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AAAbbbssstttrrraaacccttt

TTThhheeeEEEffffffeeeccctttooofffsssiiinnngggllleeeLLLooowww---PPPooowwweeerrrCCCOOO222LLLaaassseeerrr
iiirrrrrraaadddiiiaaatttiiiooonnnooonnnhhhuuummmaaannnPPPDDDLLLfffiiibbbrrrooobbblllaaasssttt

PPPrrrooollliiifffeeerrraaatttiiiooonnn&&& DDDiiiffffffeeerrreeennntttiiiaaatttiiiooonnn

Low-powerlasertherapy using CO2 lasers is known to activate
surroundingcellsandtissue.Shiozakietal.(2005)achievedthatlow-power
CO2 lasers induced not only mineralization but also osteoblast
differentiation.AndTajimaetal(2003).reportedthatlow-powerCO2laser
acceleratesnew boneformationwithinthemarrow cavitysubjacenttothe
lasertreatmentsite.Inspiteofsuccessfulclinicalandexperimentalresults,
themechanismsunderlyinglow-powerCO2 lasereffectsarestillpoorly
understood.
Theaim ofthisstudyistoevaluatetheeffectoflow-powerCO2laser

ingrowthandproliferationofculturedhumanPDLfibroblastinvitroand
tounderstandbetterabouttheeffectoflaseronperiodontalregeneration.
Thestudyalsotriedtofindoutthemosteffectivedegreeofenergyand
powerdensity wherecellproliferationanddifferentiationtoosteoblastic
cellshighlytakesplaceafterlaserirradiation.
The experimentalgroups were divided into 4 groups by applying

differentirradiatingdistancesfrom culturedcelltolasertip;2Cm (Focal
spot=∅0.74mm),3Cm (Focalspot=∅1.04mm)anddifferentirradiatingtime;
1second,3seconds.Andtheywereappliedtolaseratapowerof0.5W



with50Hzundercontinuousmode.Thecontrolgroupwasnotappliedto
laser.MTT andALPactivitytestwereperformedtoobservethegrowth
ofPDLcellsandcelldifferentiationtoosteoblasticcells.Theresultareas
follows.

1.Onthe5thdayafterlaserirradiation,statisticallysignificantincreaseof
cellswerefoundinallgroups.But,nosignificantdifferenceswerefound
amonggroups.

2.StatisticallysignificantincreaseofALPactivitywasseenonthe3rd,
5th,7th,and10thdayafterlaserirradiationcomparedtothebaseline.
Amongthis,therewerehighestALPactivityon3rddayexcept2cm,1sec
group.2cm,1secgroupshowedincreaseofALP activitynotstatistically
significantfrom the3rddayto10thday.
Onthe7thand10thday3cm,1sec,3cm,3secand2cm,1secgroupshowed

significanthighscoreofALPactivitycomparedto2cm,3secandcontrol
group.

Inthisstudy,therewasaweakeffectoflow-powerCO2laseroncell
proliferationbuttherewasabettereffectoncelldifferentiation.2cm,1sec
irradiation wasfound tobethemosteffectivecondition forPDL cell
differentiationinthisstudyand3cm,3secwasfoundtobeefficient.111)))

KKKeeeyyywwwooorrrdddsss:::CO2laser,PDLfibroblast,cellproliferation,celldifferentiation,
powerdensity,Energy



TTThhheeeEEEffffffeeeccctttooofffsssiiinnngggllleeeLLLooowww---PPPooowwweeerrrCCCOOO222LLLaaassseeerrr
iiirrrrrraaadddiiiaaatttiiiooonnnooonnnhhhuuummmaaannnPPPDDDLLLfffiiibbbrrrooobbblllaaasssttt
PPPrrrooollliiifffeeerrraaatttiiiooonnn&&& DDDiiiffffffeeerrreeennntttiiiaaatttiiiooonnn

IIInnnKKKwwwooonnnJJJaaannnggg,D.D.S.
DepartmentofDentalScience,GraduateSchool,YonseiUniversity
(DirectedbyProf.Chong-KwanKim,D.D.S.,M.S.D.,PhD.)

III...IIInnntttrrroooddduuuccctttiiiooonnn

Laseriswidelyusedinoralsurgery12,27,endodontics,periodontology14

andrestorativedentistry25.Laserscanbeclassifiedassurgical(high
power)andnon-surgical(low power)accordingtotherapeuticpurposes.
Particularly low-power laser,has been increasingly used for the
treatmentofinjuriesofsoftandhardtissue.
Low-powerlasersarewidelyusedastissuestimulator,toimprove

woundrepairandanti-inflammatoryandanalgesiceffects.5,23

Experimentalreportshavealsosuggestedthatlaserwouldaccelerate
wound repair.2,8,18,23,38,39 Thiseffectcould beexplained by changein
mitoticactivity.24,35Favourableresultswereachievedinexaminationsof
hardtissue,asbonefracturesinmiceshowedafasterformationof



bonetissuewith atightermesh oftrabeculaeafterthreeweeksof
dailyirradiationwithHelium-Neonlaser.32AndOzawaetal.(1995)achieved
a significant increase in the total area of bone nodules with a
Gallium-Aluminium-Arsenidelaser(GaAlAs)inadose-dependentmanner.21

(10.8-108J/cm2/day) Another studies report that low-power laser
promotes growth and differentiation of cells through many
experiments.1,7,13,22-24,26,34 This shows thatlow-powerlasermay give
positive effects in regeneration ofperiodontaltissue by promoting
growth and differentiation ofcellsrelated toregeneration,especially
hard tissue regeneration,and this could be applied in destroyed
periodontaltissue.6,19,30

Theenergy ofwavelengthofcommercially availableCO2 laseris
10.6 ㎛, which falls in the far infrared range. This particular
wavelengthofenergyiseffectivelyabsorbedbywater.Consequently,
theCO2laserwouldappeartobethebestchoiceforuseonhydrated,
composite mineralized tissue such as bone.11 Also,low-powerlaser
therapyusingCO2 lasersisknowntoactivatesurroundingcellsand
tissue.Shiozakiet al.(2005) achieved that low-power CO2 lasers
inducednotonlymineralizationbutalsoosteoblastdifferentiation.29And
Tajimaetal.(2003)reportedthatlow-powerCO2laseracceleratesnew
bone formation within the marrow cavity subjacent to the laser
treatmentsite.31Inspiteofsuccessfulclinicalandexperimentalresults,
the mechanisms underlying low- powerCO2 lasereffects are still



poorlyunderstood.
Theaim ofthisstudyistoevaluatetheeffectoflow-powerCO2

laserinproliferationofculturedhumanPDL fibroblastandtofurther
understand lasereffectin periodontalregeneration.In addition,this
studytriedtofindoutthemosteffectivedegreeofenergyandpower
densityinwhichcellproliferatesanddifferentiatestoosteoblasticcells
afterlaserirradiation.Throughthis,weintendtomakethebaseof
clinicalperiodontalregeneration procedure by low-power CO2 laser
therapy.



IIIIII...MMMaaattteeerrriiiaaalllsssaaannndddMMMeeettthhhooodddsss

PPPDDDLLLccceeellllllssseeepppaaarrraaatttiiiooonnnaaannndddcccuuullltttuuurrreee
The human PDL fibroblastwas gathered and cultured from a

healthypremolarextractedfororthodontictreatment.Beforeextraction,
plaque and calculus were removed with the use ofa periodontal
curette.TheextractedtoothwasthenrinsedwithHBSStoremovethe
bloodandotherforeignbodies,thePDLcellswerecollectedfrom the
middleportionofrootsurface.

ɑ-MEM including 10% fetal bovine serum,100U/ml penicillin,
100mg/mlstreptomycinand0.5mg/mlamphotericin-B wasusedasthe
culturemediawith an environmentof37℃,100% humidity and5%
CO2.Culturemedium waschangedevery2or3days.

EEExxxpppeeerrriiimmmeeennntttdddeeesssiiigggnnn
Theexperimentsweredividedinto1)MTT assay,2)ALPdetection

assayand3)ALPactivityassay.Thecontrolgroupwasnotappliedto
laser.Experimentalgroupsweredivided into 4 groupsby applying
differentirradiatingdistancesfrom culturedcelltolasertip;2Cm(Focal
spot=∅0.74mm),3Cm(Focalspot=∅1.04mm)and differentirradiating
time;1second,3seconds.



AAAppppppllliiicccaaatttiiiooonnnooofffLLLaaassseeerrr
Laser-treatedspecimenswereirradiatedwithaCO2laser‡2)usinga

focusedbeam of 0.74,1.04mm diameterfocalspot,wavelengthof10.6
㎛.Laserparameters were 0.5W ofpowerdelivered at50Hz with
continuousmode.Theoperatorworetheprotectionglassesfortherisk
ofdamaging theeyesduetothedirectvisionofthelaserandthe
refractionofthebeam.

MMMTTTTTT aaassssssaaayyy
AfterseedingPDLfibroblastat96wellplate,thecellswerecultured

itin α-MEM including5% FBS andwasmadesurethatcellswere
attachedtotheplate.Onedayafterseeding,laserwasirradiatedand
MTT assay wasdoneevery 0,3,and 5 dayslater.Differentlaser
treatmentconditionswereappliedwithdifferentdistancesfrom cultured
celltolasertipandirradiatingtime.Thedistanceswere2cm and3cm
withtimeconditionof1second,3second.Andthecontrolgroupwas
notexposedtolaser.
The samples were measured by using cellproliferation assay

kit(CHEMICON InternationalInc,Temecula,CA,USA)onabsorbantof
570nm wave,andpriortomeasuring,theculturedcellswereincubated
byremovingreagentoutofthekitasmakerallowed.

‡OPELASERO3SII,YoshidaDentalMFG.CO.,Japan



AAALLLPPPdddeeettteeeccctttiiiooonnnaaassssssaaayyy
AfterseedingPDLfibroblastat24wellplate,thecellswerecultured

itin α-MEM including10% FBStillitbecomesemi-confluenced.Laser
wasappliedandALPwasdetectedafter0,3,and15days.Atthistime
differentlasertreatmentconditionwasused.Differentlasertreatment
conditionswereappliedwithdifferentdistancesfrom culturedcellto
lasertipandirradiatingtime.Thedistanceswere2cm and3cm with
timeconditionof1second,3second.Andthecontrolgroupwasnot
exposedtolaser.
Detection was done by using TRACP & ALP double-stain kit

(TakaraBioInc,Seta3-4-1,Otsu,Shiga520-2193,japan)andsamples
wereviewedunderlightmicroscope.Beforesampledetection,thecells
were incubated by removing the reagent out of the kit as the
manufacturerallowed.Andthecontrolgroupwasnotexposedtolaser.
The samples obtained in accordance to time were recorded by

photographs.

AAALLLPPPaaaccctttiiivvviiitttyyyaaassssssaaayyy
AfterseedingPDLfibroblastat6wellplate,thecellswerecultured

in α-MEM including10% FBS tillitbecomesemi-confluenced.Laser
wasappliedandALPwasdetectedafter0,3,5,7,and10days.Atthis
time differentlaser treatmentcondition was used.Apply laser at
distance,from culturedcelltolasertip,of2cm,3cm andapplyeach



differentirradiationtime,1sec,3sec.Andthecontrolgroupwasnot
exposedtolaser.
ALPactivityofthecellwasmeasuredbythemethodofLowryet

al.16withp-nitrophenylphosphateasasubstrateandwasnormalized
by the totalprotein contentofthe cellwhich was determined by
Bio-RadProteinassaykit.(BioRad2000,AlfredNobelDriveHercules,
CA 94547,USA) Briefly,after finishing the laser irradiation,the
medium was removed and the cells were washed twice with
Tris-buffered saline.Thecellsweredetached from theculturedish
withascraperaftertheadditionofTris-bufferedsaline.ALPactivity
was then assayed using Alkaline Phosphatate Substrate Kit(Wako
PureChemicalIndustries,Osaka,japan).

SSStttaaatttiiissstttiiicccaaalllAAAnnnaaalllyyysssiiisss
1-wayANOVA andtukey'stestformultiplecomparisonwasused

to determine the statisticalsignificance ofMTT assays and ALP
activitybetweendifferenttreatmentgroupsatbaselineandatindicated
timepointsafterlaserirradiation.Repeated MeasuresANOVA was
usedtodeterminethestatisticalsignificanceoftheMTT andALP
activitywithingroupsincomparisonwithbaseline.



IIIIIIIII...RRReeesssuuullltttsss

111...MMMTTTTTT aaassssssaaayyy

Onthe5thdayafterlaserirradiation,statisticallysignificantincrease
ofcellswerefoundcomparedtothebaseline.
Atthebaseline,3rddayand5thdayoflaserirradiationtherewere

nosignificantdifferenceofcellincreaseamongthegroups.(Table1,
Figure1)

TTTaaabbbllleee111...MMMTTTTTTaaassssssaaayyy(((gggrrrooouuupppmmmeeeaaannnsss±±±SSSDDD;;;OOO...DDD...:::oooppptttiiicccaaallldddeeennnsssiiitttyyy)))

BBBaaassseeellliiinnneee 333rrrddddddaaayyy 555ttthhhdddaaayyy
cccooonnntttrrrooolll 0.493±0.066 0.510±0.022 1.193†±0.079
222CCCmmm 111ssseeeccc 0.511±0.022 0.568±0.029 1.272†±0.103
222CCCmmm 333ssseeeccc 0.525±0.054 0.514±0.034 1.328†±0.114
333CCCmmm 111ssseeeccc 0.469±0.022 0.533±0.045 1.278†±0.151
333CCCmmm 333ssseeeccc 0.458±0.067 0.465±0.037 1.261†±0.082

†:statisticallysignificantdifferencecomparedtobaseline(p<0.05)
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FFFiiiggguuurrreee111...MMMTTTTTTaaassssssaaayyy(((OOO...DDD...:::oooppptttiiicccaaallldddeeennnsssiiitttyyy)))

222...AAALLLPPPdddeeettteeeccctttiiiooonnnaaassssssaaayyy

Onthe3rdand15thdayafterlaserirradiation,ALPpositivecells
werefoundincontrolgroup.(arrow head)MoreALPpositivecellswere
foundinlaserirradiationgroupscomparedtocontrolgrouponthe3rd
day.Whenitcametothe15thday,muchmoreALP positivecells
were found in 2cm,1sec group than other groups on the 15th
day.(Figures3,4,5)



333...AAALLLPPPaaaccctttiiivvviiitttyyy

Statistically significantincreaseofALP activity wasseen on the
3rd,5th,7th,and 10th day afterlaserirradiation compared to the
baseline(Table2).Thecontroland3cm,3secgroupshowedstatistically
significantdecreaseofALPactivitybetweenthe3rdand5thdayand
nosignificantincreasetillthe10thday.
On the other hand 2cm,3sec and 3cm,1sec groups showed

statisticallysignificantdecreaseofALP activitybetweenthe3rdand
5thday,andsignificantdecreaseofALPactivitytillthe10thday.
Especially 2cm,1sec group showed increase of ALP activity not
statisticallysignificantfrom the3rddaytothe10thday.
Onthe3rddayafterlaserirradiation3cm,1secand3cm,3secgroup

showedstatisticallysignificanthighscoreofALPactivitycomparedto
othergroups.
Onthe5thdayafterlaserirradiation,statisticallysignificanthigh

scoreofALPactivitywasfoundinexperimentalgroupscomparedto
controlgroupandnostatisticaldifferenceofALPactivitywasfound
experimentalgroups.
Onthe7thand10thday3cm,1sec,3cm,3secand2cm,1secgroup

showedsignificantlyhighscoreofALPactivitycomparedto2cm,3sec
andcontrolgroup.AndtheALP activityscoreincreasedasitwent
from 3cm,1sec, 3cm,3sec to 2cm,1sec group and there was no



significantdifferencebetween 3cm,3secand2cm,1secgroup.(Table2,
Figure2)

TTTaaabbbllleee222...AAALLLPPPaaaccctttiiivvviiitttyyy(((gggrrrooouuupppmmmeeeaaannnsss±±±SSSDDD;;;uuunnniiittt///mmmggg)

bbbaaassseeellliiinnneee 333rrrddddddaaayyy 555ttthhhdddaaayyy 777ttthhhdddaaayyy 111000ttthhhdddaaayyy
cccooonnntttrrrooolll 0.039±0.006 0.312†±0.013 0.193†±0.025 0.202†±0.017 0.201†±0.017

222CCCmmm111ssseeeccc 0.045±0.010 0.300†±0.035 0.305†‡±0.024 0.306†‡±0.018 0.337†‡±0.024

222CCCmmm333ssseeeccc 0.039±0.007 0.365†±0.028 0.306†‡±0.015 0.195†±0.035 0.181†±0.028

333CCCmmm111ssseeeccc 0.057±0.008 0.453†‡±0.0330.275†‡±0.013 0.257†‡±0.018 0.237†‡±0.015

333CCCmmm333ssseeeccc 0.023±0.008 0.465†‡±0.0440.290†‡±0.017 0.299†‡±0.023 0.302†‡±0.020

†:statisticallysignificantdifferencecomparedtobaseline(p<0.05)
‡:statisticallysignificantdifferencecomparedtocontrolgroup(p<0.05)
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IIIVVV...DDDiiissscccuuussssssiiiooonnn

Low-powerlaserhas been widely used in medicine,mostly on
pathologicaltissuespresentinganydegreeofalteration,suchashealing
orinflammatoryprocesses.36Wedecidedtogrow thecellsinamedium
supplementedwith5% concentrationofFBS.Serum isanimportant
supplementedforculturingcells,9andthebestgrowthwilloccurusing
medium containingatleast10% FBS.MTT wasperformedtoobserve
thegrowthofPDLcellsinthisstudy.Andtogettheleasteffectof
FBS,medium with5% FBSwasusedtoseetheeffectoflaser.
Many studies tellus thatlow powerlaserirradiation activates

growth ofvariouskindsofcells.2,3,8,18,27,38,39 Forexample,thereisa
report that applying laser of 3J/cm2 and 4J/cm2 to cultured
fibroblasts(NIH 3T3cells)twiceevery six hoursresultedin 3or6
timesincreaseofcellscomparedtonon-laseredgroup.23

Laserof0.5W powerwasusedfor1secondand3secondsinthis
study,thustheenergywas0.5J/cm2and1.5J/cm2respectively.Thisis
lessenergythanusuallyappliedinotherin-vitrostudy.Andthismay
havecausedthecellstooverstimulatesincepowerwasstrongerthan
0.1W,whichisgenerallyusedin-vitrostudy.
Asfortheeffectofsinglelow-powerCO2laserirradiationoncell

proliferation,boththeexperimentalgroupsandcontrolgroupshowed
statisticallysignificantincreaseofcellsonthe5thday comparedth



baselineafterlaserirradiationandtherewasnosignificantdifference
betweenexperimentalgroupandcontrolgroup.Thismeanstherewas
a little cellproliferations effectwith low-powerCO2 laserin this
experimentalconditiondespitedifferentwheretotalenergyandpower
density.
2cm and 3cm irradiation distanceresultsin 116.3%(=W/∏r2),and

58.9% ofpowerdensity respectively according to 'therelationship
betweendistanceoflensandenergydensity'.Thestrengthofenergy
transferredtocellsdependsonpowerdensityevenwhentheyhavethe
same energy oflaserirradiation.Actually 1cm distance irradiation
groupwasinvolvedinthisstudy.Butcellnecrosisoccuredbecauseof
high energy thatreached toPDL cells.So1cm distanceirradiation
groupcouldnotinvolveinexperiments.
Itis notyetwellunderstood how low-power laser irradiation

actually affects PDL fibroblast's differentiation to osteoblastic cells.
HoweveritisCertainthatPDLcellhastheabilitytodifferentiateinto
variouskindofcells,thatisitcanchangetocellsthatmakesalveolar
bone,dependingongivenconditions.AccordingtothestudyofYuya
Murakamietal.in 2003,isolating ALP positive subpopulation is
available in PDL fibroblast by immunomagnetic method.20 In the
preliminarystudypreparingforthisexperiment,qualitativeanalysisof
ALP wasusedasamarkerofhardtissueformation.Themedium
containing α-MEM with10% FBSwasused,andALPpositivesample



was obtained from contol group and other groups which were
irradiated to low-power lasers by different application methods.
(Figures 3,4,5)This shows the pluripotentialcharacteristic ofPDL
fibroblastmentionedbefore.
Generally,inordertoseeALP activityfrom PDL cells,materials

like 1α,25-dihydroxyvitamin D3 needs to be added.4 Various studies
haveshownthatmechanicalstresslikecyclicstretchingdecreasesthe
ALPactivity.4,37Soitisnecessarytofindoutwhatkindofstimulus
low-powerlaserirradiation dotoPDL celldifferentiation,andwhat
changestheALPactivityandwhetherthereisadifferencedepending
onirradiationmethod.
In this study,single low-powerCO2 laserirradiation may play

positiveroleofPDL celldifferentiationtoosteoblasticcells.2cm,1sec
irradiationconditionwasfoundtobethemosteffectiveconditionin
thisstudy.And 3cm,3secwasalsofoundtobeefficient.Generally,
when variousfactors related to laserirradiation arechanged ,the
resultsoflaserirradiationbecomedifferent.Forexample,accordingto
theresultsofthestudy by UedaY etal.in 2003,low-frequency
pulsedlaserirradiationsignificantlystimulatesboneformation.Andthis
provedthatthepulsefrequencyoflow-powerlaserirradiationisan
importantfactoraffectingbiologicalresponsesinboneformation.33 In
our study most parameters related to the laser irradiation are
constant(e.g.,wavelength,poweroutput,irradiationarea),exceptpower



densitiesand related exposuretime.Distancebetween cultured cells
andlasertipisrelatedtopowerdensityofirradiation.Andirradiation
timeisrelatedtototalamountofenergythatreachtocells.Thatis,
thereislow energyifpowerdensityishigh,andhighenergyifpower
densityislow therebymoreeffectstocelldifferentiation.
Thisresultshowsthatamongvariousfactors,CO2laserirradiation,

singleordoubleirradiation,withlessenergythan3,4J/cm2 atwhich
accelerationofPDL cell proliferationorsynthesisofcollagentakes
place,differentiationofPDLcellscouldbeactivated.
Therighttimeforlaserirradiation toachievethemostefficient

effectoflow-powerlaserisnotyetclearydefinedeventhoughmany
studiesonlaserhavebeencarriedout.A studyusingratcalvarialcell
reported thatcellgrowth and differentiation wereaffected by laser
irradiationatearlystagesofcellculture.22Thoughnotallcellsbehaved
in thesamemanner,wecould suggestthatexternalstimulus like
low-power laser irradiation to cells atearly stage ofgrowth or
differentiationcouldgreatlyinfluencetogrowthanddifferentiation.In
addition, this study showed that differentiation of PDL cell to
osteoblasticcellswasmoreinfluencesthanPDLcellgrowthwas.
Thenwhatcontrolslow-powerlaser'seffectofcellproliferationand

differentiation?Moststudiesregarding thelasereffectoncellshave
reportedspecificintracellularchanges.10,15,17Theseschangesaremostly
relatedtothecalcium metabolism,whichwouldbeeitheraffectingits



concentration or intracytoplasmic transport.Such alterations would
stimulate celldivision,in detrimentofcellproduction,which could
explainthereasonwhythecellgrowthwasaltered.Howeverconcrete
mechanism oflaserirradiation to proliferation and differentiation of
cellsisnotclear.Wecan guessthatheatand photostimulation17,28

givenbylasermightaffectdifferentiationofcells,andshouldclarify
theeffectoflasertodifferentiationofcellsthroughvariouskindsof
experimentaldesign.
Inconclusion,itisnotpossibletoexplainpropermechanism.Butin

thisstudyifsinglelow-powerCO2laserirradiationisdonetohuman
PDL fibroblast,cellproliferationwasfoundinbothexperimentaland
controlgroupcomparedtobaselineonthe5thdayoflaserirradiation.
But,nosignificantdifferenceswerefoundamonggroups.
Inthisstudy,low energywithhighpowerdensityandhighenergy

with low power density had more effects to celldifferentiation.
Additionally,statisticallysignificantincreaseofALPactivitywasfound
in2cm,1secand3cm,3secgroupstillthe10thday,anditwasfoundto
bethemosteffectivewaytoPDLcell'sdifferentiationintoosteoblastic
cells.



VVV...CCCooonnncccllluuusssiiiooonnn

Theaim ofthisstudyistoevaluatetheeffectoflow-powerCO2
laseringrowthandproliferationofculturedhumanPDLfibroblastin
vitroandtounderstandbetterabouttheeffectoflaseronperiodontal
regeneration.Thestudyalsotriedtofindoutthemosteffectivedegree
ofenergyandpowerdensitywherecellproliferationanddifferentiation
toosteoblasticcellshighlytakesplaceafterlaserirradiation.
Theexperimentalgroupsweredividedinto4groupsby applying

differentirradiatingdistancesfrom culturedcelltolasertip;2Cm(Focal
spot=∅0.74mm),3Cm(Focalspot=∅1.04mm)and differentirradiating
time;1second,3seconds.Andtheywereappliedtolaseratapower
of0.5W with50Hzundercontinuousmode.Thecontrolgroupwasnot
applied to laser.MTT and ALP activity testwere performed to
observethegrowthofPDLcellsandcelldifferentiationtoosteoblastic
cells.Theresultareasfollows.

1.Onthe5thdayafterlaserirradiation,statisticallysignificantincrease
ofcellswerefoundinallgroups.But,nosignificantdifferenceswere
foundamonggroups.

2.StatisticallysignificantincreaseofALPactivitywasseenonthe3rd,
5th,7th,and10thdayafterlaserirradiationcomparedtothebaseline.



Among this,there were highestALP activity on 3rd day except
2cm,1secgroup.2cm,1secgroupshowedincreaseofALP activitynot
statisticallysignificantfrom the3rddayto10thday.
Onthe7thand10th day 3cm,1sec,3cm,3secand2cm,1secgroup

showedsignificanthighscoreofALP activitycomparedto2cm,3sec
andcontrolgroup.

Inthisstudy,therewasaweakeffectoflow-powerCO2laseron
cellproliferationbuttherewasabettereffectoncelldifferentiation.
2cm,1secirradiationwasfoundtobethemosteffectiveconditionfor
PDL celldifferentiationinthisstudyand3cm,3secwasfoundtobe
efficient.
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FFFiiiggguuurrreee333...On thebaselineafterlaserirradiation,ALP positivecells
werebarelyseen(lightmicroscope×100).

FFFiiiggguuurrreee444...A:3rddaycontrolgroup
B:3rdday2cm,1secgroup,C:3rdday3cm,1secgroup
D:3rdday2cm,3secgroup,E:3rdday3cm,3secgroup

Onthe3rddayafterlaserirradiation,ALPpositivecellswerefound
incontrolgroup.(A:arrow head)MoreALPpositivecellswerefound
inlaserirradiationgroupscomparedtocontrolgroup.(B,C,D,E)(light
microscope×100)

FFFiiiggguuurrreee555.A:15thdaycontrolgroup
B:15thday2cm,1secgroup,C:15thday3cm,1secgroup
D:15thday2cm,3secgroup,E:15thday3cm,3secgroup

15thdaycontrolgroup(A)showedsimilaraspectas3rddaycontrol
group.(Figure4-A)MoreALPpositivecellswerefoundinexperimental
groups(B,C,D,E)comparedtocontrolgroup.(A)AndmuchmoreALP
positive cells were found in 2cm,1sec group (B) among other
experimentalgroups(lightmicroscope×100).
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국국국문문문 요요요약약약

단단단일일일조조조사사사 저저저출출출력력력 CCCOOO222LLLaaassseeerrr가가가 치치치주주주인인인대대대 섬섬섬유유유아아아세세세포포포의의의
세세세포포포 증증증식식식능능능과과과 세세세포포포 분분분화화화에에에 미미미치치치는는는 영영영향향향...

<<<지지지도도도교교교수수수 김김김 종종종 관관관>>>
연연연세세세대대대학학학교교교 대대대학학학원원원 치치치의의의학학학과과과

장장장 인인인 권권권

이 논문은 단일조사 저출력 CO2laser조사가 치주인대 섬유아세포의 증
식과 분화에 미치는 영향을 살펴보고 가장 효과적인 에너지와 파워밀도
(powerdensity)를 알아보기 위하여 다음과 같이 실험하였다.
0.5W 출력,10.6㎛ 파장,50Hz연속형 CO2laser를 사용하여,실험군

은 lasertip과 배양된 세포 사이의 거리를 2cm,3cm으로 나누고,조사시
간을 1초,3초로 나누어 4개의 군으로 설정하였고 대조군은 laser를 조사
하지 않은 군으로 하였다.치주인대 섬유아세포의 증식정도와 골모세포로
의 분화정도를 보기 위하여 각각 MTT 실험과 ALPactivity실험을 시행
하여 다음과 같은 결과를 얻었다.

1.Laser를 조사하고 난 후 5일째에,모든 군에서 유의하게 세포가 증식되
는 것을 확인할 수 있었고 조사방법간에 유의한 차이가 없었다.



2.대조군과 실험군에서 0일째에 비하여 3일째,5일째,7일째,10일째에 통
계적으로 유의하게 ALPactivity가 증가하였고,이중 2cm,1sec군을 제외
하면 3일째에서 가장 높은 ALP activity 값을 보였다.특징적으로
2Cm,1sec군은 3일째부터 10일까지 통계적으로 유의하지는 않지만 시간이
지남에 따라서 ALPactivity가 증가함을 보였다.
7일과 10일째에는 2cm,1sec,3cm,3sec군에서 다른 군에 비하여 큰

activity값을 보였다.

이번실험에서 저출력 CO2laser조사는 세포의 증식보다는 분화에 더
큰 영향을 끼쳤고,2cm,1sec,3cm,3sec군이 치주인대 섬유아세포의 분화에
가장 효과적인 laser조사방법으로 분석되었다.

핵핵핵심심심되되되는는는 말말말:::CO2laser,치주인대 섬유아세포,세포증식,세포분화,파워밀도,
에너지.
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