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AAAbbbssstttrrraaacccttt

TheEffectsofChitosanMembraneContainingTetracyclineon
PeriodontalHealingofOne-WallIntrabonyDefectsinBeagleDogs

BBBaaaccckkkgggrrrooouuunnnddd:::Guided tissue regeneration (GTR) is an accepted
therapeuticmodalityforthetreatmentofperiodontaldestructivelesions.
However,incompleteregenerationorinfectionisoftennotedafterGTR
therapy.Thepurposeofthisstudywastoevaluatetheregenerative
effectsofchitosanmembranescontaining tetracycline(TC)appliedto
surgicallycreatedone-wallintrabonydefectsinbeagledogs.

MMMeeettteeerrriiiaaalll&&& mmmeeettthhhoooddd:4×4mm one-wallintrabonyperiodontaldefects
weresurgicallycreatedbilaterallyatthedistalsidesofthemandibular
secondpremolarsandmesialsidesofthefourthpremolars.Thedefects
either received chitosan membrane (CH group),chitosan membrane
soakedin0.5% TCsolutionfor10minutes(CH-TC0.5group),chitosan
membranesoakedin1.0% TCsolutionfor10minutes(CH-TC1.0group)
orflapoperationonly(surgicalcontrol).Theanimalsweresacrificed8
weeksaftertheexperimentalsurgery andcomparativehistologicand
histometricexaminationsweredone.

RRReeesssuuulllttt:Theamountofjunctionalepithelium migrationwas2.02±0.78
mm,1.85±0.47mm,1.53±0.53mm,and1.72±0.15mm inthesurgical
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controlgroup,CH group,CH-TC0.5 group,and CH-TC1.0 group
respectively.Nosignificantdifferenceswereobservedamongthegroups.
Theamountofconnectivetissueadhesionwas0.82±0.41mm,0.77±0.26
mm,0.81±0.24mm,and0.59±0.28mm inthesurgicalcontrolgroup,CH
group,CH-TC0.5group,andCH-TC1.0grouprespectively.Connective
tissueadhesion did notshow any statistically significantdifferences
among thegroups.Theamountofnew cementum regeneration was
1.53±0.52mm,1.75±0.27mm,1.99±0.41mm,and2.09±0.25mm inthe
surgicalcontrolgroup,CHgroup,CH-TC0.5group,andCH-TC1.0group,
respectively,withstatisticallysignificantdifferencebetweenCH-TC1.0
group and thesurgicalcontrolgroup (p<0.05).Theamountofnew
alveolarboneregenerationwas1.19±0.68mm,1.53±0.17mm,1.77±0.45
mm,and 1.82±0.23 mm in the surgicalcontrolgroup,CH group,
CH-TC0.5group,andCH-TC1.0group,respectively,withstatistically
significantdifferencebetweenCH-TC1.0groupandthesurgicalcontrol
group(p<0.05).

CCCooonnncccllluuusssiiiooonnnsss:TheresultssuggestthatCH-TC1.0membranemay
havebeneficialeffecton theregeneration ofboneand cementum in
one-wallintrabonyperiodontaldefectsofbeagledogs.

KKKeeeyyy wwwooorrrdddsss:::chitosan,tetracycline,membrane,regeneration,one-wall
intrabonydefect,cementum,alveolarbone.
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TTThhheeeEEEffffffeeeccctttsssooofffCCChhhiiitttooosssaaannnMMMeeemmmbbbrrraaannneee
CCCooonnntttaaaiiinnniiinnngggTTTeeetttrrraaacccyyycccllliiinnneeeooonnnPPPeeerrriiiooodddooonnntttaaalllHHHeeeaaallliiinnngggooofff
OOOnnneee---WWWaaallllllIIInnntttrrraaabbbooonnnyyyDDDeeefffeeeccctttsssiiinnnBBBeeeaaagggllleeeDDDooogggsss

Kwang-HeeHan,D.D.S.,M.S.D.
DepartmentofDentalScience,TheGraduateSchool,

YonseiUniversity
(DirectedbyProfessorSeong-HoChoi,D.D.S.,M.S.D.,PhD.)

ⅠⅠⅠ...IIInnntttrrroooddduuuccctttiiiooonnn

The ultimate goalofperiodontaltherapy is the regeneration of
supportingtissueslostasaresultofthediseaseprocess.Regeneration
canbedefinedasthereproductionofalostorinjuredpart.Itisthe
biologicalprocessby whichthearchitectureandfunctionofthelost
tissueiscompletelyrestored.
Theconceptofperiodontalregenerationincludestherestorationof

alveolarbone,periodontalligamentandcememtum.Althoughattempts
have been made to regenerate lost alveolar bone and attachment
apparatus,predictablesuccessremainselusive.Many procedureslike
bone grafts (Kim etal.,1996;1998),application ofgrowth factor
(Wikesjöetal.,1999;Choietal.,2002)andguidedtissueregeneration
(GTR)(Beckeretal.,1993)havebeen used,butthere weresome



- 2 -

limitations(Heijietal.,1997).
GTR isbased on theperception thatgiven therightconditions,

tissues for the most part are capable of self-reconstruction.For
periodontaldefects,periodontaltissuesmayregeneratedependingonthe
celltypesthatmigrateontorootsurfaces,andthatperiodontalligament
cellsarecapableofregeneratingperiodontaltissues(Melcher,1976).By
using barriermembranes,GTR procedureallowsperiodontalligament
cells,bonecells,andcementoblaststoenterintothedefectsitefirst
(Karringetal.,2000).
Various barrier membranes have been developed in periodontal

surgery, including both non-resorbable and bioabsorbable type.
Non-resorbablemembranesrequiresurgicalremoval,posingriskssuch
aspossibledamagetonewly-formedbonetissuethrough mechanical
interruption orfailuretoachieveflapcoverageoverthenew tissue.
Recently,therehasbeenanincreasedinterestontheinvestigationof

bioabsorbablematerialsforbarriermembraneswhicharebiocompatible
to thehost,and do notrequirean additionalsurgicalprocedureto
remove.(Yeoetal.,2005;Songetal.,2005).Amongthose,chitinand
itsderivative,chitosan(poly-N-acetylglycosaminoglycan),hasattracted
particularattention.
Chitin is an important structuralcomponent of exoskeletion of

invertebratesand cellwallsoffungi(Sanford,1989).Chitosan isa
depolymerizedandpartially deacetylatedderivativeofchitin madeby
treatingitwithhotstrongalkali(Tomihataetal.,1997).Theresultant
chitosan(1-4,2-amino-2-deoxy-β-D-glucan)isapolycationiccomplex
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carbohydratewithastructuresimilartohyaluronicacid(Pruddenetal.,
1970).Biologically,chitosan is a biodegradable and nontoxic natural
biopolymeranditisavailableinvariousformsincludingpowder,gel,
solution,andmembrane(GravesandCochran,1994).
The effectofchitosan on wound healing has been examined in

variousanimalmodels.Parketal.(2003)demonstratedenhancednew
boneandcementum formationandinhibitionoftheepithelialmigration
usingchitosan/collagenspongeappliedtoone-wallintrabonydefectsin
beagledogs.Inanotherstudy,effectsofchitosannon-wovenmembrane
on periodontalregeneration in beagle dogswas shown (Yeo etal.,
2005).Klokkevoldetal.(1996)reported thatchitosan potentiatedthe
differentiationofosteoprogenitorcellsandmightfacilitateosteogenesis
by interfering with thefunction ofthefibroblaststhatinhibitbone
formation.Muzzarellietal.(1989)reported thatchitosan ascorbate
wouldhaveenhancedcapabilityofreconstructingthehistoarchitectural
tissueand contribute to thereduction oftooth mobility and pocket
depthsaswell.
Itwould be preferable ifthe GTR membrane could deliverthe

antibioticlocallyavoidingthesystemicuptakeinordertopreventearly
woundhealingproblem,suchasinfection.Caoetal.(2000)suggested
that25% doxycycline-loaded resorbablemembranehad a beneficial
effectonosteogenesisinperiodontaldefects.AlsoKurtisetal.(2002)
suggested that polylactide/glycolide membranes with and without
metronidazolemighthaveabeneficialeffectonperiodontalregeneration.
Tetracycline (TC) is a potentially valuable antibiotic for its
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broad-spectrum antibiotic activity against numerous periodontal
pathogens.Itinhibitshumancollagenaseandboneresorption(Wikesjö
etal.,1986;Golubetal.,1984;Roflom etal.,1993).Inaddition,itwas
reportedtoeffectboneformationinperiodontaldefects(Marbyetal.,
1985).Anditalsocan beusedasarootdemineralization agent.In
another study,additionalclinicalattachmentgain was noted when
repeated localadministration ofminocyclineointmentwasused with
GTRtherapy(Yoshinarietal.,2001).
The aim ofthis study was to evaluate the periodontaltissue

regenerative effects ofchitosan membranes containing TC.Forthis
purpose,one-wallintrabonydefects,knownfortheirunfavorablebone
regeneration weresurgically created in thebeagledogsand treated
withthechitosanmembranecontainingTC.
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ⅡⅡⅡ...MMMaaattteeerrriiiaaalllsss&&& mmmeeettthhhooodddsss

AAA...AAAnnniiimmmaaalllsss

Fourmalebeagledogs,18to24monthsoldandweightingabout15
kg were chosen. The animals had intact dentition and healthy
periodontium.Animalselection,management,surgicalprotocol,and
preparationfollowedtheroutinesapprovedbytheAnimalCareandUse
Committee,YonseiMedicalCenter,Seoul,Korea.Theanimalswerefed
asoftdietthroughoutthestudy toreducepossibility ofmechanical
interferenceduringfoodintake.

BBB...PPPrrreeepppaaarrriiinnngggaaaccchhhiiitttooosssaaannnmmmeeemmmbbbrrraaannneeecccooonnntttaaaiiinnniiinnngggttteeetttrrraaacccyyycccllliiinnneee

In orderto preparethechitosan dope,biomedicalgradechitosan
(degreeofdeacetylation98.0%,MW 400,000)wasdissolvedin2.0%
aceticacidwithaconcentrationof3.5% (w/w).Thedopewasthen
filteredandde-aeratedforfurthercontinuousspinningthroughanozzle
assemblywith0.1mmø×3,050holesusingameteringgearpump.
Thecoagulation-bathwascomposedof10% NaOH solution.The

bundleoffilamentswereneutralizedandcoagulatedinthebath,and
stretched approximately 20 %,rinsed in 100 ˚C water with the
subsequenttreatmentofspinningoilemulsionanddryingresultingin
chitosan fiberproduct.The chitosan fibers were steam treated and
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subjectedtothestufferboxtreatmentinordertothefibershavethe
appropriatecrimplevel.Thesewerethencutto50mm lengthstaple
fibers.Thechitosanfiberswereopenwiththeopeningmachine,which
werethencardedbyrollcarding machinetomanufactureachitosan
fiberweb.Fiveorsixlayersofthemanufacturedwebswerearranged,
andsubjectedtoanadditionalneedlepunching processtoobtainthe
nonwovenfabrics.Thethicknessofthemanufacturednonwovenfabrics
wasadjustedto2mm usingacalenderwiththepropersettingofthe
machinepressure.
Manufactured chitosan fabrics were soaked in 0.5 % or1.0 %

tetracyclinesolutionfor10minutestoadsorbtetracyclinesufficiently
anddryingprocedurewasdonefor24hoursat40℃.

CCC...EEExxxpppeeerrriiimmmeeennntttaaallldddeeesssiiigggnnn

The animals in the surgicalcontrolgroup were given a flap
operationonly.Thethreeexperimentalgroupsreceivedtreatmentwith
thechitosanmembrane(CH group),chitosanmembranesoakedin0.5%
tetracyclinesolution(CH-TC0.5group),andchitosanmembranesoaked
in1.0% tetracyclinesolution(CH-TC1.0group)respectively.

DDD...SSSuuurrrgggiiicccaaalllppprrroootttooocccooolll

The surgicalprotocolwas performed under generalanesthesia
induced by an intravenous injection of atrophin (0.04mg/kg:
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Kwangmyung PharmaceuticalInd.Co.LTD.,Seoul,Korea),and the
intramuscularinduction with acompound ofxylazin (Rompun,Bayer
KoreaCo.,Seoul,Korea)andketamin(Ketera,YuhanCo.,Seoul,Korea)
followedinhalation(Gerolan,Choong-waePharmaceuticalInd.Co.LTD.,
Seoul,Korea).Routinedentalinfiltrationanesthesiawith2% lidocaine
hydrochloridewith1/80,000epinephrine(LidocaineHCl-Epinephrineinj,
Kwangmyung Pharm.,Seoul,Korea)wasused atthesurgicalsites.
Themandibularfirstandthirdpremolarswereextractedinadvanceof
theexperimentalsurgery,andtheextractionsiteswereallowedtoheal
for8weeks.
Atreconstructive surgery,the buccaland lingualmucoperiosteal

flaps were elevated and 4×4 mm one-wallintrabony defects were
createdatthedistalaspectofmandibularsecondpremolarsandthe
mesialaspectofmandibularfourthpremolars.Followingrootplaning,a
referencenotchwasmadewith1/4roundburontherootsurfaceat
thebaseofthedefect.
Each bilateral intrabony defects received one of the four

experimentalconditions:flap operation only (surgicalcontrolgroup),
chitosanmembrane(CH group),chitosanmembranesoakedin 0.5%
TCsolution(CH-TC0.5group),chitosanmembranesoakedin1.0% TC
solution(CH-TC1.0group).Experimentalconditionswererotatedamong
thedefectssitesinsubsequentanimals.
Membranewasadaptedabovethealveolarcrestwithapproximately

3mm extensionoverthedefectbonemargin.Gingivalflapwasadapted
tocoverthemembraneandsuturingwasaccomplishedwithouttension.
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Thesutureswereremoved7daysaftersurgery.
Post-surgerymanagementincludedtheadministrationofantibiotics

intramuscularly (TetracyclineHCl,Chongkundang PharmaceuticalCo.,
Seoul,Korea),asoftdietandadailytopicalapplicationofa0.12%
chlorhexidinesolution(hexamedine,BukwangPharmaceuticalCo.,Seoul,
Korea).

EEE...HHHiiissstttooolllooogggiiicccppprrroooccceeeddduuurrreeesss

Theanimalsweresacrificed8weeksaftersurgicalprocedurebyan
intravenous injection ofconcentrated sodium pentobarbital(Entobar,
Hanlim PharmaceuticalInd.Co.LTD.,Seoul,Korea).Tissue blocks,
whichincludedteeth,bone,andtissue,wereremoved,rinsedinsaline,
then fixed in 10% buffered formalin for10days.Subsequently,the
block sections were decalcified in 5 % nitric acid for7 days and
embeddedinparaffin.Serialsections(5㎛ thickness)weremadeinthe
mesiodistaldirectionatintervalof80㎛.Thefourmostcentralsections
from eachblockwerestainedwithhematoxyline/eosinandexamination
wasperformedbylightmicroscopy.

FFF...AAAnnnaaalllyyysssiiisss

111...HHHiiissstttooolllooogggiiicccaaannnaaalllyyysssiiisss

A PC-baseddigitalimageanalysissystem (Image-ProPlus®,Media
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Cybernetics,Silver Spring,MD,U.S.A) was used to analyze the
experimentalsiteswith regardtothejunctionalepithelium migration,
theformationofnew boneandnew cementum,theabsorptionofthe
implanted material,theregeneration oftheattachmentapparatus,the
arrangementoftheconnectivetissueandtheperiodontalligamentfiber,
rootresorption,andankylosis.

222...HHHiiissstttooommmeeetttrrriiicccaaannnaaalllyyysssiiisss(((FFFiiiggg...111)))

Forthehistometricanalysis,boththecementoenameljunction(CEJ)
and the notch were used as the reference points.The histometric
parameterswere:

▪ Defectheight(DH):thedistancefrom theCEJtothebaseofthe
referencenotch.
▪ Junctionalepithelium migration(JE):thedistancefrom theCEJto
theapicalextensionofthejunctionalepithelium.
▪ Connective tissue adhesion (CT):the distance from the apical
extension ofthe junctionalepithelium to the coronalextension of
cementium regeneration.
▪ Cementum regeneration (NC):thedistancefrom thebaseofthe
referencenotchtothecoronalextensionofthenewlyformedcementum
ontherootsurface.
▪ New alveolarboneregeneration(NB):thedistancefrom thebaseof
the reference notch to the coronalextension ofthe newly formed
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alveolarbonealongtherootsurface.

Fig.1.A schematic diagram depicting theexperimentaldesign,the
landmarksandtheparametersusedinhistometricanalysis.

CEJ:cementoenameljunction AC:alveolarcrest
aJE:apicalextentofjunctionalepithelium cNC:coronalextentofcementum
cNB:coronalextentofnew bone bN:baseofthereferencenotch
JE:junctionalepithelium migration CT:connectivetissueadhesion
NC:new cementum regeneration NB:new boneregeneration
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333...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss

Histometricrecordingsfrom thefoursectionsfrom eachblockwere
usedtocalculatethemeanscoreforeachdefect(mean±SD).Thedata
wereusedtotestfordifferencesamongtheexperimentalgroupusing
theKruskal-Wallistest.TheMann-WhitneyU testwasusedforthe
comparisonbetweenthegroups.
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ⅢⅢⅢ...RRReeesssuuullltttsss

AAA...HHHiiissstttooolllooogggiiicccooobbbssseeerrrvvvaaatttiiiooonnnsss

Moreapicalmigrationofthejunctionalepithelium observedinthe
surgicalcontrolgroupthanintheothergroups(Fig.2-A).Therewas
minimalinflammatory cellinfiltration in allthegroups.Theresidual
membranes were observed in the connective tissue ofexperimental
groups(Fig3-B,4-A,5-B).Moreboneregenerationwasobservedin
the CH-TC1.0 group than in the surgicalgroup (Fig.5-A).The
borderlinebetweenthenew andtheoldbonewasnotdistinguishable
andtheosteoblastsweredenselyarrangedalongthenew bonesurface.
Theamountofnew cementum increasedsignificantly along theroot
surface in the CH-TC1.0 group than in the other groups,and
cementoblastsdensely surroundedthenew cementum.Thecementum
wasthickestatthenotch area and becamethinnercoronally.(Fig.
5-C). In the intrabony cementum layer, the cementoblasts were
arranged closely and thefiberswereembedded perpendicularly (Fig.
4-B,5-C).On thecontrary,in the suprabony cementum layer,the
cementoblasts were rarely observed and the fibers showed parallel
orientation.Therefore,itisbelievedthatonlythecementum layerwith
perpendicularly embedded fibersisthetruecementum in thenewly
formedcementum.Theperiodontalligamentinthegroupstreatedwith
GTR method was observed to have a more regularpattern and a



- 13 -

denserfiberarrangementthanthatofthesurgicalcontrolgroup(Fig.
4-C,5-C).The periodontalligament in the surgicalcontrolwas
organized mainly with irregular,loosecollagen fiber.Allthegroups
maintainedagoodperiodontalligamentspace.Limitedrootresorption
wasobservedinthemajorityofdefectsandappearedgreaterinthe
connectivetissueimmediatelyinterfacedwithrootdentinthaninthe
areacoveredbynew cementum (Fig2-B,5-B).Noneofthespecimens
showedthesignofankylosis.

BBB...HHHiiissstttooommmeeetttrrriiicccooobbbssseeerrrvvvaaatttiiiooonnnsss(((TTTaaabbbllleee111)))

Theaveragedefectheight(DH)was4.35±0.15mm,4.36±0.14mm,
4.28±0.13mm,and4.29±0.14forthesurgicalcontrolgroup,CH group,
CH-TC0.5 group,and CH-TC1.0 group,respectively.There was no
significantdifferenceamonggroups.
The junctional epithelium migration (JE) was 2.02±0.78 mm,

1.85±0.47mm,1.53±0.53mm,and1.72±0.15mm forthesurgicalcontrol
group,CH group,CH-TC0.5group,andCH-TC1.0group,respectively.
Therewasnosignificantdifferenceamonggroups.
The amount of connective tissue adhesion was 0.82±0.41 mm,

0.77±0.26mm,0.81±0.24mm,and0.59±0.28mm forthesurgicalcontrol
group,CH group,CH-TC0.5group,andCH-TC1.0group,respectively.
Therewasnosignificantdifferenceamonggroups.
Theamountofcementum regenerationwas1.53±0.52mm,1.75±0.27

mm,1.99±0.41mm,and2.09±0.25mm forthesurgicalcontrolgroup,
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CH group,CH-TC0.5group,andCH-TC1.0group,respectively.The
CH-TC1.0groupwassignificantly differentfrom thesurgicalcontrol
group(p<0.05).
The amount of alveolar bone regeneration was 1.19±0.68 mm,

1.53±0.17mm,1.77±0.45mm,and1.82±0.23mm forthesurgicalcontrol
group,CH group,CH-TC0.5group,andCH-TC1.0group,respectively.
The CH-TC1.0 group was significantly differentfrom the surgical
controlgroup(p<0.05).
TherewasnosignificantdifferencebetweenCH group,CH-TC0.5

group,andCH-TC1.0groupatanyitems.

Table1.Histometricanaylsis(measurementinmm)

control CH CH-TC0.5 CH-TC1.0

Mean±SD Mean±SD Mean±SD Mean±SD
DH 4.35±0.15 4.36±0.14 4.28±0.13 4.29±0.14
JE 2.02±0.78 1.85±0.47 1.53±0.53 1.72±0.15
CT 0.82±0.41 0.77±0.26 0.81±0.24 0.59±0.28
NC 1.53±0.52 1.75±0.27 1.99±0.41   2.09±0.25*
NB 1.19±0.68 1.53±0.17 1.77±0.45   1.82±0.23*

DH：Defect height                JE：Junctional epithelium migration

CT：Connective tissue adhesion  NC：New cementum regeneration

NB：New bone regeneration

＊:Statisticallysignificantdifferencecomparedtothesurgicalcontrol
group(p<0.05).
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ⅣⅣⅣ...DDDiiissscccuuussssssiiiooonnn

Theultimategoalofperiodontaltherapyistoregeneratethedestroyed
supporting tissue including new acellularcementum attached to the
underlying dentin surface,new periodontalligamentwith functionally
oriented collagen fibers inserting into the new cementum,and new
alveolarboneattachedtotheperiodontalligament(Aukhiletal.,1986).
A varietyoftherapeuticmethods,suchasrootplaning,curettage,

gingivectomy,and flap procedures including implantation ofvarious
materialsintodefects,havebeenusedtoattainperiodontalregeneration.
Butregenerationofcompleteperiodontium islimited.Thisresultsmaybe
duetoprimarypopulationoftissueswithpoorregenerativepotentialin
thedefect(Melcher,1976).
Variousbonegraftshavebeeninvestigatedtotreatintrabonydefects.

However,autogenousbonehasproblemsassociatedwithlimitationin
harvesting.Decalcified freeze-dried bone (DFDB) has possibility of
contamination and transmission ofdisease (Buck etal.,1989),and
contains little bone morphogenetic proteins and has osteoconductive
properties.Somepreviousstudiesdealtwithbonegraftshaveshownthat
epithelium migrated apically between the rootand adjacenttissues,
inhibitingregeneration(Carranzaetal.,1987;Kim etal.,1998;Heijietal.,
1997).
Byusingmembrane,GTRmethodcaninduceselectiverepopulationof

undifferentiatedmesenchymalcellsthatoriginatefrom theperiodontal
ligament,andhasbeenshowntoimprovetheperiodontalregenerationin
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bothanimalandhumanexperiments(Beckeretal.,1991;Caffesseetal.,
1988).
Recently,a new non-toxic,biodegradablematerialsforresorbable

membranethatwouldbefreefrom anysideeffectshavebeenstudied
widely.(Park etal.,2003;Yeoetal.,2005).Among thesematerials,
chitosan,aderivativeofchitin(de-N-acetylatedderivativeofchitin)takes
aincreasinginterestforitsgoodbiologicalandphysicalproperties.
Chitinisoneofthemostabundantnaturalbiopolymer,secondonlyto

cellulose.Ithasasimilarchemicalstructuretocellulose,butcontains
componentsincluding acetylgroups,whichmakeitmoreresistantto
chemicalattack.Thesegroupsdecreasethesolubilityingeneralorganic
solutionsandaddasourtastetoit.
Chitosanispreparedbyhotstrongalkalitreatmentwithchitin,which

results in abundantdeacetylation ofthe side chains.Chitosan has
structuralsimilaritytotheglycosaminoglycans,especiallyhyaluronicacid,
whichareeasilyfoundintheextracellularmatricesofmanytissues.
Hyaluronicacidisbelievedtofacilitatethemigrationanddifferentiationof
progenitorcells,which promotetissueregeneration (Gallagheretal.,
1986).Chitosaninvigoratesimportantcellularprocessesbystimulatingthe
growthfactors(Varki,1996).Inaddition,thechito-oligomerhasbeen
reportedtoinitiatetheformationofhyaluronicacid(Hitzetal.,1996).
Chitosannotonlyinducedosteogenesisbyconjoiningthegrowthfactors
to stimulate osteoblast differentiation but also indirectly facilitated
regenerationbyinterferingwiththeadhesionandproliferationofthecells
thatinhibitboneformationsuchasfibroblasts(Klokkevoldetal.,1996).
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In addition to its biologicalmerits,chitosan has good physical
propertiessuchasavailabilityinavarietyofforms(TomihataandIkata,
1997).Furthermore,itis also easy to combine chitosan with other
materials(Itoetal.,1991).
Theuseoftetracycline(TC)offerstheprospectofacceleratingthe

normalhealingprocess(Victoretal.1986).Andinvitrostudies,TCis
highlyeffectiveforthemajorityofperiodontopathicmicroorganismsin
juvenileperiodontitis(Beckeretal.,1991;Demolon etal.,1993)and
refractoryperiodontitis(Silversteinetal.,1988).Bjorvatnetal.(1971)
immersedfreshlyextractedmolarsofratsinTCsolution,whichcauseda
markedstimulationofalveolarboneformationafterreplantation.Insimilar
study,highconcentrationoflocallyappliedTC mighthaveosteogenic
effectinadditiontoitsantibioticaction(Harsetal.,1972).
Inthisstudy,surgicallycreatedone-wallintrabonydefectswereused.

In many investigations,one-wallintrabony defects were known as
unfavorable configuration fornaturalosteogenesis.More walls mean
betterosteogenesis,becauseincreaseinthenumberofwallsbringsabout
anamplesupplyofosteogeniccells(Mellonig,1984).Furthermore,ifthe
numberofwallsindefectisincreased,thefirm fixationoftheimplanted
materialsandeasysuturingispossible,whichassistsinsuppressing
epithelialmigration.
Theuseofsurgicaldefectswasdecidedbasedonapreviousreport

showing thatthehealing processshowed nodifferencebetween the
surgicaldefectsandtheattachmentlosscausedbynaturaldiseaseor
ligation(Wikesjoetal.,1990;1991a;1991b).Anartificialmethodalso
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helpskeeptheinitialexperimental conditionsofthecontrolandthe
experimentalgroupalmostidentical,whichheightensthecredibilityofthe
experiments(Haneyetal.,1993).
The observation period in the histologic studies in animals has

variedfrom 2weeksto3or6months.Eightweekshealinginterval
has been required to evaluate regeneration effect of implanted
biomaterialsinpreviousstudies(Kim etal.,1998;Polsonetal.,1982;
Sigurdssonetal.,1995),andChoietal.(2002)reportedthattherewas
nosignificantdifferenceinboneregenerationbyBMPbetween8and
24weeksinterval.Therefore,in thepresentstudy,8weekshealing
periodwastakenuptoobservetheinitialhealingprocess.
The biodegradable, nonwoven CH, CH-TC0.5, and CH-TC1.0

membranesareeasytomanipulate,andhaveaporousstructurethat
providesporesfortheingrowthofregenerativecells,whichresultsin
an increase of cell differentiation and vascular infiltration. The
membraneallowsthecoagulum toadhereon therootsurfacetobe
repopulatedbycellularelementsderivedfrom theperiodontalligament
andalveolarbone,whilethegingivalfibroblastsandepithelialcellsare
excluded.In previous studies,it was reported that a nonwoven
membraneservedasanexcellentmedium forvariousosteoconductive
substances,and provided thestructureneeded forthein growth of
regenerative cells,especially osteoprogenitorcells (Blumenthaletal.,
1986).
Usually,groupstreatedwithmembraneswereexpectedtoshow less

migrationofjunctionalepithelium comparedtocontrolgroup(Beckeret
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al.,1993).Butinthisstudy,therewasnosignificantdifferenceinthe
junctionalepithelium migrationamongfourgroups.Becausemembranes
preparedinthepresentstudyweresomewhatlackinstiffness,lossof
tightadaptationofmembranearoundtherootsurfaceinearlywound
healing period was occurred,resulting in the failure ofcontrolling
epithelialmigration.
Intermsofconnectivetissueadhesion,nosignificantdifferencewas

seenamongthegroups.ButCH group,CH-TC0.5groupandCH-TC1.0
group showed tighterdistribution ofcollagen fibers with functional
arrangement,whilethesurgicalcontrolgrouphadloosely distributed
collagenfibers,showingrandom toparallelorientation.
The amountofnew cementum regeneration was 1.53±0.52 mm,

1.75±0.27mm,1.99±0.41mm,and2.09±0.25mm inthesurgicalcontrol
group,CH group,CH-TC0.5group,andCH-TC1.0group,respectively.
New cementum regenerationwassignificantlyhigherintheCH-TC1.0
groupcomparedwiththecontrolgroup(p<0.05).Itisthoughtthatthe
CH-TC1.0membraneeffectstheregenerationofcementum asabarrier
membrane, which inhibits epithelial migration, inducing the
differentiationofundifferentiatedmesenchymalcellsintocementoblasts,
aswellasby promoting thedifferentiation ofosteogeniccells.The
regeneratedcementum observedtobecellularfrom thenotch tothe
alveolarcrestandwasgenerallycoveredbycementoblast-likecellsand
cementoidwithperpendicularfiberinsertion.However,thenewlyformed
cementum abovethealveolarcrestwasobservedasathinstripalong
the root surface with few cellular elements and parallel fiber
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arrangement.This result suggests that the suprabony site in a
periodontaldefectishealedbythefibersofgingivalorigin,whilethe
infrabony siteishealed by thefibersofperiodontalligamentorigin
(Barney etal.,1986).Thisdifferencein woundhealing accountsfor
why suprabony site is more likely to lose structural,functional
continuityinthecaseofarelapse.
Theamountofnew boneregenerationwas1.19±0.68mm,1.53±0.17

mm,1.77±0.45mm,and1.82±0.23mm inthesurgicalcontrolgroup,CH
group,CH-TC0.5 group,and CH-TC1.0 group,respectively.In new
bone regeneration,the CH-TC1.0 group showed significantly higher
levelofregeneration,comparedwiththesurgicalcontrolgroup(p<0.05).
Thisresultsuggeststhatsoakingchitosanmembranewith1.0% TC
solutionshowedpositiveeffectsonboneregeneration.However,proper
concentrationofTCsolutionforoptimalresultcouldnotbedetermined
in this study.Besides the antibacterialeffects ofTC,the possible
mechanisms of TC-loaded membrane caused extensive new bone
formationweresuggestedthatcelloriginatedform periodontalligament
or bone might be differentiated into bone-forming cell, namely
osteoblastby the TC-loaded membrane-created healing environment.
andTCmightinitiatedemineralizationonthebonesurfacelayer,which
wouldprobablyresultedinthereleaseofsomeosteogenicfactors,such
astransforming growth factor-β (TGF-β),insulin-likegrowth factor
(IGF),orbonemorphogeneticproteins(BMPs),into thesurrounding
tissuestotriggertheboneinductioneffects.TC-loadedmembranealso
segregatedthecellularperiosteum from thefibrousperiosteum,which
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mightresultinthevigorousactivationandproliferationofosteoblasts
in thecellularperiosteum.Buttherestillaremany questionstobe
clarified,whichcouldnotbeexplainedinthepresentstudyprotocol.
The boundary between the new bone and old bone was
indistinguishableandnewlyformedbonesurfacewasfrequentlylined
withosteoblast-likecellsandosteoidswherecontinuedboneapposition
after 8-week observation period was predictable.The amount of
alveolar bone regeneration measured in groups treated with GTR
modalitywassomewhatlesserthanthatofpreviousstudydealtwith
bonydefectssimilartopresentdefectdesign(Parketal.,2003;Songet
al.,2005;Yeoetal.,2005).Becausemembranesusedinthisstudydid
nothavesufficientstiffnessformaintainingdefectspaceandnobone
graft material was implanted in the defect, partial collapse of
membranesmighthaveoccurredandresultedindecreaseofperiodontal
regenerationrate.
Residualmembraneparticleswereobservedintheconnectivetissue.

butperipheralgiantcellinfiltrationandforeignbody reactionswere
notnoted.Itwasreportedthatchitosanhasbiocompatibilitywiththe
hostinapreviousanimalstudy(Nakajimaetal.,1986).
In thisstudy,mostcasesshowedrootresorption,appearing more

pronounced when the connective tissue was in directcontactwith
dentinthantherootsurfacecoveredbycementum orcementiod.
Ankylosisoftenoccursinthesitesoffastosteogeneticdevelopment

withouttheregenerationoftheperiodontalligaments(Cardetal.,1987),
and notobserved in any ofthe four groups.Usually,periodontal
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ligamentcellsarefarfasterinrepopulationattherootsurfacethan
osteogeniccells.
Overall,The resultssuggestthatsurgicalapplication ofchitosan

membranesoakedwith1.0% tetracyclinesolutioncouldpromotethe
regeneration ofalveolarboneand cementum in intrabony periodontal
defects.However,furtherstudies to improve physicalproperties of
membranesisrequired.Also,Investigationformoreeffectivedelivery
system andthespecificapplicationprotocolforclinicaluseisneeded.
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ⅤⅤⅤ...CCCooonnncccllluuusssiiiooonnn

1.Theaveragedefectheight(DH)was4.35±0.15mm,4.36±0.14mm,
4.28±0.13mm,and 4.29±0.14forthesurgicalcontrolgroup,theCH
group,the CH-TC0.5 group,and the CH-TC1.0 group,respectively.
Therewasnosignificantdifferenceamonggroups.

2.The junctionalepithelium migration (JE)was 2.02±0.78 mm,
1.85±0.47mm,1.53±0.53mm,and1.72±0.15mm forthesurgicalcontrol
group,theCH group,theCH-TC0.5group,andtheCH-TC1.0group,
respectively.Therewasnosignificantdifferenceamonggroups.

3.Theamountofconnectivetissueadhesion(CT)was0.82±0.41mm,
0.77±0.26mm,0.81±0.24mm,and0.59±0.28mm forthesurgicalcontrol
group,theCH group,theCH-TC0.5group,andtheCH-TC1.0group,
respectively.Therewasnosignificantdifferenceamonggroups.

4.Theamountofcementum regeneration(NC)was1.53±0.52mm,
1.75±0.27mm,1.99±0.41mm,and2.09±0.25mm forthesurgicalcontrol
group,theCH group,theCH-TC0.5group,andtheCH-TC1.0group,
respectively.TheCH-TC1.0groupwassignificantlydifferentfrom the
surgicalcontrolgroup(p<0.05).

5.Theamountofalveolarboneregeneration(NB)was1.19±0.68mm,
1.53±0.17mm,1.77±0.45mm,and1.82±0.23mm forthesurgicalcontrol
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group,theCH group,theCH-TC0.5group,andtheCH-TC1.0group,
respectively.TheCH-TC1.0groupwassignificantlydifferentfrom the
surgicalcontrolgroup(p<0.05).

Surgicalapplication of CH-TC1.0 membrane could promote the
regeneration ofalveolarboneand cementum in intrabony periodontal
defects.Theincreasein new boneandnew cementum suggeststhe
potency ofthe CH-TC1.0 membrane in inducing periodontaltissue
regeneration.
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Fig.2-APhotomicrographofasurgicalcontrolsectionshowingepithelial
downgrowth,connectivetissueadhesionandnewboneformation
abovethenotch.(magnification×20)

Fig.2-BPhotomicrographofasurgicalcontrolsectionshowinglooseand
parallelfiberorientationalongtherootsurfaceinthesupracrestal
region(arrow headed).rootresorptionwasnoted.(×400)

Fig.3-A PhotomicrographoftheCH sectionshowingepithelial
downgrowth,CT adhesion,new boneformation.(×20)

Fig.3-BPhotomicrographoftheCHsectionshowingtheresidual
membraneparticle.(×100)

Fig.4-A PhotomicrographoftheCH-TC0.5sectionshowingepithelial
downgrowth,CT adhesion,new boneformation,residual
membrane.(×20)

Fig.4-BPhotomicrographoftheCH-TC0.5section.Fibersareembedded
perpendicularlytonewboneandnewcementum.(×100)

Fig.4-CPhotomicrographoftheCH-TC0.5section.Theperiodontal
ligamentwithwelldevelopedvessels.(×400)

Fig.5-A PhotomicrographoftheCH-TC1.0sectionshowingepithelial
downgrowth,CT adhesion,new boneformation,residual
membrane.(×20)

Fig.5-BPhotomicrographoftheCH-TC1.0section.Suprabony
cementum formedathinstripalongtherootsurfaceandfiber



- 37 -

adhesionshowedparallelorientationalongthenewlyformed
cementum inthesupracrestalregion.Rootresorptionwas
observed.(×100)

Fig.5-CPhotomicrographoftheCH-TC1.0sectionshowing
perpendicularlyorientednew periodontalligamentmediating
attachmenttothenewintrabonycementum andnewbone.(×400)



- 38 -

FFFiiiggguuurrreeesss

            

             Fig. 2-A                        Fig. 2-B 

             Fig. 3-A                        Fig. 3-B 



- 39 -

             Fig. 4-A                         Fig. 4-B 

             Fig. 4-C                         Fig. 5-A 
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             Fig. 5-B                         Fig. 5-C 
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국국국문문문요요요약약약

성성성견견견의의의 111면면면 골골골내내내낭낭낭에에에서서서 테테테트트트라라라싸싸싸이이이클클클린린린 함함함유유유
키키키토토토산산산 차차차단단단막막막이이이 치치치주주주조조조직직직 치치치유유유에에에 미미미치치치는는는 영영영향향향

(지도교수 최 성 호)
연세대학교 대학원 치의학과

한 광 희

연연연구구구배배배경경경:치주 치료의 궁극적인 목표는 파괴된 치주조직을 구조적,기
능적으로 재생시키는데 있다.이를 위해 조직유도 재생술,골 이식술,성장
인자적용등과 같은 다양한 재생 술식들이 시행되어져 왔다.이중 차단막을
이용한 치주조직 재생술은 오랜 기간에 걸쳐 실험되고 임상에 적용되어져
왔으며 최근 생분해성 차단막의 재료로써 생체적합성이 우수하고 항균 작
용과 창상 치유에 효과적인 키토산에 대한 다양한 연구가 활발히 진행되고
있다.
이 연구의 목적은 테트라싸이클린을 함유한 키토산 차단막을 beagle

dog에 외과적으로 형성한 1면 골내낭에 적용하여 치주조직의 재생에 미치
는 영향을 평가하는 것이다.

재재재료료료 및및및 방방방법법법:Beagledog에서 하악 양측의 제 2소구치의 원심면과
제 4소구치의 근심면에 4×4mm 크기의 1면 골내낭을 외과적으로 형성하
고,임의로 위치를 선택하여 치은 박리 소파술만 시행한 군을 대조군으로,
치은박리 소파술 후 키토산 차단막을 적용한 군을 실험 1군 (CH 군)으로,



- 42 -

치은박리 소파술 후 0.5% 테트라싸이클린 용액에 10분간 침지시킨 키토
산 차단막을 적용한 군을 실험 2군 (CH-TC0.5군)으로, 치은박리 소파술
후 1.0% 테트라싸이클린 용액에 10분간 침지시킨 키토산 차단막을 적용
한 군을 실험 3군 (CH-TC1.0군)으로 설정하여 실험하였다.실험동물은
술 후 8주에 희생시키고 조직학적 검사를 시행하였다.

결결결과과과:접합상피의 치근단 이동량은 대조군,실험 1군,실험 2군,실험 3군
에서 각각 2.02±0.78㎜,1.85±0.47㎜,1.53±0.53㎜,1.72±0.15㎜로
나타났으며,각 군 간에 통계적인 유의차는 없었다.결합조직 유착의 길이는
대조군,실험 1군,실험 2군,실험 3군에서 각각 0.82±0.41㎜,0.77±0.26
㎜,0.81±0.24㎜,0.59±0.28㎜로 나타났으며,각 군 간에 통계적인 유의차
는 없었다.신생백악질 형성은 대조군,실험 1군,실험 2군,실험 3군에서 각
각 1.53±0.52㎜,1.75±0.27㎜,1.99±0.41㎜,2.09±0.25㎜로 나타났으
며,대조군과 실험 3군 사이에 유의성 있는 차이를 보였다 (p<0.05).신생골
형성은 대조군,실험 1군,실험 2군,실험 3군에서 각각 1.19±0.68㎜,1.53
±0.17㎜,1.77±0.45㎜,1.82±0.23㎜로 나타났으며,대조군과 실험 3군
사이에 유의성있는 차이를 보였다 (p<0.05).

결결결론론론:CH-TC1.0차단막을 외과적으로 형성한 치조골 결손부에 적용시
킨 경우 신생 백악질 및 치조골의 형성이 촉진된 것으로 분석되며,
CH-TC1.0차단막의 사용은 치주 조직 재생에 유용한 적용 방법으로 사료
된다.

핵심 되는 말 :키토산,테트라싸이클린,1면 골내낭,치주 조직 재생,신생
백악질,신생골                            
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