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ABSTRACT

Theeffectofboneregenerationaccordingtomaintenanceperiod
ofthenon-resorbablemembraneinrabbitcalvarialdefects

Kim Hyung-Seok,D.D.S.
Adviser:Prof.Kim Byung-Ock,Ph.D.
DepartmentofDentistry,
GraduateSchoolofChosunUniversity

When thetooth lossisduetotraumaorcongenitalabscence,often aridge
augmentationprocedureisrequestedtocorrectthebonedefectpriortoimplant
placement.(2)Althoughmany clinicianshavetriedGTR,they haven'tsureabout
maintaingperiodofnon-resorbablemembraneusedheresuchasPTFE.
Thepurposeofthisstudyisto figureout how maintainingperiodofPTFE  

membraneusedinGTR withautogeneousbone,heterogeneousboneandsynthetic
boneonrabbits'cranialdefect effectonboneformation.
EightadultNew Zealandwhiterabbitswereusedinthisstudy.Fourdefects

were surgically made in theircalvaria.Using a trephine bur,4 'through and
through'defectswerecreatedandclassifiedinto4groups,whichwereconsistedof
control(nograft),experimentalgroup1(autogeonousbone)and experimentalgroup
2(deproteiniwed bovine bone:OCS-BⓇ), experimental group 3(Xenogenic graft:
MBCP).ThedefectswerecoveredwithPTFEmembrane(CytoplastⓇ ).Membranes
wereromovedafter1,2,4and8weekspost-GBRineach2rabbits.Andthen,all
rabbits were sacrificed,specimens were taken and observed histologically.The
resultswereasfollow:
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1)Afterremovingthemembranesinaweek,boneformationwasnotevidentina
controlgroupbuttheareawastookplacewithonlyloosefibrousconnective
tissue.Ingroup1,thinboneformationandinfiltrationofconnectivetissueon
thesuperficiallayerwereobserved.Initialboneformation and infiltration of
fibrousconnectivetissuewereevidentingroup2and3.

2)Whenthemembraneswereremovedafter2weeksoftheexperiment,bridge
shapedboneformationwasshownincontrolgroupbutmostlyconnectivetissue
tookplace.Moreincreasedbonethicknesswasevidentingroup1andincreased
boneformationthanfirstweekwasshowningroup2and3.

3)When the membranes were removed after 4 weeks,2/3 ofnormalbone
thicknesswasformedincontrolgroupstillwithinfiltrationofconnectivetissue.
Ingroup1,regularboneformationwithnormalbonethicknesswereshownand
ingroup2and3,similarbonethicknesstothenormalonewasevident.

4)Aftertheremovalofthemembranesin 8weeks,bonethicknessformedin
controlgroupwasincreasedthan4thweekbutcouldnotreachnormalbone
thickness.In group 1,normalbonethicknesswasformed and similarbone
thicknesstothatofnormalonewasobservedingroup2and3.

5) After GBR,the membrane was removed in initial time,the usage of
nonabsorbablemembraneandautogenousboneresultedinthemostfavorable
bone formation.When heterogeneous bone and synthetic bone were used,
similarly favorableresultwasobservedandinthegroupwithoutany graft
materialshowedtheleastboneformation.
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6)InGBR,atleast4-weekperiodofmaintainingthemembraneisrequiredand
whenxenograftorsyntheticboneisusedmoremaintainingtimethanthatof
autogenousboneisneededforbetterboneregeneration.Inthefuture,additional
studieswithmorespeciesandothergraftmaterialswillbeneededandclinical
studiesbasedonthis willalsoberequired.
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ⅠⅠⅠ...IIInnntttrrroooddduuuccctttiiiooonnn

Thesuccessfuluseofosseointegratedimplantsinthetreatmentofcompleteor
partialedentulism requiresasufficientquantity ofavailablebone.Placementof
dentaltitanium implantsisawell-estabilished treatmentmodality in edentulous
areasofthejaws.(1)However,whenthetoothlossisduetotraumaorcongenital
abscence,oftenaridgeaugmentationprocedureisrequestedtocorrectthebone
defectpriortoimplantplacement.(2)Guidedboneregeneration(GBR)hasbecomean
acceptablemethodinclinicaldentistrytofacilitateaugmentationofalveolarridge
defects,topromoteimplantwoundhealing,andtoregenerateimplantdefects.The
goalofGBRistostimulateoratleastfacilitatethegrowthofnew boneintothe
augmentedsite.SuccessfuloutcomeswiththeGBRtechniquerequirethefulfillment
ofcertainbiologicprinciples,namelywoundstabilization,exclusionofcompeting
tissues,andspacemaintenance.(3)ToenhancetheregenerativepotentialityinGBR
technique,acombinationofbonefillersandtheuseofmembranesseemstobean
appropriatetreatmentpreference.A varietyofsyntheticandnaturallyderivedGBR
barriershavebeendevelopedandtestedwithpromisingresults.(4)Themembranes
areoftenusedtocreateaspacebetweenthebonecompartmentandtheoverlying
gingivalflap.They areallsupposed topreventepithelialand connectivetissue
cells,whichmigratemorequicklythanbonecells,from invadingtheareawhere
angiogenesis and osteogenesis must take place.(5-7) Currently when GBR is
performed,e-PTEEmembraneisthemostwidelyusedoneamongnon-resorbable
membranes.However,e-PTEEmembraneislackofsoliditysothatthecollapseof
membranewasobservedduringhealingperiod(8-11)orwhenitwasexposedorally
in early stage,itcouldresultin infection from plaquedeposition duetorough
surfaceofthemembrane.(12-14)Still,whene-PTEEmembraneisused,itissuitable
forsofttissuesbecauseitdoesn'tform inflammationorabscess.Inaddition,itis
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reportedthateventhoughthemembraneisexposed,normalboneremodelingin
bonedefectareaisaccomplished.(15)

Theuseofbonefillersunderneath themembranein largerdefectshasbeen
advisedbecausebonefillersnotonlysupportthemembranetomaintainthecreated
space,buttheymayalsoaccelerateboneregenerationwiththeirosteoconductiveor
possibly osteoinductiveproperties.(16-18) Grafting materialsareautograft,synthetic
grafts,allograftsandxenografts.Autograftisconsideredthe"goldstandard"for
graftingoralbonydefects.(19,20)Graftingmaterialshavebeendevelopedsynthetically
derived from corals or algae or produced from natural bone mineral.(21-23)

Deprotenizedbovinebonematerialswithhighbiocompatibilityshowedgoodclinical
successand proven osteoconductiveproperties.(24-26) Thedevelopmentofcalcium
phosphateceramicsandotherrelatedbiomaterialsforgraftinvolvedabettercontrol
oftheprocessofbiomaterialsresorptionandbonesubstitution.Hydorxyapatite(HA)
waspossibletooffermagnificentskeletalstructurefornewlyformedbonetogrow
butitshowedskepticalresultinabilityofregenerating.Onthecontrary,β-TCP
provedtohavetheabilitytoform new boneinbonedefectareaaroundtheteeth
butitspredictabilityinspeedofresorptionwaslow.(27-30) Thestudytofigureout
themostfavorablecompoundratioofHA and β-TCPwasdevelopedanditwas
reportedthatthehigherratioofHA than β-TCPpromotednew boneformationin
bonedefectarea.(31-33)Thesematerialsdifferincompositionandphysicalproperties
from each otherand from bone and mustbe take in consideration formore
efficientboneingrowthattheexpenseofthebiomaterialsandtoadapttonew
developmentofdedicated biomaterials.(34) MBCP (Macroporous biphasic calcium
phosphate)witha60/40HA/β-TCP weightratiowasglobalporosity(70%)and
twodifferentporesize(macroporesize>100μm,microporesize<10μm).Ofthese,
microporosityinducesthedepositionofbonecrystalandmakesangiogenesisand
boneingrowthpossible.(35)
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The purpose ofthe presentstudy was histologically and histometrically to
evaluatetheeffectsaccordingtothemembraneapplicationperiodsonGBR with
non-resorbablemembraneandgraftmaterials(autograft,OCS-B,MBCP,)newly
formedboneandnewlyformedboneremodelingprocessafterremovalofe-PTFE
membranesand comparedtheeffectivenessofe-PTFE membranes,withtheuse
ofautograft,OCS-BandMBCPgraft,inboneregeneration.
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ⅡⅡⅡ...MMMaaattteeerrriiiaaalllaaannndddMMMeeettthhhoooddd

1.Surgicalprotocol
EightNew Zealandwhitefemalerabbitsbetween2.8and3.2kgwereincludedin

thisrandomized,blinded,prospectivestudy.EachrabbitwasanesthetizedwithZoletil
50Ⓡ (10mg/kg,VIRBAC Lab,France)and XylazineHcl(RompunⓇ,2.323mg/kg,
Bayer,Korea).
Thefurwasshavedovercranium,whichwaspreparedanddrapedinasterile

fashion.Incisionsweremadetothebonycranium andperiosteum wasreflected.By
means of trephine bur(external diameter: 8mm,3i,USA),four standardized
'through-through'bonedefectwerecreated with copiousirrigation.Thecranial
defects were randomly grafted with autogenous bone(ExperimentalGroup 1),
OCS-BⓇ (NIBEC,Korea:Group 2),MBCPⓇ (PURGO,Korea:Group 3)and no
graft(Control group). The defects were covered with nonresorbable PTFE
membrane(CytoplastⓇ).Thewound wasclosed with resorbablesuturematerial
(SurgifitⓇ,AILEE,Korea).Attheendofthesurgicalprocedure,allanimalsreceived
asingleintramuscularinjection ofGentamicin (5mg/kg,Daesung Microbiological
Labs.Co.Korea)during1week.Membraneswereremovedafter1,2,4and8
weekspost-GBR in each 2rabbits.And then,allrabbitsweresacrified using
phentobarbital(100mg/kg)intravenouslyat8weeks.

2.HistologyandHistometricProcedures
Theblocksections,includingtheexperimentalsites,werefixedin10% buffered

formalin solution for2 weeks,and decalcified in 10% formic acid decalcifying
solution(Fisher Scientific,Tustin,CA)during 4 months.Itwas embedded in
paraffin andcutinto6μm thickness.Thesectionswerestainedwith H&E and
observedbyopticalmicroscope.
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Fig.1.Photographofthesurgicalsites.
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ⅢⅢⅢ...RRReeesssuuullltttsss

1.Controlgroup(Nografting)
Inthegroupremovedmembraneafter1week,bonewindow barelyshowedbone

formation and itwas healed with connective tissues.In the group removed
membraneafter2weeks,alittleboneformationwasappearedfrom thelateralpart
ofbonewindow andtherestwashealedwithconnectivetissues.Inthegroup
withremovalofmembraneafter4weeks,thethicknessofgeneralboneformation
in bone window was less than adjacentnaturalbone. In the group which
maintainedthemembraneuntil8weeks,likelythegroupof4weeks,incomplete,
lessboneformation than adjacentnaturalbonewasevidentand therestwas
healedwithconnectivetissues.

Fig.2.Histologicalimagesofcontrolgroup.Membraneswereremovedafter1(A,
B),2 (C,D),4 (E,F) and 8-weeks (G,H) of GBR.(A,C,E,
G-magnification×50;B,D,F,H-magnification×100)
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2.Group1(Autogenousbone)
Inthegroupremovedthemembraneafteraweek,originalbonethicknesswas
recoveredbutalittleconnectivetissueproliferationinthecenterofgraftedarea
wasobserved.Inthegroupof2weeks, similaraspectwasevident.Inthegroup
whichmaintainedthemembranemorethan4weeks,boneformationinthecenter
ofthegraftedareawasshownandthethicknessofbonewasformedasmuchas
adjacentone.Additionally,combinationofautogenousboneandnewlyformedbone
wasaccomplished.

Fig.3.HistologicalimagesofexperimentalgroupI.Membraneswereremoved
after1(A,B),2(C,D),4(E,F)and8-weeks(G,H)ofGBR.(A,C,E,
G-magnification×50;B,D,F,H-magnification×100)
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3.Group2(OCS-B)
In groupsremovedthemembraneafter1week,2weeksand4weeks, thebone

thicknessmaintainssimilartotheadjacentnaturalbonebutconnectivetissuein
the uppercenterofgrafted area was observed.In the group maintained the
membranetill8weekssimilarbonethicknesstotheadjacentnaturalbonewas
formedwithouttheinfiltrationofconnectivetissue.Graftmaterialdidn'tabsorbed
andnew bonewasformedaroundit.

Fig.4.HistologicalimagesofexperimentalgroupII.Membraneswereremoved
after1(A,B),2(C,D),4(E,F)and8-weeks(G,H)ofGBR.(A,C,E,
G-magnification×50;B,D,F,H-magnification×100)

HHH

GGG

FFF

EEEAAA

BBB

CCC

DDD



-9-

4.Group3(MBCP)
Ingroupswithremovalofmembraneafteraweek,2weeksand4weeks,they

maintained less than group 2 butsimilar to naturalbone like group 2 but
connectivetissueintheuppercenterofthegraftedareawasobserved.In the
groupmaintainedthemembraneuntil8weeks,similarthicknessofboneformation
toadjacentnaturalbonewasevident.

Fig.5.HistologicalimagesofexperimentalgroupIII.Membraneswereremoved
after1(A,B),2(C,D),4(E,F)and8-weeks(G,H)ofGBR.(A,C,
E,G-magnification×50;B,D,F,H-magnification×100)
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IIIVVV...DDDiiissscccuuussssssiiiooonnn

In the past decade, the use of barrier membrane became a clinically
well-documentedandsuccessfulprocedure.(36,37)Theplacementofarigidbarrier
membrane created a secluded space adjacentto a bone surface.The barrier
impededcellsoriginatingfrom thesurroundingsofttissuestoinvadethecreated
space thatbecomes gradually filled with newly formed bone(38).To date,a
prolonged membrane application period has been regarded as idealfor the
maturationofnewlyformedboneexceptfortheoccurrenceofinfection.Thus,it
hasbeenproposedthatlong-term membraneapplicationperiodssuchas6to10
monthsand4to6weeksaresuitableforGBR operationandGTR operations,
respectively.However,recent studies have pointed out the disadvantages of
long-term applicationofmembranestonewlyformedbonesuchastheinductionof
pronounced boneatrophy underneath themembrane(39) and theimmaturation of
newly formed bone atthe time of11 months postGBR.(40) When GBR is
performed,bonegraftmaterialsareused to securetheregenerating area with
membrane.Autogenousboneiswidelyknownasthemostidealbonematerial(41)

butitrequiressecondary surgery on donorsitesand longeroperation time.In
additionitcouldresultininfection,postoperativepain,paresthesiaorscarandit
alsolimitthesizeofgraftfragmentandtheratioofresorptionisnotstable.(42)

Therefore,substitutes for autogenous bone is widely introduced deproteinized
bovinebonemineral(DBBM)isaxenogenicgraftmaterialthathasbeenwidely
usedasabonesubstituteinimplantdentistryand inperiodontology(43).DBBM
hasosteoconductivepropertiesasitpromotescellularadhesion,woundhealingand
theformationofnew bonetissue.Ithasaphysical-chemicalstructuresimilarto
thatofhumancancellousbone,intermsofitscalcium phosphorindex(2.03)and
itsisomericcrystallinedimensions.(44)Severalauthorsrecommendtheuseofbovine
apatiteinGBR techniqueswithbothresorbableandnonresorbablemembranes.(45)
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Xenogenicgraftslike(deproteinizedbone)hasproblem ingeneticgraftantigenso
manystudiesfocusedonhow tominimalizedtheimmunereactionbytreatingthe
bonediversely.Thedifferenceofboneconductioncanbeshownaccordingtothe
amountofapatitecrystalsorcarbons.Inhence,thedegreeofboneconductionis
improved ifdegree ofapatite crystalis low and the amountofcarbon is
abundant..(46-47)Graftmaterialused in thisstudy,OCS-B isreported when bone
graft material undergo low-temperature treatment its physical, chemical
characteristic is similarto those ofapatite in human bone.(48) Anothergraft
materialused in thisstudy,MBCP,issyntheticboneproduced by mixing HA
whoseactivityislow andstableand β-TCPwhoseactivityishigh.Itisreported
thatcalcium andphosphorousionsreleasedwithgradualresorptionofbonegraft
material playtheroleofgrowingseedofnewlyformedbone.(27)Inthestudyof
Daculsiet.al.,theyreportedthatmixtureof60% ofHA and40% ofβ-TCP is
MBCPandtheratioisthemostidealasbonesubstitute.Italsohasmulti-porous
structurewhichcanmakeiteasierfornew bonetogrow andtobecalcificated.(49)

Thenecessityforprolongedapplicationperiodsremainsquestionable.Thepresent
studyhasdemonstratedbylightmicroscopyandhistometricalchangesinnewly
formedboneandtheeffectsofmembraneremovalon thematuration ofnewly
formedbone.
In thepresentstudy,variousbonefillerswereexamined in membrane-covered
defectsinthecalvarium withregardtonew boneformationanddegradability.This
study confirmspreviousreportsthat,with theplacementofbarriermembranes,
bonefillersenhancethepotentialforboneregenerationinsurgicallycreateddefects.
Inthisstudy,aftercertainperiods,ineachgroupusedautogenousbone,OCS-B,
andMBCPboneformationwascompletedthoughtheamountwasdifferent.
Here,boneformingabilityofseveralbonegraftmaterials withtheeffectofbone
formationaccordingtothetimeofremovalofmembranewhenGBRwasperformed
wasstudied.Asaresult,when autogenousbonewasused,after4weeksand
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whenxenograft,syntheticbonewasused,after8weeks,normalbonethickness
wasrecovered withoutinfiltration ofconnectivetissue.Becauseoffasterbone
formation in the center of bone window,it is considered that at least 4
week-periodofmaintainingthemembraneisrequiredforboneformation.
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ⅤⅤⅤ...CCCooonnncccllluuusssiiiooonnn

In thisstudy,weformed bonewindow in rabbitscrania and compared the
amountofboneformation in groupsofgrafting autogenousbone,deproteinized
bovine bone,heterogeneous bone,HA/TCP synthetic bone,and in the group
withoutanythingtobegrafted.Followingresultswereobtained.

1)Afterremovingthemembranesinaweek,boneformationwasnotevidentina
controlgroupbuttheareawastookplacewithonlyloosefibrousconnective
tissue. Ingroup1,thinboneformationandinfiltrationofconnectivetissueon
thesuperficiallayerwereobserved.Initialboneformation and infiltration of
fibrousconnectivetissuewereevidentingroup2and3.

2)Whenthemembraneswereremovedafter2weeksoftheexperiment,bridge
shapedboneformationwasshownincontrolgroupbutmostlyconnectivetissue
tookplace.Moreincreasedbonethicknesswasevidentingroup1andincreased
boneformationthanfirstweekwasshowningroup2and3.

3)When the membranes were removed after 4 weeks,2/3 ofnormalbone
thicknesswasformedincontrolgroupstillwithinfiltrationofconnectivetissue.
Ingroup1,regularboneformationwithnormalbonethicknesswereshownand
ingroup2and3,similarbonethicknesstothenormalonewasevident.

4)Aftertheremovalofthemembranesin 8weeks,bonethicknessformedin
controlgroupwasincreasedthan4thweekbutcouldnotreachnormalbone
thickness.In group 1,normalbonethicknesswasformed and similarbone
thicknesstothatofnormalonewasobservedingroup2and3.
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5)AfterGBR,themembranewasremovedininitialtime,theusageofnonabsorbable
membraneandautogenousboneresultedinthemostfavorableboneformation.
When heterogeneousboneand syntheticbonewereused,similarly favorable
resultwasobservedandinthegroupwithoutanygraftmaterialshowedthe
leastboneformation.

6)InGBR,atleast4-weekperiodofmaintainingthemembraneisrequiredand
whenxenograftorsyntheticboneisusedmoremaintainingtimethanthatof
autogenousboneisneededforbetterboneregeneration.Inthefuture,additional
studieswithmorespeciesandothergraftmaterialswillbeneededandclinical
studiesbasedonthis willalsoberequired.



-15-

RRReeefffeeerrreeennnccceee

1.Albrektsson,T.,Dahl,E.,Enborn,L.,Engevall,S.,Engquist,B.,Eriksson,A.R.,
Feldmann,G.,Freiberg,N.,Glantz,P.O.,Kjellman,O.,Kristersson,L.,Kvint,S.,
Kondell,P.Osseointegratedoralimplants.A Swedishmulticenterstudyof8139
consecutively inserted Nobelpharma implants. Journal of periodontology
1988;59:287-296.

2.SchmitA,ZarbGA.Thelongitudinalclinicaleffectivenessofosseointegrated
dentalimplantsforsingle-toothreplacement.IntJProsthodont.1993;6:197-202

3.Mellonig JT,Nevins M,SanchezR.Evaluation ofa bioabsorbablephysical
barrierforguidedboneregeneration.PartII.Materialandabonereplacement
graft.IntJ PeriodonticsRestorativeDent1998;18:139-149.

4.Hammerle,C.H.F.Membranesandbonesubstitutesinguidedboneregeneration.
Proceedingsofthe3rdEuropeanWorkshoponPeriodontology1999;3:468-499.

5.Buser,D.,Bragger,U.,Lang,N.P& Nyman,S.Regenerationandenlargementof
jaw bone using guided tissue regeneration.ClinicalOralImplants Research.
1990;1:22-32.

6.Buser,D.,Dula,K.,Hirt,H.P.& Schenk,R.K.Lateralridgeaugmentationusing
autograftsand barriermembrane.A clinicalstudy in 40partially edentulous
patients.JournalofOralandMaxillofacialSurgery1996;54:420-432.

7.Wang,H.L.,Principlesin guidedboneregeneration.DentalImplantology Update.
1998;9:33-37.



-16-

8.Blumental,NM.A clinicalcomparison ofcollagen membraneswith e-PTFE
membranes in the treatmentofhuman mandibularbuccalclassⅡ furcation
defects.JPeriodontol.1993;64:925-933.

9.Becker,W.,Becker,B.,Berg,L.New attachmentaftertreatmentwith root
isolationprocedure:reportfortreatedClassⅢ andClassⅡ furcationsandvertical
osseousdefects.IntJPeriodontResDent.1988;8:2-16.

10.Pontoriero,R.,Lindhe,J.,Nyman,S.,Karring,T.,Rosenberg,E.,Samavi,F.
GuidedtissueregenerationindegreeⅡfurcation-involvedmandibularmolar.A
clinicalstudy.JClinPeriodontol.1988;15:247-254

11.Becker,W.,Becker,B.Treatmentofmandibular3-wallintrabonydefectsby
flapdebridementande-PTFE membranes.Longterm evaluationof32treated
patients.JPeriodontol.1993;64:1138-1144.

12.Casati,MZ.,Sallum,EA.,Caffesse,RG.,Sallum AW.Enamelmatrixderivative
andhealingafterguidedboneregenerationindehiscence-typedefectsaround
implants:A histomorphometricstudyindogs.JPeriodontol2002;73:789-796.

13.Lindhe,A.,Thoren,C.,Dahlin,C.,Sandberg,E.Creation ofnew boneby
osteo-pro-moticmembranetechnique.JOralMaxillofacSurg.1993;51:892-897.

14.Tinti,C.,Vincenzi,G.,Cochetto,R.Guidedtissueregenerationinmucogingival
surgery.JPeriodontol.1993;64:1184-1191.

15.BarteeBK.Theuseofhigh-densitypolytetrafluoreethylenemembranetotreat
osseousdefects:Clinicalreports.ImplantDent1995;4:21-26



-17-

16.Nevins M.,Mellonig JT.Ehancementofthe damaged edentulous ridge to
receviedentalimplants:AcombinationofallograftsandtheGore-Texmembrane.
IntJPeriodonticsRestorativeDent.1992;12:97-111.

17.BuserD.,DulaK.,BelserU.,HirtHP.,BertholdH.Localizedridgeaugmentation
using guided bone regeneration.I.Surgicalprocedure in the maxilla.IntJ
PeriodonticsRestorativeDent.1993;13:29-45.

18.SimonM.,DahlinC.,TrisiP.,PiatteliA.Qualitativeandquantitativecomparative
study on different filling materials used in bone tissue regeneration:A
controlledclinicalstudy.IntJPeriodontsRestorativeDent.1994;14:199-215

19.Moy,P.K.Lundgren,S.,Holmes,R.E.Maxillarysinusaugmentation:Histomorphometric
analysis ofgraftmaterials formaxillary sinus flooraugmentation.J Oral
MaxillofacialSurg.1993;51:857-862.

20.Gross,J.S..Bonegrafting materialsfordentalapplications:A practicalguide.
CompendContinEducDent.1997;18:1013-1018,1020-1022.1024.

21.Bohner,M.Calcium orthophosphatesin medicine:from ceramicstocalcium
phophatecements.Injury2000;31(Suppl.4):37-47.

22.Kasperk,B., Ewers,R.,Simons,B.& Kasperk,R.Algae-derived(phykogene)
hydroxyapatite:a comparative histologicalstudy.Int J OralMaxillofacial
Surgery.1988;17:319-324.

23.Jensen,S.S.,Aaboe,M.,Pinholt,E.M.,HjØrting-Hansen,E.,Melsen,F.&
Ruyter,I.E.Tissuereactionandmaterialcharacteristicsoffourbonesubstitutes.
IntJOralMaxillofacialImplants.1996;11:55-66



-18-

24.ZitzmannN.U.,NaefR.,ScharerP.Resorbableversusnonresorbablemembranes
incombinationwithBio-Ossforguidedboneregeneration.IntJOralMaxillofac
Implants.1997;12:844-852.

25.Hammerle,C.H.F.,KarringT.Guidedboneregenerationatoralimplantsites.
Periodontology2000.1998;17:151-175.

26.HockersT.,AbensurD.,ValentiniP.etal.Thecombineduseofbioresorbable
membranesandxenograftsorautograftsinthetreatmentofbonedefectsaround
implants.A studyinbeagledogs.ClinOralImplantsRes.1999;10:487-498.

27.DaculsiG,LeGerosRZ,NeryE,Lynch,KerebelB.Transformationofbophasic
calcium phosphate ceramic in vivo: Ultrastructural and physicochemical
characterization.JBiomedMaterRes.1989;23:883-894.

28.DaculsiG,PassutiN,MartinS,DeudonC,LegerosRz,RaherS.Macroporous
calcium phosphateceramicforlongbonesurgeryinhumananddogs.Clinical
andhistologicstudy.JBiomedMaterRes.1990:24:379-396.

29.GauthierO,BoulerJM,AgaudoE,PiletP,DaculsiG.Macroporousbiphasic
calcium phosphateceramics:influenceofmacroporediameterandmacroporosity
percentageonboneingrowth.Biomaterials1998;19:133-139.

30.KarabudaC,OdzemirO,TosunT,AnilA,OlgasV.Histologicandclinical
evaluationof3differentgraftingmaterialsforsinusliftingprocedurebasedon
8cases.JPeridontol.2001:72:1436-1442.

31.NeryEB,LeGerosRZ,LynchKL,LeeK.Tissueresponsetobiphasiccalcium



-19-

phosphateceramicwithdifferentratiosofHA/β-TCP inperiodontalosseous
defects.JPeriodontol.1992;63:729-735.

32.Yamada S,Heymann D,BoulerJM,DaculsiG.Osteoclastic resorption of
calcium phosphateceramicswithdifferenthydroxyapatite/beta-tricalcium phosphate
ratios.JBiomedMaterRes.1997;37:346-352.

33.Klein CPAT,DriessenAA,DeGrootK.Biodegradationbehaviorofvarious
calcium phosphatematerialsinbonetissue.JBiomedMaterRes.1983;17:769-784.

34.DaculsiG.,BoulerJ.M.,LegerosR.Z.Adaptivecrystalformation:innormaland
pathological calcification, in synthetic calcium phosphate and related
biomaterials.Int.Rev.Cytology.1996;172:129-191

35.DeGroot,K:Effectofporosityandphysico-chemicalpropertiesonthestability,
resorption and strength ofcalcium phosphate ceramics.Ann NY Acad Sci
1988;253:227-331.

36.LazzaraRM.."Immediateimplantplacementintoextractionsites:thesurgicaland
restorativradvantages."IntJPeriodontRsstorDent.1989;9:333-343.

37.Becker.W.Becker.B.Heldelsman.M.etal.."Guidedtissueregenerationforimplants
placedintoextractionsockets:astudyindogs."JPeriodontol1991;62:703-709.

38.Kostopoulos.L.Karring.T.."Guidedboneregenerationinmandibulardefectsin
ratsusingabioresorbablepolymer."ClinOralImpRes.1994;5:66-74.

39.BuserD,Ruskin J,Higginbottom F,Hardwick R,Dahlin C,Schenk RK.



-20-

Osseointegrationoftitanium implantsinboneregeneratedinmembrane-protected
defects:A histologic study in the canine mandible.IntJOralMaxillofac
Implants1995;10:666-681.

40.HosokawaR,NaitoT,YokotaM,UchidaY.Long-term placementofGore-Tex
membraneoveranalveolarbonedefectfollowedbydentalimplantrestoration:
A casereport-evaluationofthemembraneregeneratedbonematuration.JJpn
ProsthodontSoc1995;39:19-26

41.BreineU,Branema가 PI.Reconstructionofthealveolarjaw bone.Anexperimental
and clinicalstudy ofimmediate and preformed autologous bone grafts in
combination with osseointegrated implants.Scand J Plast Reconstr Surg.
1980;14:23-48.

42.ClaveroJ,LundgrenS.Ramusorchingraftsformaxillarysinusinlayandlocal
onlayaugmentation:comparionofdonorsitemorbidityandcomplications.Clin
ImplantDentRelatRes.2003;5:154-160.

43.Hammerle,C.H.& Lang,N.P.Singlestagesurgery combining transmucosal
implantplacementwithguidedboneregenerationandbioresorbablematerials.
ClinicalOralImplantsResearch.2001;12:9-18.

44.Benezra,R.V.,Hobbs,L.W.& Spector,M.Theultrastructureofanorganic
bovineboneansselectedsynthetichydroxyapatitesusedasbonegraftsubstitute
materials.Biomaterials2002;23:921-928.

45.Fugazzotto,P.A.GBRusingbovinebonematrixandresorbableandnonresorbable
membranes.PartⅠ:histologicresults.InternationalJournalofPeriodontics&



-21-

Restorative Dentology 2003a;23:361-369.PartⅡ:clinicalresults.International
JournalofPeriodontics& RestorativeDentology2003b;23:599-605.

46.GrossKA,BemdtCC.Biomedicalapplicationsofapatites.InKohnMJ,Rakovan
J, Huges JM, eds. Phophates: geochemical, geobiological and material
importance,reviewsinmineralogy andgeochemistry,vol.48.WashingtonDC:
MineralogicalsocityofAmerica;2002:631-672.

47.ElliotJC.Calcium phophatebiomaterials.InKohnMJ,RakovanJ,HugesJM,
eds.Phophates:geochemical,geobiologicalandmaterialimportance,reviewsin
mineralogyandgeochemistry,vol.48.WashingtonDC:Mineralogicalsocityof
America;2002:631-672.

48.Kim HS,JangYH,RheeSH,LeeYK,Lim BS,ParkHN,SeolYJ,ChungCP,Han
SH.Effectofsize,crystallinityandcontentofcarbonateionsofapatiteionsof
apatitecrystalsonosteoconductivity.BiomaterialsRes2005;9:193-197.

49.NeryEB,LeGerosRZ,LynchKL,LeeK.Tissueresponsetobiphasiccalcium
phosphateceramicwithdifferentratiosofHA/β-TCP inperiodontalosseous
defects.JPeriodontol1992;63:729-735.



-22-

Table1.Histometricallyevaluationofcontrolgroup.Membraneswereremovedafter
1week,2week,4weeks,8weeks

EmptyEmptyEmptyEmpty

0

1000

2000

3000

4000

5000

1 week 2 weeks 4 weeks 8 weeks

Empty

Table2.HistometricalevaluationofexperimentalgroupI

Autogeous boneAutogeous boneAutogeous boneAutogeous bone

0

2000

4000

6000

8000

10000

12000

1 week 2 weeks 4 weeks 8 weeks

Autogeous

bone



-23-

Table3.HistometricalevaluationofexperimentalgroupII

OCS-BOCS-BOCS-BOCS-B

0

2000

4000

6000

8000

10000

1 week 2 weeks 4 weeks 8 weeks

OCS-B

Table4.HistometricalevaluationofexperimentalgroupIII

MBCPMBCPMBCPMBCP

0

1000

2000

3000

4000

5000

6000

7000

1 week 2 weeks 4 weeks 8 weeks

MBCP



-24-

국문초록

가토 두개골 결손부에서 비흡수성 차단막의
유지기간에 따른 골재생 효과

김 형 석
조선대학교 치과대학 치주과학교실

(지도교수 :김병옥)

외상 또는 선천적으로든 광범위하게 결손된 치조골에서 이상적인 임플란트의 식립을
위해서는 골유도재생술이라는 술식이 필요로 하게 된다.비록 많은 임상가들이 골유도
재생술을 시행하지만,이때 사용된 PTFE와 같은 비흡수성 차단막의 유지 기간에 대해
서는 확신을 갖을수가 없었다.이 실험의 목적은 토끼의 두개골 결손부에서 자가골,이
종골,합성골등을 이용한 골유도 재생술에서 사용된 PTFE차단막의 유지기간이 골형성
효과에 어떤 영향을 미치는지에 대해서 알아보고자 함이다.
이 연구에서는 8마리의 가토가 사용되었다.트레핀 버를 이용하여,그들의 두개골에

4개의 골결손부를 인위적으로 형성하였다.각각의 결손부는 4개의 군:대조군(이식재를
사용치 않은 군),실험 1군(자가골),2군(OCS-B),3군(MBCP)으로 구분하였다.결손부
들은 비흡수성 차폐막인 e-PTFEmembrane(Cytoplast)로 덮혀졌다.차폐막은 골유도
재생술 시행 후,1주,2주,4주 그리고 8주째에 각 2마리씩 제거되어졌다.그리고 나서
모든 가토는 희생되어지고 표본들은 조직학적으로 관찰되어졌다.
그 결과는 다음과 같다:

1)1주 후 제거 시,대조군에서는 골 형성은 보이지 않고 소성 섬유성 결합조직으로만
채워져 있으며,
1군에서는 얇은 골 형성과 표층에 결합조직의 침습을 볼수 있었다.2군,3군에서는
약간의 골 형성이 보이면서 섬유성 결합조직의 침습을 볼 수 있었다.
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2)2주 후 제거 시,대조군에서는 약간의 골형성 가교형태가 보이지는 거의 결합조직
으로 채워져 있음이 보였고,1군에서는 좀 더 증가된 골형성 두께를 보이고,2군과
3군에서는 1주 때보다 약간 증가된 골 형성모습을 볼 수 있었다.

3)4주 후 제거 시,대조군에서는 정상 골의 약 2/3정도의 골형성 두께를 보이나,여전
히 결합조직의 침습이 보였다.1군에서는 정상적인 골 양상과 두께를 보였고,2군과
3군에서는 거의 정상 골과 비슷한 골 두께를 보였다.

4)8주 후 제거 시,대조군에서는 4주 때보다는 증가되었으나 정상 골의 두께에 미치
지는 못하고,1군에서는 정상 골의 두께를 보이며,2군과 3군에서도 정상 골의 두께
를 보였다.

5)골유도재생술 시행 후,차폐막을 초기에 제거했을 때,비 흡수성막과 자가골을 사용
시 가장 양호한 골 형성을 보였고,그 다음이 이종골과 합성골이 비슷하게 양호한
결과를 나타냈고,아무 이식재도 사용하지 않은 것이 골 형성이 가장 적었다.

6)골유도 재생술 시행 시,이식재의 종류와 상관없이 차폐막은 최소한 4주간의 유지
기간이 필요하며,자가골보다 이종골,합성골 사용 시 더 많은 유지기간을 필요로
한다.
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