 

closure achieved uSlng 2 surglcal ClIPS Each experlmental 

1 
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inclSional wound was exposed to 5 mW/cm~ He-Ne laser 

radIatIon tWlce a day for three minutes. Twelve anlmals 

were then sacrificed from bath 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 deterwlned. The breaking strength of the 

experlmenta1 groups was significantly greater than the 

control groups on days 5, 9 and 12 post-operatively 

dernon~trating 29, 47 and 26 percent increases respectively. 

Kovacs was unable to explal~ the mechanism of thlS 

phenomenal) 01- why the maximal effect was demonstrated in the 

. It • 25 elg1 Clay group. 

Surll!chak looked at the effect of low level energy 

1a3ers on h8a11ng of full thickness skin defects. This was 

accomp1ls11ed by conduc-tlng four separate studJ.es. The flrst 

two 3tudies were conducted ta determine the effect of laser 

radIatIon on circular full thickness skJ.n wounds that closed 

prJ.marily by contraction. In study 1 elght rabbits had two 

skJ.n defects created on their backs, each 16 mm in diameter 

anè 8 cm dpart. One of the surgical defects was exposed 

2 every third day for 30 min ta a total dose of 1.1 J/cm pel' 

exposure. The non-exposed wound functioned as the animal's 

own control. The eschar was removed from bath the 

experlmental and control wounds prior to every radiation 

exposure. The area of the wound was determined by tracing 

the wound outlJ.ne on a glass slide and measurJ.ng with a 

polar planimeter. Laser exposure was contJ.nued until 80% of 
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the wound closure was achleved. Surinchak observed no 

difference in the rate of wound closure between the control 

and exper~mental sites. 57 

USlng the same experlmental format as ln the first 

study, cl seeolld study was Initiated. This time 26 rabbits 

were utilized and the total dose per exposure was ~ncreased 

2 
to 2.2 J/cm as weIl as the frequency to tWlce dally. 

Agaln, no signIflcant difference was observed between the 

experimental and control wound sItes in re&pect ta wound 

57 
c los ure . ' 

In 1115 two subsequent studles Sm"ll1chak looked at the 

effect of different laser energies on wound breaklng stength 

at varlOUS times post-operatlvely. In the thlrd study he 

looked a~ wound strength in rats. Full thlckness skin 

InCIsions 6 cm ln length were made on the dorsal mldllne of 

38 rats, the~ closed wlth surgleal staples at 1.5 cm 

lntervals. The anlm31s were th en dlvlded Into two groups of 

equal 8i=e, one as the exper:mental group, the other the 

control. The experimental anImaIs were expcsed twice a day 
') 

for three mInutes for 14 days, recelving 2.2 J/cm~ per 

exposure. At day 14 the anl~als were sacrifl:ed, the 

staples removed and a 1 cm wide by 5 cm long full thickness 

skin tissue sample W3S harvested across the lnclsional Ilne. 

This was then tested for breaking strength of the wound. 

This procedure was also performed on the control anlmals.
57 

Ta determIne If the laser radlat10n affected wound 

strength several weeks post-operatlvely, 37 rats (19 
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experirnental, 18 control) were used in the same fashion as 

ln the 14 day exposure group. but now exposed for 28 days. 

At day 28 the anImaIs aY3in were sacriflced and tissue 

aaruples harvested as prevlously described. Surinchak 

obsel-veè 111 the 14 day study a sigllificant increase in 

breaking strength was observed ~n the experimental group 

when compared to the control. The 28 day study anlmals, 

however, demonstr~t~d no signl~icant dlfference between the 

57 experlmental and control groups. 

HlS fourth study used full thlckness skin wounds as in 

study three. Fort y-four rats were used, dlvlded equally 

lnto experimental and control groups. ThIs experlment was 

conducted to see if an incL-eased total radlation exposure 

affected breaking strength. The experlmental animaIs were 

exposed for 5 nnnute::: tWlce a day to a total exposure dose 
'"l 

of 4.~ J/cm-. At day 14 the animaIs were sacrlflced aad 

wound Etrength investlgated as in study 3. Increaslng the 

total radlant exposure demonstrated no statistlcally 

signlficant lncrease in breaklng strength in the 

57 experlmental group when compared ta the control. 

Rlendeau also luoked 3t the effect of He-Ne laser on 

the breaklng s tl-erlgth <) f Ine 1 s ional wounds as weIl as the 

hlstol0g1cal characterlstlcs of the wounds at the llght 

microscopie leve:. This study used 24 rats dlvided into 

four groups of equal Slze. One group acted as the control 

with three experlmental groups. AlI animaIs had 3 cm long 

jorsalmidline lnClSlons made and coapted with two 5-0 nylon 
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sutures. On the fourth day post-InCIsion, the rats in 

e~perimental groups l, 2 and 3 had their surgicai InCISIons 

exposed to He-Ne 622.8 nm laser at a power output of 5.4 

mw/crn 2 for 2, 3 and 4 mInutes respectlve1y. Ac day 14 aIl 

animaIs, contrul and experime~tal, were re-anaesthetIzed and 

breaking strength of the wounds determlned after removlug 

the sutures. T::..ssue biopsies fr.:>m the l11C1Slon 11ne a1011g 

an intact margin were a130 hdrvested. The anImaIs were then 

SaCrl.flC'ed. It was observed that the bre3..: ng ftrengtll of 

the radiated experlmenta: groups were slgnIflcantly hlgher 

than the central. Between the experlmental groups 

themselves ~o Sl~~lflcant dlfferenc~ ~as observe~ ~etween 

the two and tl1ree 11llr.ute expo.:S1.lre groups. However, the four 

mInute exposure gro~p showed the greatest Increase ID 

breaki~g streLg~h and was slgnlflcantly higher than the two 

or three mInute exp0sure3. No o~servatlons were m3de at the 

light mlcrescoplC level which c.:>uld acco~nt for the 

dlfference ln breaklng forces between the control and 

. t 1 50 experlmen a groups. 

Hun ter performed an exper] mE'nt Inves tlga t Ing the Skill 

healillg in a porcine model exposed to He-Ne laser. The 

reason for the porc Ine model \>las ~nat the plg lS a t 19ht-

skinned mammal more analogous to hum ans than the previous 

experiments performed on loose-sklnned anlmals. TheEe 

animaIs tend ta have a very elastic skin and a thln 

subdermal muscle layer wlth few deep attachments. These 

features ailowed for rapid wound hea1ing prlmarlly 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 

dors um ôt 2 cm in terval s . The second pig had 32 incis ions 

made in a slmllar fasl11.0n. Twenty-seven wounds were chosen 

at randoll1 ar.d irradlated with a He-Ne laser of 64 mW output 

power 15 seconds pel' day untll wound :losure was achleved. 
'") 

ThlS equa~ed ta .9E J/cm~/day. The 35 nGn-irradiated wounds 

functloned as centrols. In the flrst plg no differences in 

wound heallng were noted between the experlffiental and 

co~trol inclsion~. However, ln the second plg lt was 

observed that the laser treated wounds were slgniflcantly 

sŒaller between days Gand 15. priar ta thlS and 

subsequel!tly no distinguishable dlfferences Wel"e observed 

between tllE' gl·Ollp~.. From this lt was concluded that there 

were no lastilHJ E'ffects ,A low enE'rgy laser therapy in a 

porClne r,lodel on wound healillg. 18 
A problem wlth Hunter's 

experlmellts lS that tte arllmals functloned as theü' own 

contraIs. Many authors have observed posslble systemic 

humor Ell e f f ec ts and there fore animal s cannot serve as their 

own contraIs when using He-Ne lase1'. 36 ,40,41,42 

Gretzlnger lnvestlgated the effect of He-Ne laser on 

hum an flbroblast nngrat ion ;..n vltro. TIns was accompl ished 

by us 111ÇJ S lX T- 2 5 f lasks which were innoculated wi th 

flbroblast& and cul tured until all flasks had achieved a 

confluent mODe layer cf cells. The confluence of the 

cellular monolayer was dlsrupted such that a cell-free gap 

was crea~ed. Three of the flasks were radlated once with a 
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He-Ne laser for a total exposure of .648 J/cm w
• Cell 

migration was monitored under a microscope by t~me lapse 
1'") 

vldeotape for ~lghteen hours. ~ The experlmental flasks 

demonstrated a significant lncrease ~n dlstance of mlgration 

at 6, 1: and 18 hour; ~fter the creatlon of the gap when 

compared to the co~tral. From tlus it was conclllded that 

He-Ne radiat10~ stlmulates the rate of flbroblast migratlon 

. . t 12 ln Vl ro. 

Mester and Bostra, in separate studjps llslng electr0n 

micro3CoPY, observed that He-Ne lrradiated tissues 

demons trated structural change s Wl thir. f lbroblasts . 5 ,37 

After lrradlatlon. the f~broblasts exposed ta laser 

demcns~~ated lntercellular alterations aver non-irradiated. 

In the irradlated f ibrobl a ~ ts 1 cytopl asm 1 cons lde rable 

hypertrophy of the secretory apparatus occurs. The rcugh 

endopl aSmlt l'et l.::ul um C1S ternae tlke up almos t the whul E- of 

the cytoplasm and GOlgl apparatus can be seen ln almost aIl 

...:>ectloJ1S viewed. The mi tocho:1dria lncrease l11 111.lmber as 
Ci 

weIl as size. - WIthln the lntercel11.llar mdtrlX abLndant 

aperiodlC collagen fllaments can be observed. These change~ 

are consistent with earller studles whlch found Illcreases ln 

collagen synthE~slS. J7 It was demC'l1stra:'ed that the 

produC't 1011 of collagen ln laser treated wounds were 30- 50'l. 

greater than the controls. It was hypotlleslzed that the 

effect of Ids~r radlatlon lS due to elther lncreased 

enzymatIc actlvlty or to the greater amount of enzymes 

released by (.rganelles. 
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Intere8ting resul ts were obtained by Abergel in 

fibroblast culture experlments. The cultures were exp08ed 

te He-He 11Tadlation at different 1evels of enel-gy by 

varying the tlme of exposure from 1-30 mlnutes and at 

interval~ of once or twice daily on several consecutive 

days. The res~lts indicated that a 81ng1e or two 

consecutive ex:~osures at 24 1101.11' lnterva1s had no effect. 

However, procollagen productlon was lncreased up to four-

fold ln cultures treated wlth low energy lasers when 

8ub]ected to four consecutive exposures at 24 heur 

inten'als. 1 In subsequent ln vitro studies Abergel 

demonst::ated mere profound l'esu1 ts ill terms of stimulation 

of co11agen synthesls 1n human flbl"oblast cul tu:,.-es. The 

highest enhancement of 36-fold was observed with an overaii 

average l~crease of four-fold. The h:gher enhancements ln 

co Il agel1 s ynthes H. were obt all1ed from cul tures wInch 

11l1t.l.ally syntheslzed procollagen at l"elatlvely 10w levels 

whlle les sel' lncrAase3 were noted in cultures which already 

actlvely ~ynthesized procollagen. The procoll agen 
"j 

productlon was monltored by the syntheslS of ~H-hydroxy-

praline followlng lncubatl0n of the cultures with 
3 ') 
H-pr:>li:le 1 and DNA re:J11catloll was élssessed by .... H-thymidllle 

incorp0ratlon. The He-Ne laser treatment did not affect DNA 

repllcatlon, therefore the procollagen lncreases could not 
.., 

be expldined on the basis of enhanced cell proliferatlon.~ 

It was als8 sh0wn that the role of the thermal cornponent ln 

las~r effect was excluded by demonstrat1ng no changes in 
") 

culture temperatures during treatment ..... 
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Saperia demonstrated elevated Type 1 and Type III 

procollagen rnRNA levels ln cutaneous wounds tre3ted witt 

He-Ne laser. 56 The results suggest that He-Ne laser 

~ tl.mulates ·>'lound 11ea11:1g by enlIanc i11g procoll agel1 gene 

expreSSIon. In this in VIVO study 1 the Type 1 procollagen 

rnRNA levels ln the He-Ne laser tredted group at day 17 

demonstrated about a 6.5-fold Increase. L~sser Increases, 

which were stIll statlstlcally slgniflcant, were observed at 

day 28. The Type III procol:ager:. m?tJA leve13 Indl,:ated that 

at day 10, the Type III procollagen rnRNA levels were 

approximately two-fold hlgher than th3t ln the untreated 

contrel wounds. More marked Increases were noted at days 17 

and 28. A concordance betweell Type 1 and Type III 

procollagen mRNA levels could he noted at days 17 and 28, 

sugge~tlllg a cocrdlna".:e regulatlon of the gene expreSSIon of 
sr.; 

these two procollagen3. ~ 

When He-Ne laser was applled to human embryc 
., 

fibroblasts at dosages of 1 J/cm~ via a single exposure, no 

functional or micromorphologlcal al teratlons of cell 

surfaces were observed. However, wl1en irradiatIng at 24 

hou::..- intervals for flve consecutIve .1aY3 to a total e:..:posure 

2 of 5 J lem 1 funct ional as we Il as surface charge changes ou 

cell membranes were noted. Kubasova bel1eved that these 

laser induced changes on the cell surface can contrlbute ta 
'>6 

the strength of cell to cell contacts.-

In a recent 3rtlcle Lyons cornpared wound strength and 

collagen ~yntheslS wlthln IDcisional wounds in mlce when 
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exposed to He-Ne laser. 31 The exposures were of five 

minute.=; dm-a tlon on al ternate days to a total dose of 1.22 
., 

J/cm~. The tenslle strength of the wounds treated were 

Elgniflcantly higher at one and two weeks as compared with 

non-lrradlated wounds. However, no statistically 

slglllflcant dlffe::en-::e was found at longer intervals (3, 4 

or 8 weeks) post lncislon. ThlS flndlng sugge~ts 

irradlatlon appearE te accelerate the formation of 

f~nctional sear, but with ~lme no dlfference between the 

group::-, E'xists. Wl1en the collagen con:::entl".3.tlons were 

observed 3. slgniflcant increase was noted at two and four 

weeks after laser lrradlatlon. The accumulatlon of collagen 

was not apparent at one week whereas the tenslle strength 

was markedly lmproved, ThlS observatlon suggested that 

additlonal factors resu:t ~n the lmproved t~nsile strength. 

These lltC Illde lncre ased cros s Ilnklng 0 f ex lS ting collagen 

molecules, lmpr0ved organlzatlon ef functlonal collagen 

flbres, or other processes of extracelllliar matr1x 

prodllctlon may be accelerated by He-Ne laser lrradlat10n,31 

Wl tllln the Il tel-atu:::e a number of studles lnvestlgated 

in V~V(l the effel't of low energy laEer radlatlon on full 

thickness skln def~cts, 18-20,22,25,39,43,57 Early reports 

lndlcatej an accelerated rate of epithellal growth ln 

response to low doses of laser. 39 ,43 These flndlngs were 

not without co~cern as Mester presents the questlon whether 

the undoubtedly faster regeneratlon of the epldermis will 

create a condltlon beyond the scope of phYSlologlc repair 
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which will lead t,) neoplastic changes. Subsequent 

literature has not demonstrated neoplastlc changes occurrlng 

as a consequence of low energy lasel- stlmulatlOl1. 

Hunter and Surlnchak demonstrated acceleratlon of sorne 

aspec~s of wound healing in the early stages of wound 

rep3ir. They dld ~ot, however, feel that these flndLngs 

. 18 57 would be cllnlcally slgnLfl:ant.' The laser treated 

wounds in tllese artlcles demonstrated early galns in wound 

cf.Jnt::.-acture by day 14 :3.lld 16, h<)wever, beyond thlS point the 

wound heallng in ~he experimental and co~trol groups was 

ob~erved to be equal. The early signlfl:an~ gaIns in wound 

healing are similar ta those observee ln other artlcles by 

Ikeuchl and Kana, who demonstrated sta~lstlcally slgniflcant 

enhancement of wound repair between days 3 and 12 post­

le) "2 operatlvely. -, - Ikeuclll Investlgated the re~ponse of the 

components of gr3~ulatlon tIssue ta He-Ne laser irradIatIon 

ln full thickness 3kIn defects. He found that. (1) the 

results of tissue hydroxyproline detel-mination showed 

siglllflcantly 111g11e1' levels by day 5 Hl the laser tu?ated 

group as compared ta day 14 ln the untreated group, 

suggestlng an ear11e1' heallng reactlon wlthin the laser 

treated group; (~) when l,x>lung 3.t DNA deternllnatlon. tlle 

He-Ne laser treated gro~p were hlyher by day 3, ~uggestlng 

earller proteln synthesls; and (3) when looklng at the scar 

tissue histologlca1ly, the tIssue wlthln the He-Ne laser 

group had collagen fibers drranged regularly with fewer 

caplilary vessels and flbroblasts, ln genera1 a more mature 

scar than observed ln the control. 19 
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In summary, the research into biostlmulative effects of 

low energy laser lS extensive and diverse. Many of the 

original published experiments were poorly deslgned and not 

readily repl1cable. This 18 partlcularly true of the early 

EaEtern European ar~lcles. Over the subsequent l'ears better 

deslglled experlments have attempted ta del1neate the 

biostll1lulatlve effects ln both ln vivo and ln vitro stud1es. 

When looklng at the blostimulative dosage of soft laser 

that will be most efficacious, recurr1ng patterns ln the 
"') 

literature I)ccur. In vitro. 05-1. 0 J/cm~ rad1.atlon 

37 41 42 ~ dosa(Jes' and ln Vl vo 1-4 J / cm ~ radlat ion 
'")4 "')e: ~7 40 41 dosages- ,~-,-, , appear to deli~er the most optimum 

effects of blostimulatlolL In vitro cell cul tures appear to 

have a g1'eater sensitiv1ty to radlation with negative 

influences demon~trated to h1gh dosage and repeated 

exposure3 of radlation. In vivo, cells appea1' ta L'>lerate 

mllch 11ighe1' dosages than the 11- 111 vltro counterparts. This 

may be dlrectly attrlbutable ta the physlcal modulatlon and 

alteratic.,n of the laser radiatlon by ove:..-lYlng cellular 

structures such as eschar, necrotic tIssue, other cells and 

epidermal a~pendages. Thus, the deeper ~ellular structures 

recelve lower levels of radlation. 

Mester's cont1'ibuticns to outl1.nlng areas of 

biostirnlllatlon of low energy laser are the rnost 

comprehenslve of any s1.ngle researcher. Although sorne 

experlments were poorly outllned the results Justifled 

·1 furthe1' Invest1gat10ns 1nto the effects he observed. Sorne 
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of Mester's contrlbutl0ns lnclude the observation that low 

energy laser caused: 1ncreased phagocytic act~vlty by 

39 38 leukocytes , lncreased hair growth ln depllated animaIs 1 

and the phenomena of dose dependency for optlmal 

blostlmulatoryeffect38
. As weIl, he observed changef ln 

36 levels of prostaglandln ~.yntheslS , and Immlllloglobuiln and 

41 complemellt levels ln response to low energy laser 

l-adiation. of the greatest slgnlflcance and most germalne 
')1: 

ta the thesis were h13 llivestigations of wound strength~-' 

d Il tl ' 37 an co agen .5yn 1es lS 

Other authors have verifled the Increases of wOllnd 

strength ln l'espoDse ta exposure of He-Ne laser.~5/31/50/57 

In an attempt to expiain this findlng, histologic 

19 50 5 37 ir,ves"':lgatlons both at the light 1 and electr\)n ' 

microscoplC level were undertaken. Under the llght 

rni:roscope few hlstologie changes were eVldent th1t would 

50 explaln the obaerved ~ncreases in breaking strength. 

Ikeuclll observed changes cons lS ten t w lth a more ma ture wound 

at earliel' tlmes ln the laser exposed dll1mals than 111 the 
1q 

control anImaIs. - Rlendeau hypotheslzed that 111CreaSes ln 

wound strength may ~E related ta Incredsed collagen 

formatlon and recomrnend~d ful'ther Investlgatlon Intn: 

(1) the effect of longer slngle exposures of He-Ne laser on 

break~ng strength' and (2) the changes in collagen content 

50 ln wounds exposed tn He-Ne laser. The electron 

microscoplC stud~es showed lncreases ln Slze and quantlty of 
1: ') 7 

organelles responslble for collagen synthesis.~,J 
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Kubosova, however, felt that changes in cellular surface 

charg9 was responsible for the 1ncreased breaking 
")6 

strength. '-

Abergel focused on collagen synthesls in his in vitro 

stud~es.1,2,3 He observed that ln order to generate 

signiflcant lacreases in collagen synthesls mulltple 

exposures of He-Ne laser were necessary. The earllest 

{, 19ni f 1· :ant 1r.crease s were seen after four cons ecu t 1 ve 

exposures at 24 hour intervals. 1 Subsequent studies looking 

at speclflcally procollagen demonstrated increased levels of 

procollagen ln response ta multiple exposures of He-Ne 

1aser.-'- The Increase in procollagen co~ld not be 

e:<plained ('Il the baS1S of enhanced cell prol1feratlon or ta 

a thermal component from the laser exposure. 2 • 3 Saperia 

demonstrated elevated Type 1 and Type III procollagen mRNA 

levels ln cutaneous wounds treated wlth He-Ne laser. He 

suggested that low energy laser stlmulates wound hea11ng by 

1 Il . S6 en lallCln;r proco age.l gene expresslon.-

Lyons looked at b~th collagen synthesis and wound 

strengtl1 111 m1ce e>:p·.)sed ta mul tlple exposures of He-Ne 

1 
31 aser. He observed increases ln tens1le strength of the 

wcunds of the experlmentdl animaIs 1nltlally, with no 

demonstl"able Increases ln collagen concentratIon. By the 

pOlnt that collagen concentration increases ln the laser 

exposed animals was evident, slgn1ficant increases wlth 

regards ta wound stength were no longer apparent. This 

suggested two thlngs: one, that He-Ne laser appearE to 
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accelerate scar formatlon, and two, elevated collagen 

concentratlon cannot be entirely responsible for increased 

wou~d strength. 31 

In the llterature, no one has attempted to demonstrate 

ln V1VO lf an extended single exposure of He-Ne laser would 

caus!::! an lncreased levei of collagen concentratio'l ln a 

surglcal wound. AlI authors have used short 

l " 'j ?1 
interval ,~,J,~ (maximum flve minutes) and multlple 

exposures (be lt tWlce a day, once a day or alternate days) 

to dernonstrate thelr flndlnys. This may be the result of 

the in v 1 tro s tudles demons tr3. t lng no lncreases in collaç/en 

1 synthesls ta a slngle exposure of He-Ne laser. ThlS theblS 

wlil subsequently dlSCUSS the effect of a 16 mlnute slngle 
") 

axposure of He-Ne laser (total dose of 5.99 J/cm~) in 

lnClsional wounds closed prlmarlly in rats as lt pertalns ta 

the collagen concentratlon levels. 
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Materials and Methods 

In thiE experiment 24 Sprague-Dawley rats wlth initial 

weights ranging from 95 to 110 grams were used. The animaIs 

were housed ln a laboratory which provided twelve hours of 

dayllght, twelve hours of darkness, and a maintalned room 

tempe rature of 23° C at aIl times. The anlmals' diet 

conslsted of Purina Laboratory Rodent chow and water. 

The anImaIs were dIvlded into six groups of equai size 

conslstlng of four an1mal::; pel' group. Gro~lps l, 2 and 3 

acted as ~ontroi groups and Groups 4, 5 and 6 acted as the 

experlmental groups. AlI a~imals were prepared for the 

surgl.cal procedu;.-e by Intra-perl toneal adminis tration of 

sodIum penthothal (65 mg/cc), 0.06 ml per 100 gms of body 

weight. Aftel' belng rendered unconscious, a 5 x 3 cm area 

on the dor3al ~urface was shaved uSlng electrlc clippers. 

The surgl~al site was then cleansed uS1ng 20~ isopl'opyl 

alcchol swabs. Undel' asceptlc conditions. a 1.5 cm full 

tlllckness skin incision was made in tI-.e central region of 

the prepared area using a number 15 Bard-Parker b:aee. The 

Sklll lateral te the inciSIon was undermined to ensure 

complete separatIon of the wound margins. The woul1ds were 

thel1 c~apted U5111g 5-0 nylon suture materlal by placing 

slmple Interrupted sutures at 5 mm Intervals along the 

surglcal InCls:on. This resulted in aIl animaIs raceiving 

two Interruptee sutures (Plate 1). 
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Plate l 

Alllmal f 0:1 lCWlr.g lllC 1:: 1Cll al.d C,)cl.1=- ta t 1011 

cf the surglc:\l wl'und .11ê.rç,1l\::" 
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After the surgical procedures, the animaIs were 

released to thelr cages and allowed to recover from the 

anaesthetic. On the fourth day post-1ncisl0n, experimental 

Groups 4, 5 and 6 were re-anaesthetized and thelr surgical 

r~l tes irradiated Wl th He-Ne laser. In this experimen t Soft 

Laser 612 was utll:zed (Plate 2). Th1S lS a helium-neon 

laser which em1ts radlation of 632.8 nm with a maximum 
., 

output pcwer of 10 mw!cm-. The laser was conducted te the 

su~glcal incision via a flberept1c cord. The laser 

rad1at10n was delivered in a continous mode at a distance of 

1.5 cm from the skln su~face such that the surg1cal Lncision 

transected the laser beam. AlI experimental animaIs 

recelved sixteen minutes of exposure resulting ln an energy 
? 

fluence of 5.9~ J!cm w
• Following the laser exposure the 

an1mals were returned ta their cages and allowed to recover 

(Plate 3). 

On day 6 post-lncisicn, control Group 1 and 

experlmentdl Group 4 were re-anaestheti=ed, the surgical 

wounds cleansed, sutures remcved, re-shaved and surglcal 

sc al' band ':?~,cised (Plate 4 & 5). Tlus was accompl1shed by 

making two pardllel 1nc1s10ns, 1 mm on e1ther side of the 

prev10usly placed 1nc15ion line through the full thickness 

of the skin. ~hese inClSlons were released at the1r ends 

and the sca1- bands removed, lysing any subdermal adheslons 

as necessary. The ~issue samples were labelled for 

ldentif:cat~on, wet welghts obta1ned and then stared at 

-20 0 C ln 1ndlV1dually stoppered test tubes awaiting 
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Plate 2 
~) 

S~ft Laser 632 \maXlmal power output 10 mw/cm~). 

Pla te 3 

Anaesthet1ze1 an1mal rece1v~ny soft lase~ rddldtlon 

to the surg1cal s1te on day 4 post-lnC~s10n . 
.... 
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c011agen cuncentrat~on assay. After the harvesting of the 

S:dr bands the anImaIs were sacrIficed by ether Inhalation. 

HarveEtIllg of tlSf.'.JE' was repeated on days 10 and 14 post-

InCISIon on Groups 2 and 5 and Groups 3 and 6 respectlvely 

(PlateE. G,7,8,9). 

The tissue sarnples were then separately hydrolysed in 

G ~ He! at 105 0 
: for 20 hours. After beIng ccmpl9tely 

hydroly~ed and then drled in a speed-vac, the samples were 

dIluted in N3 buffer solution of pH 2.2 to 1 ~g of tissue 

residue pel' 10 ~l solution. From this a sarnple of the 

~olutlon wlth hydrolyzed resIdue was drawn off and placed in 

an amIno dCld analy~er for spectrophotometr~c analysis 

(Plate :0). The amIno dCId analyser lS calibrated ta 

identIfy and quantlfy the peak correspondlng ta 

hydrùxyprollne wlllch accounts fOl 14'~. of collagen. This 

allows f01 dIrect comparlson between the tIssue samples' 

collagen content ~n the baS1S of theIr hydroxyprollne 

ct . b d b k' 65 COl1:-E'LtlatlOl1 as l..eSCTl e y KIVIrl ]{O 

The allaI ySl:5 of the data utlllzed Independent-groups 

t-test t-:' detennine t~1e slgnificance ,f difference between 

the contrül and experimeüLl..l r'?Euli:s. Th? "/arlance (Jf 

value~ withln each group were anal~zed and the F-values 

determIned. The statlstlcal power of the test was 

66 calculated followlng the method described by LachIll. 
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Plate 4 

Plate 5 
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Plate 6 

('on~:rol w('und 10 délYS po~t-1l:'ClSlO,1. 

Plate 7 

E:-:r:-:!L:.!r.ent.:il .'Jound le jay~ pcst-Hl(":lS:CI~. 
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Plate tl 

C2ntrol ~ound l~ i3YS p~~t-_nC1Jl)n. 

P] a te 9 



67 

.,.. 
ïiï 

Plate 10 
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Results 

Collagen Content Assay 

The coll agen '.:c>ntent Wl tlul1 the t lssue s amples was 

reflected by the amount of hydroxyprollne measured. 

Hydroxyprollne accounts for approximately 14% of the 

..:::ompcner.ts constitutlnq all fCTms of cOllagen. The 

dlstlnctlve p.?ak upon spectrophotometrlc analyslf. (Jf 

collagen dlsp:ayed by hydroxyprollne aSslsts ln Its 

quantlflcatlon Wlthl11 a known welght of t13sue (Flgu10 S). 

~he control Group 1 and experlmental Group 4 had the 

hea11ng lnClSlO~S exclsed ~n day G, For the experlmental 

group this corresponded to :2 day:.:: post-lasel- e:<posure. The 

wet welghts (Table 1) of the :lssue sampie:.:: W2re obta1ned 

a.nc: hydl ~lY::'l:lg of the "amples performec: ln a unlform 

ma.nner. Tte control group had a mean value of 

hydr~)::yprollne of t. 03 nm wltl-. a standard devlatl":m ·)f 

and a nlll1lnHlf:l ~md maXImum value )f 5.44 nm 3Ed 6,70 n111 

respecti\ely. The experlmental group had a fil ~ ail 'J a 1 U€- " ç 
" J.. 

6.3511111 'V'llth a ;.;tandard de·Jl3.tl)11 (l~ 1 '): a.1d d mi:lllllum awl 

n~a:{lill\lm v=t}ue of 5.17 ml and 7,:6 I1m r~spectlvely. The 

experlmental gl'O'Jp dem0l1str3ted .:1 .?~ ;:m l:lqh.::-r m~ar. valu,:, 

than the mean of thE' c'::n 9spe'n:llng control grcup (Tdble :2), 

The cont roI Grou~ 2 and e>.pe r lnh?l'. t al GrC>llp 5 11 ad the 

11 e a Il n g l 11 C l S i 0 Ils e :< C lE. e d 011 d a y 1 0 po s t - III C l S 1<) n . TIns 

repl'esented 6 days post-laser therapy f)r the e:<per lmental 

gl:OUp. The mean value of hydroxyprolll-.e for the cCilltrol 

grc)up was 6.61 nm w.:..th a standald devlatlon of ,4=:~, al.d 
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Figure 8: An example of the spectrophotometrlc analysls of 

the tlssue sample wlth arrow identifYlng the peak 

.. correspondlng to hydroxyproline . 
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Control Sample Wet Weight (grams) 
Group Rat Day 6 Day 10 Day 14 

1 .0631 

1 
2 .0334 
3 .0409 
4 .0762 

1 .0660 

2 
2 .0301 
3 .0693 
4 .0492 

1 .C43l1 

3 
2 .0658 
3 .0570 
4 .Of·30 

Experimental 
Grou12 

1 .0722 

4 
2 .0531 
3 .0650 
4 .0656 

1 .0712 

5 
2 .0692 
3 .0622 
4 .0836 

--- ------- - -
1 .0522 

6 
2 .0620 
3 .0318 
4 .0539 

Table 1: The wet weights of tlssue samples harvested. 
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Control Mean Values (nanomoles) 
GrouQ Rat Day 6 Day: 10 Day 14 

-
1 6.07 

1 
2 ~I. 89 
... 6.70 
4 5.44 

6.03* 

1 6.05 

2 
2 6.91 
3 6.97 
4 6.52 

6.61"" 

1 7.77 

3 2 7.31 
3 6.89 
4 lost 

1----. - -------- -- -- 7.32* 
Experimental 

Group 

1 5.17 

4 2 7.15 
3 5.82 
4 7.26 

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 Il samples are due to variation in 
hydrolyzing of tissue samples wh1ch rendered them 
unacceptable for direct comparlsons. 
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minlmum and maXlmum observed values of 6.05 nm and 6.97 nm 

respectlvely. The exp~rlmental group had a mean value of 

7.55 nm wlth a standard deviatlon of 1.49, and mlnimum and 

maXlmum value of 5.49 and 9.0 nm respectlvely. The 

experimental group dgaln demonstrated a hlgher mean value 

when compared te. the control by .94 nm. Also nc,ted was a 

marked lncrease in range of values of hydroxyprollne 

observed withln the experlmental Group 5 when ccmpared ta 

the control (Table 2). 

The control ~rollp 3 ar.d experlmental Grou,iJ !: had the 

healing 1nC1Slons excl~ed on day 14. ThIS represented 10 

daY:3 P')S t -1 aser the:-apy fer the exper lmel1 tal gr·)up. Due to 

a hyd;,-cl yz 1:19 technique v 3.1' la tlon, one s aillple was l.)s t fi'om 

the central group and three samples from the experlmental 

group. The values obtalned were not utlll:ed ln the 

statlstlcal analY.3e~" but chd follow a pattern ~:llnllar te' 

lhe prevl'Jusly dlscussed groups. The mean value of 

hyjl-oxyprcllne for the contl'ol .;Jroup was 7. J2 nlil Wl th 

minlmum and maximum values of 6.89 nm and 7 77 nm 

respeC"t::.vely, The slngle e:-:perlmelltal vaLle WriS 7 r:7 llm. 

The expel'imelltal group mcllntall1ed a mal glnally 111gl1e1' 

hyd1'oxyp1'ollne C"~ntent when compaled t0 the control. 

H~lWever 1 no appl'ec i ab le ln.: l'ease f rom the prev 1011S 

experime~tal Group 5 (Graph 1) was observed 

The largest magnltude 2111g1e Increa~e 111 meal1 value~ of 

hydroxyprollnE was observed between expel'lmental '::;r,:'up 4 èllid 

5. An obE,er'"ed 1l1CreaSe of 1 F' r.m 11'. the mean values wa;, 

noted. 



1 

73 

Statlst1cal Analysls 

In arder to chose the rlght verSlon of the test for 

comparlson of means, the equality of var1ances was tested 

and F values we~e: 

for Day 6: t = -0.564 (p = 0.6002) 

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

The mean values of the control and experlmental groups on 

days 6 and 10 were compared uS1ng lndependent-groups t-test 

wlth the respectlve variances assumed ta be equal as bath F 

values are non-slgnlficant. Bath t-~ests gave non-

slgnlficant results of. 

for Day 6: F 3 ,3 = 3.84 (p = 0.2985) 

fur Day 10: F3 3 = 1'2.35 (p = 0.(681) , 
However, the mea.n values ln both exper1mental groups are 

].:.;,.gher than tLc)E.e in the contraIs. Moref)ver, the l'espect1ve 

F valu~s show that standard deVl3.tlons ln the experlmental 

He-Ne laser group~ were subatantlal1y hlgher than those ln 

the contlols (three to flve tlDes h_gher on Day Gand 20 

t1mes h1g11er on Day 10). Thus the lack of slgnif1cance may 

te partly due to the h1gh variance ln the He-Ne group and te 

the blna.l':' .~ample Elze,:; (N = 4 ln each group). 

Therefore, the statls~lcal power of the test was 

F.7 calcul3ted as descrlbed by Lac~ln. - The power lS 

Interpreted here as the probabllity of detectlng the least 

c 11111(:al1 y import an t lncrease of 5~. ln hydroxyprol1ne 

content (111 comparison wlth the controls) due to exposure ta 

He-Ne laser by the test uf ~lze (N = 4) and slgnif1cance 
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level a = 0.05 (the relative increase of 5% corresponds to 

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

estimated pooled varIances for the respective days were 

used: 

82 (6 days) = 0.660 

82 (10 days) = 1.203 

The power calculated based upon the above assumption 

was about 14~ (Za = 1.09) for Day 6 and 33% (Ze = 0.44) for 

Day 10. The low statistical power of both tests, when 

cowbined with the fact that the means for the laser group 

were actually higher, indicates that a larger sample size 

may lead to a slgnificant result. 
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Discussion 

Numerous in vitro and 1n VIVO studles have demol1strated 

biostimulative properties of low energy laser on factors 

related to the heallng process. of particulal- lllterest are 

those studles WhlCh have demonstrated lncreased synthesls of 

collagen either ln vi~ro ur ln vivo as a consequence cf 

He-Ne laser exposure. Mester 37 was the f~rst ta descrlbe 

thlS flnd:..ng and SUbS,?Cluent western studles by Abergel 1 and 

31 Lyons have sl.pported lus f Indlngs . However, ln e aeh 

Instance where elevated levels cf collagen synthesls was 

observed the cell cultures or animaIs were exposed to 

repeated doses of laser radlatlon over several days. 

Abergel ot3~l-ved ln ',,'1 tro that ln ord:?r te) appreclate a 

change ln colldgen content repeated dally exposures were 

1 necesEary for at least four days. Subsequent ln vivo 

studles uSlng exposure dOhes and lntervais ~lmllar ta 

Abergel'..:; have dem)l1strated elevated leveis of collagell 

contellt wJ.tllln healing \'lOl1l1ds. A question left unallswered 

by those studies ls would ~ slngle exposure equal to those 

doses necessary to cbserve lncreased collagen content have 

any e~fec~ on collagen content wlthln a healing wound? In 

terms of a cllnlcal situatlon, a slngle exposure would be 

advantageaus to bath patient anj cllniclan lf lt was 

demonstrated te be beneflClal. 

The present study was performed to look at the effect 
'l 

of d single extended exposure (16 minutes) dose (5.99 J/cm~) 

of He-Ne laser (632.8 nm) on heallng prlmarlly closed full 

thlckness skin inClsions ln rats. 
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The laser adrnlnlstratlon was performed four days post-

incision on the basis of the fact that, accordlng to 

peacock49 thlS p01nt marks the begiOlllng of the 

prollferat1ve phase of wound repalr. ThlS phase begins 

between days three and flve and extends to days 14 to 21. 

Prl.or to this the lnflarnmatory phase of heallng lS 

predomlnan t. Therefore, the assumptlOn 18 made that if 

elevated collagen content is the desired biostimulatlve 

respo11se to He-Ne laser, exposure to the laser 1S best 

1111 t 1ated when the wound has the appropr late cells ln 

poslt1on to do SO, Le. three to five days aftel" 1njury. 
'")1 

Lyons...) observed ln mlce that exposure doses of 1.22 
'") 

J/cm L. adml.ll1stered on al ternate days demonstrated 

slgnlflcant lncreases in collagen content after two weeks. 

This w01.l1d mean that an approximate cl.lmUlatlve dose of 8.5 
'") 

J/cm'" was admu.1stered to the anlmals for a total duratlon 

of approx1mately 35 mlnutes. This would appear to exceed 

what lS considered an optimum b10stlfilUlat1ve dosage if it 

was to be ddmllllstered as a slngle exposure. 24 ,25,3 7 ,40,41 

The dose for the study was therefore selected to reflect the 

higher llmlts of what could be considered biostimu1atlve at 
'") 

5.99 J/cmL. 111 a slngle exposure and the 1ength of tlme 

necessary to obtal11 thlS energy f1uence was calcu1ated to be 

16 mlnutes. 

with no preVlOllS studles perfonned 100king at the 

effect of an extended 51ng1e exposure of He-Ne laser on 

':'011 agen content ta function as a guide, the t irnes post-

-
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1 
~nciSl<)n at wh~ch t~SSl1e samples were harvested Volere 

selected to reflect :1 ClOS5-sectlon of pC1lnts wlthu1 thl? 

prollferdtlve pha~e of wou~d repalr. 4' peacock ' noted thctt 

appruxLmately day 15. 

day~ f)1" tlSsue 11.11"\ es tll1g (,f 6 

~!1cI.3ior. woulc1 reflect ct CIO:,.:> sectIon ,)f tLe pr,jllferdt l\'~ 

If a 311.g18 ezpOS',ll:e :jf H2-Ne lasE-r ')i1 cl '.";,,)l:nLl .'1t 

Intervals would bE.· 3.ble t( dem(1l1stratE::' If the E:ffect '.J.1.: 

sust2\lned or tl'anSlent, 

\'iere lilgher ln the experlmental alumals at aIl Illten/ah 

or.:':.E-rved when ,:;oll1pared to thelr re.:;;pecti 'le contn)l çlr .>11[-

(Grapl1 1). Ulifortunately, 301l1ê samples 111 contrul alld 

ExperImental GrC'UpE at day 14 w-=-re 10:=--t, renderIn<] tLe!l1 

unac;e~table for statlstlcal an&lysI~. Even thOl\gb the me::ll! 

value~ on Day ~ a~d 10 r~flected elev3.ted level ~f ~Gllagen 

conter.t (Table 2) WI t 111 li the experimental gr·)llP::, the 

increa~~e!:- were det2rnnned to be nOI.-slgniflcar:t. ThlS 'N3:' 

due t,) the smal";' ::.am:r:le ~)lze (N = 4) and the 11lgher degrf"-e 

of val'labl.llty within the e::perllnental grol\ps (standard 

deviatiofiS of 1.02 on Day 6 and 1.49 on Day 10). 

The l'espon:=e to d sIngle expc'sure of HE:-Ne laser 

1 ùppeared to be the nwst robust 0!1 Day 10 POSt-lIlC1SIClll WhlCh 
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equ3teb ta Day E post-laser exposure. The single Day 14 

exverimental result dernonstrated ~o further ll1crease 111 

hydroxyprollne content over the mean value of the Day 10 

experlmental group. TInE observatloll suggests that the peak 

('l.ll age!. ';on ten t r.,ay have bee11 acllleved Wl tlll11 the Day 10 

exp~llmental group thereby demonstratlng a more rapld wound 

:lt· :1llllÇ) rE' S POIlS E- t 0 tLe He -Ne lase r wl".en C ompared to the 

CI-'lit:::': 1. TIlH' r)bServatlun w')uld be C011slsten:: wlth the 

18 19'~ S7 
f j.110.1:1g::-, ,.lf Hunter , Ike.lch l , Kë.1ia~~ ènd Surlr,cha}~ - , 

T!le 11lg11er degret::> <Jf varlablllty wltllln the value;:; of 

th~ ex~erlrnentdl groups mdy be partlally a factor of 

In terms of the 3ngle of 

dell'/ery (Jf thE- la::er exposure, an a1-tempt waE made to 

dellve:: :Le Iasel ulllformly at nght angle~, te. the wound 

::urf3.ce. Mlnor varlat::"Ol1..: e:<lsted due tel S~,lght alteratlons 

111 thE- dl tuaI wound pla-:ement. As weIl, borne movements of 

tile seclated 311l111als may have ()ccurred cll terll1g the fleld of 

e}:pusure of ::he laser and the distance of the wound furface 

to the la~,el- S0urr:e. 

d 1 d 25.2850 56,57 l d Woun .:-tl-engt 1 stu les 1 1 lave emonstrated 

lncreases 111 wJund strength in respo11se ta He-Ne laser 

dlll-lllg the f 11"S t fOUl'teen da ys of wound healing. , 50 
Rlendeall 

suggested tIn::. may be ct consequence of elevated cOllagen 

cuntent witlll11 a wound. 31 , 
Lyons 1 however, ln a subsequent 

study fUlllld that ln response to mul tiple exposures of He-Ne 

laser, collagen content W3.S 111creased dfter the elevated 

w0und strength waF no longer significantly different from 
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the control an1mals. He concluded that the w0und strength 

increases ma:! be è.ue te :"omethlng ,-)ther th~d1 lncre-1sed 

coll agen content Wl :11111 the wound. Al though wc>und strength 

'da::.; not dire~tly address~d ln tIn:, stt:d~', If tl e o;)~et-vpc! 

trelLd of 1n::reased l1ydr');-:YP1'ollne content \.11 the laSE'l 

exposed .:Ilu.mal.: lS Indeed C,)lTect, collagen f .'l'mat.!. -'Il aIld 

.:ontent l1lélY bE' pl~Ylng él greatel r:1e ln early 11hrea::;t.' .. 111 
., 1 

W<'Jtll1d strE-ngth thall ::ougge::.teC: by Lyonf -' J. 

Wlule demon:::r.rat1Lç.r 3. tL'end (jf eleV.:1+:'lUII 111 

TiU s nid y be J\l':' ct t 

least ln pal t t'J tl"lE' smal ... :,-,1:"". Tb..,:, flnèlnCj:~ du, !.owev"'·j, 

pi'evlouEly appl"eC'lated _11 tl",e l1terature an::1 :"ugge:.-,t ~ludclel 

apfcllcat.ons of s1.1:g1e eXpOSlll'e He-Ne la~el a.: "1 the::aveu+-l ," 

too::' ln wound lep':'ll". 
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Summary and Conclusions 

ThlS experlment Etudled the effeet of an extended 

Elngle exposure dOSE of He-Ne laSE'l (S32.8 nm) on healing, 

[,l'ln,allly closed full ~11l ::kness S}:lll lnC1S1ons on the do1'surn 

.of YCU,1ÇI SpraÇIue-DJ.wley l-atE'. ThE' wounds wel-e rad1ated W1U. 
""\ 

H~-Nf 13~~1 of a 5.99 J/cm- d03e cver a 16-m1Lute perlod, 

[('ll!' da y.3 a ft':? l the ln lt 1 a l full t!ll ,~kne S5 sk _11 lllC 15 1011 was 

mad.:., TLt::: l;,):ll.d~, were eXCl2E'd on days G, 10 and 14 post-

:Jper,:1tlvell' .:l.lid col:age:l conte_1t ëlssayed by mea:::urlllg 

~ :-:c l sed v,wund:::. 

The meaD valueE ~f hydro~yp1'ollne lD aIl lase: exposed 

anImalE. Hc·wever, nn statl::-tl,::al EIgnlflcance c')uId be 

attrIbut ed ':u t1.1E fll1dl:lg due to (1) the small 3ample .:aze 

w~thl~ t~e resultE obtdlDed ln the experlmental anlmals. 

Th':?refore l,a conclUSlon can be drawn upon the effeet )f 

cl slogle expOSLre ~f He-Ne laser on collagen content wlthln 

a heallng w01.lnd. It Goes, howe',er, suggest th,3t an effeet 

lnay e~a ,- t alld Indic a te:" tha t the exper lmell t sl10uld be 

l'epeated W1 t!i 1 arge1' groups si zes ln an a ttempt tr) 

demollstrate statlStlcal ;:.lgnificance. 
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