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Abstract

Bonegraftingiswidelyusedtobridgemajorbonedefectsortopromote

boneunion.Naturalcalcium carbonatehasbeenusedasabonesubstitute

materialandusedtoscaffoldforbonemorphogeneticprotein (BMP).The

aimsofthisstudyweretoevaluatethebiocompatibilityofcuttlebone(CB)

andhydroxyapatite(HA)from CB (CBHA),andtoevaluatethebonedefect

regenerationofCB,CBHA,andHA from coral(CHA).Eachmaterialwas

shaped into disks (5 ㎜ in diameterand 2 ㎜ in thickness).To test

biocompatibility,thediskswereimplantedintothedorsalsubcutaneoustissue

in mice. Fibrous capsule thickness around each disk was evaluated

histologicallyat2and4weeksafterimplantation.Intheevaluationofbone

defectregeneration,5㎜-diameterdefectswerecreatedin rabbitcalvaria.

Concerning biocompatibility, fibrous capsule thickness of CBHA was

significantlythinnerthanthatofCB andCHA (p<0.05)at2and4weeks
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afterimplantation.Concerning12-weektotalchangesofradiologicGray-level

histogram,CBHA was significantly higher than CHA (p<0.05).In the

evaluation of bone defect regeneration, bone formation of CHA was

significantly higherthan thatofCB and CBHA (p<0.05).Based on the

clinicalandhistologicalresults,CBHAwouldbeasafematerialforuseinside

thebodyandhasmoreeffectiveosteoconductionthanCB.Itissuggested

thatCBHAisavaluablebonegraftmaterial.

Keywords;BoneGraft,Calcium Carbonate,Cuttlebone,Hydroxyapatite,

Scaffold
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BMP Bonemorphogeneticprotein

CB Cuttlebone

CB1 Cuttleboneafterdefattingandfreeze-drying
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GENERALINTRODUCTION

A bonegraftmaybethecriticalfactorbetweensuccessfulboneunionand

catastrophicfailure(MillisandMartinez,2002).Bonegraftingiswidely-used

tobridgemajordefectsortoestablishthecontinuityofthelongbone,toaid

infusionofjoints,tofillcavitiesordefects,andtopromoteboneunionin

delayedunionandnonunionfractures(Finkemeier,2002;MillisandMartinez,

2002;Piermatteiand Flo,1997).Depending on thetypeofbonegraft,a

particulargraftmay provideasourceoflivebonecellsorosteoinductive

factors,givemechanicalstability,oractasascaffoldfornew bonegrowth

(MillisandMartinez,2002;PiermatteiandFlo,1997).

Bonegraftsorbonegraftsubstitutesarenamedaccordingtotheirorigin

and composition (Johnson and Hulse,2002;Millis and Martinez,2002).

Autograftboneistransplantedfrom onesitetoanotherinthesameanimal

(JohnsonandHulse,2002).Thecurrentgoldstandardforbonegraftsisthe

autogenous bone graft (Carson and Bostrom, 2007). Such grafts are

histocompatible with hostimmune systems and willnotinitiate rejection

responses(Millisand Martinez,2002;Stevenson,1987).Allograftboneis

transplantedfrom oneanimaltoanotherofthesamespecies(Johnsonand

Hulse,2002).Cellularantigensofthesegraftsmayberecognizedasforeign

bodybythehost'simmunesystems,resultingingraftrejection(Millisand

Martinez,2002;Stevenson,1987).Xenograftboneistransplantedfrom one

animaltoanotherofadifferentspecies(JohnsonandHulse,2002).Itpresents

similarproblem totheallograft(Kim,2008;MillisandMartinez,2002).

Bone graft substitutes contain many types of materials, including

biomaterials,ceramics,andcalcium ceramics.Biomaterialsconsistofmetals

(Kim,1998),polymers (Kim etal.,2008a),and ceramics:bioactive glass

(Froum etal.,1998;Macedoetal.,2004;Ryuetal.,2000).Calcium ceramics
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consistofcalcium sulfate(Walshetal.,2003),calcium phosphate(Leeetal.,

2007b;LeGeros,2002;TadicandEpple,2004),andcalcium carbonate(CC;

CaCO3)(Lee etal.,2008a;Vuola etal.,2000).In ceramic biomaterials,

bioabsorbable,andbioactivesubstancesareabletophysicallybonddirectlyto

thehostbed,whereasbioinertsubstancesneveractuallybondtothebone

(CarsonandBostrom,2007).

Thecompositionofbonegraftsmayincludecancellousbone,corticalbone,

corticocancellous bone, bone marrow, or bone and articular cartilage:

osteochondral(MillisandMartinez,2002).Cancellousbonegraftsconsistof

highlycellulartrabecularboneremovedfrom themedullarycavityoflong

bone metaphyseal regions (Millis and Martinez, 2002). Their primary

advantageistostimulateandproducenew bone(MillisandMartinez,2002).

Corticalbonegraftsconsistofthedenseoutercorticalbonethatprovides

structuralsupport(MillisandMartinez,2002).Corticocancellousgraftsarea

combinationofbothcorticalandcancellousbone(MillisandMartinez,2002).

Bone marrow is used to provide live undifferentiated mesenchymalcells

(MillisandMartinez,2002).A compositegraftisoneinwhichcancellous

boneorbonemarrow isaddedtoapreservedcorticalallograft(Millisand

Martinez,2002).Anosteochondralbonegraftconsistsofarticularcartilage

and associated subchondralbone;the intended use ofthis graftis to

resurfacejoints,butsuccessfullong-term applicationremainsaproblem and

itisnotcommonlyused(MillisandMartinez,2002).

Theidealscaffoldshouldprovideaninitialsupportforosteoprogenitorcells

todepositmineralizedbonematrix;itshouldbeslowlyresorbedatthesame

timethenewlyformedbonetissuegrowsinsidethescaffold(Mastrogiacomo

etal.,2005).A highporosityandahighdegreeofinterconnectionamongthe

poresareabsoluterequirementsforthevascularizationoftheimplantandfor

new boneformation(Mastrogiacomoetal.,2005).Inaddition,idealbonegraft

substitutesshouldprovidefourelements:anosteoconductivematrix,whichis
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anonviablescaffoldingconductivetoboneingrowth;osteoinductivefactors,

which are the chemicalagents thatinduce the various stages ofbone

regeneration and repair; osteogenic cells,which have the potential to

differentiate and facilitate the various stages ofbone regeneration;and

structuralintegrity(Gazdagetal.,1995;IlanandLadd,2003).

NaturalCC suchascoral(Guilleminetal.,1987;Vuolaetal.,1996,1998,

2000),eggshell(Dupoirieuxetal.,1995,1999,2001a;Durmuşetal.,2007;Lee

etal.,2008a)has been used as a bone substitute material.Through a

hydrothermalreaction,theCaCO3skeletonofCCischangedtohydroxyapatite

(HA:Ca10(P04)6(OH)2).HA hasbeenisolatedfrom coral(CHA)(Chouetal.,

2007;Holmesetal.,1984;LeGeros,2002;RoyandLinnehan,1974;Sivakumar

etal.,1996;Xuetal.,2001),eggshell(Parketal.,2008;Parketal.,2009),

andcuttlebone(CBHA)(Ivankovicetal.,2009,2010;Kim etal.,2008b;Wang

etal.,2001;Xingetal.,2007).ThebasicdifferencebetweenHA andCCis

thatCC isbiodegradableandHA isnotoronlyverylittle(Vuolaetal.,

1996).PorousHA isbiocompatibleandosteoinductive(Chiroffetal.,1975).

HA hasattractedagreatdealofinterestasabiomaterialforimplantsand

boneaugmentationsinceitschemicalcompositionisclosetothatofbone

(Kim etal.,2008b).Cuttlebone(CB),whichiscomposedofCChasaporous

structurewithallporeinterconnectedthroughouttheskeletonandCB.

ThepurposeofthisstudywastoevaluatethebiocompatibilityofCB in

mousemodelandtoevaluatethebonedefectregenerationofCBinarabbit

calvarialdefectmodel.
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CHAPTERⅠ

Evaluation of the Biocompatibility of Cuttlebone 

in Mouse
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Ⅰ-1.Introduction

Thedevelopmentofnew biomedicaldevices from variousmaterials has

received agreatdealofattention recently (Butleretal.,2001).When a

materialisintendedforsafeuseinsidethebody,itsinvivoperformanceand

biocompatibilitymustbescrupulouslyverified(Ryhänenetal.,1998).

Measuringthethicknessofanencapsulingmembranearoundtheimplantis

abasictoolforestimatingbiocompatibility(Ryhänenetal.,1998).Utilization

ofthethicknessofthescarcapsulearoundanimplantaloneisproblematic

because there are factors otherthan the materialitselfthatcan affect

capsular thickness (Ryhänen et al.,1998).The fibrous tissue includes

inflammatory components such as macrophages, fibroblasts, neutrophils,

collagen,and numerous blood vessels (Butleretal.,2001),and capsule

formation depends on various factors,including implantsize (Aalto and

Heppleston,1984),shape(Matlagaetal.,1976),surfacetexture(Behlingand

Spector,1986),surfacechemistry(Clarketal.,1976),poresize(Whiteetal.,

1981),andimplantationsite(Bakkeretal.,1988).Subcutaneousimplantation

ofbiomaterialsinducesacuteandchronicinflammatoryreactionsresultingin

fibroustissueformationaroundthedevice(Butleretal.,2001).Thickness

appearstodirectlycorrespondwiththeothercellularcomponentspresentin

the fibrous tissue matrix (Butler etal.,2001).The tissue and cellular

responsestoimplantsarescreenedonthebasisofmorphologicobservations

onroutinehistologicevaluation(Butleretal.,2001).

Commonly,biocompatibility ofbone graftsubstitutes and scaffolds are

investigatedby twotypesofinvivotests:subcutaneousimplantin mice

(Kim etal.,2004;Leeetal.,2006;Yeom etal.,2007)orrats(Butleretal.,

2001;Lehle etal.,2004;Lietal.,1999),and calvarialdefectmodels
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employingrabbits(Durmuşetal.,2007;Guetal.,2009;Kim etal.,2008a)or

rats(Boschetal.,1995;Dupoirieuxetal.,2001b;Leeetal.,2008a,2008b;

Parketal.,2008).Typically,beforetheimplant,biomaterialsarepreparedto

eliminatetheimmuneresponse.

The purpose of this study was to compare tissue responses after

implantationofCB inamousemodel.Furthermore,thethicknessoffibrous

capsulesurroundingspecimenswasmeasuredbyhistologicanalysis.
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Ⅰ-2.MaterialsandMethods

Ⅰ-2-1. Fabrication of implants

Threekindsofimplants(CB1,CB2andCBHA)werepreparedfrom the

same genus ofcuttle bone (Sepia esculenta).The CHA implants used

consisted ofHA from coral(BoneMedik
Ⓡ
,Metabiomed,Korea).TheCB1

implantswereprocessedin severalstepsthatincludeddefatting,freezing,

drying,andsterilization(Fig1,Choietal.,2003;ChoiandLee,1998).The

CB2 implants were processed by removing organic components,washing,

drying,andsterilizing(Fig2,Kim etal.,2008b).

CBHA implantswereprocessedinhydrothermalsynthesis:CB2wasputin

2M(NH4)2HPO4inaTeflon
®
linedhydrothermalbomb(HydrothermalReactor

System
Ⓡ
,HanwoulEngineering,Korea)andheatedfor16hat180℃.Then,

theblockwasimmersedin2M (NH4)2HPO4 andtreatedat200℃ for24h

hydrothermally.Afterthoroughlywashingwithdistilledwater,theblockwas

driedat90℃ (Kim etal.,2008b).AfterX-raydiffraction(XRD)examination

ofthe block,itwas used as CBHA.These implants were shaped into

cylindricaldisksabout5㎜ indiameterand2㎜ inthickness(Fig3)and

weresterilizedbyethyleneoxidegas.

Ⅰ-2-2. Experimental animals and surgical procedure

Twenty 9-week-old,22 ± 0.2 g maleBALB/c mice wereused in the

experiments.Theywerehousedunderastandardlight-darkschedule,were

fedastockdietandhadaccesstotapwateradlibitum.
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Fig 1. Preparation of CB1 for implantation. The CB1 implants were 

processed through defatting, freezing, drying, and sterilization.

Fig 2. Preparation of CB2 for implantation. The CB2 implants were 

processed through removing organic components, washing, drying, 

and sterilization.
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Fig 3. CB1, CB2, CBHA, and CHA implants were shaped cylindrical 

disks about 5 ㎜ in diameter and 2 ㎜ in thickness and were 

sterilized by ethylene oxide gas.

The experimentalprotocolwas approved by the AnimalCare and Use

Committee,JejuNationalUniversity(approvalnumber2010-0042).Themice

weredividedintofourexperimentalgroupsasshowninTable1.Aseptic

surgicaltechnique was applied during the surgicalprocedure.Mice were

anesthetizedbytheintramuscularinjectionofadoseoftiletamine/zolazepam

(Zoletil50
Ⓡ
,Virbac,France).Aftertheanesthesia,themiddleofthebackof

eachmousewasshaved.Theincisionsiteswerewashedwith70% ethanol

andscrubbedwith10% povidoneiodine,andaskinincisionwith1.5㎝ in

lengthwasmade.Sterilizedimplantswereinsertedsubcutaneouslythrough

the incision site (Fig 4) and the wound was closed with 4-0 nylon.

Immediately following implantation,themicewereinjected subcutaneously

with a dose of gentamicin sulfate (Gentamicin 5% Inj.
Ⓡ
, Daesung

MicrobiologicalLabs.,Korea)for3days.
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Mice Group
Application

Site Type of implants

n = 10

CB1 L. Dorsal back SQ Cuttlebone 1

CHA R. Dorsal back SQ HA from coral

n = 10

CB2 L. Dorsal back SQ Cuttlebone 2

CBHA R. Dorsal back SQ HA from cuttlebone

Table 1. Experimental design for the assessment of biocompatibility 

of the implants in mice

L.: Left, R.: Right, n: number of experimental animal, CB: 

Cuttlebone, HA: Hydroxyapatite, SQ: Subcutis

Fig 4. Schematic drawing for applied implants in subcutaneous 

tissue in mice (a). Photograph of applied implants (b). Sterilized 

implants were inserted subcutaneously through the incision site.



- 17 -

Ⅰ-2-3. Histologic investigations and analysis of fibrous capsular 

membrane thickness

Tenmicewereeuthanizedat2and4weeksaftersurgery.Implanteddisks

andthesurroundingtissuewereremovedasasinglemassandimmediately

immersedin 10% phosphate-buffered formalin for3days.Themasswas

decalcified for at least 7 days using 5% formic acid.Implants were

dehydrated in an ethanolseries,embedded in paraffin,and cutinto 6

mm-thicksections.Thesectionswerestainedwithhematoxylin andeosin

(H&E)stainandMasson'strichromestain.Thefibrouscapsularmembrane

thicknessaround theimplantswasdeterminedwith aCCD camera-based

digitalimage analysis system.The system consisted of a microscope

(OlympusBX41;Japan)andanOlympusDP20videocamera.Thefibrous

capsularmembranethicknesswasdeterminedateachpointofthehorizontal

andverticallines.Thefibrouscapsularmembranethicknesswasexpressedas

ameanvalueofeighthits.

Ⅰ-2-4. Statistical analysis

TheStatisticalPackagefortheSocialScienceversion17.0software(SPSS,

USA)was used fordata analysis.Mann-Whitney's u-testwas used to

evaluatedifferencesbetweeneachgroup.A pvalue≤ 0.05wasconsidered

statisticallysignificant.
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Ⅰ-3.Results

Ⅰ-3-1. Characterization CBHA

The typicalX-ray diffraction (XRD) patterns of product prepared by

hydrothermalreactionofCB2at200℃ for24hareshowninFig5.The

XRDpatternsoftheCBwereconfirmedasHA onthebasicofJCPDScard

#09-0432.They were completely transformed into HA by hydrothermal

reaction.

Fig 5. X-ray diffraction patterns of HA (JCPDS # 09-0432) (a) and 

products prepared by hydrothermal reaction of CB2 (b). Arrows 

indicate the picks of HA. 



- 19 -

Ⅰ-3-2. Analysis of fibrous capsular membrane thickness

Theanalyticalresultsoffibrouscapsularmembranethicknessareshownin

Fig6.At2weeks,thethicknessoffibrouscapsuleingroupCBHA was

significantlylowerthanthatofothergroups.GroupsCB1,CB2,andCHA

displayednosignificantdifferences.At4weeks,thethicknessofthefibrous

capsuleingroupCB1wassignificantlyhigherthanthatofothergroups.In

groupCBHA,thethicknessofthefibrouscapsulewassignificantlylower

thanthatofothergroups.Therewasnosignificantdifferencebetweengroup

CB2andCHA.Inallgroups,thethicknessoffibrouscapsulesat4weeks

wasthinnerthanat2weeks.

Ⅰ-3-3. Histologic evaluation

At2 weeksafterimplantation,allgraftmaterialsin thesubcutiswere

surroundedbymildtomoderatedensefibrousstromacomposedofabundant

collagenousfiberthanstainedblueuponMasson'strichromestaining(Fig7).

Variablenumbersofinflammatorycellssuchasneutrophils,macrophages,and

foreignbodygiantcellshadinfiltratedaroundthegraftmaterials.Someblood

vessels in the subcutis showed marked congestion.At 4 weeks after

implantation,fibrousstromalreactionandinflammatoryreactionaroundgraft

materialshadgraduallydecreasedcomparedtothemiceobserved2weeks

(Fig8).Occasionally,new formedcapillarieswereobservedintheproliferated

fibrousstroma.
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Fig 6. Thickness of fibrous capsule surrounding CB1, CB2, CBHA, 

and CHA implants measured at 2 and 4 weeks after implantation in 

mice. Values are expressed as mean ± SE.

l Significantly lower than other groups at 2 and 4 weeks after 

implantation (p<0.05).

■ Significantly higher than other groups at 4 weeks after 

implantation (p<0.05).
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Fig 7. Granulation tissue formation (arrowheads) around graft 

materials (G) in group CB2 (a) and CBHA (b) at 2 weeks after 

implantation. Group CB2 showed more thick fibrous tissues and 

inflammatory reactions than group CBHA. The sections were 

stained using Masson’s trichrome.

Fig 8. Granulation tissue formation (arrowheads) around graft 

materials (G) in group CB2 (a) and CBHA (b) at 4 weeks after 

implantation. Group CB2 still showed thicker fibrous tissues than 

group CBHA. The sections were stained using Masson’s trichrome. 
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Ⅰ-4.Discussion

TransformationofCB intoCBHA throughahydrothermalreactionprocess

has been widely-reported,and CBHA has been confirmed by X-ray

diffractometry analysis (Ivankovic etal.,2009,2010;Kim etal.,2008b;

Sivakumaretal.,1996;Wangetal.,2001;Xingetal.,2007).Ivankovicetal.

(2010)reportedthatCBwascompletelytransformedintoCBHA after48hat

200℃.Inthepresentstudy,CB wascompletelytransformedintothesame

CBHA,althoughtheconditionsoftimeandtemperatureweredifferent.Itis

suggestedthatthesameresultcanbeobtainedoverthecriticaltimeand

temperature.

Tissuereactionsthatareimportantfrom thestandpointofbiocompatibility

mainly relatetoan inflammatory reaction (Ryhänen etal.,1998).In this

study,inflammatorycellswereobservedduringa4-weekperiod.Salthouse

(1984)reportedtheresponseofmacrophagestoimplants;within24hours,

macrophageswerefoundin closecontactwith theimplantsurface.Then,

fibroblastsand connectivetissueproliferatedand,finally,theimplantwas

encapsulated.Butleretal.(2001)reportedthatthethicknessoffibroustissue

waswidelyvariableandthefibroustissuesurroundingsubcutaneousimplants

wasthinnerthanthatsurroundingintraperitonealceramic.Inthisexperiment,

implantationwasinsertedsubcutaneously.Previoustestsofbiocompatibility

established that more biocompatible implants had thinner surrounding

connectivetissue(Dupoirieuxetal.,2001a;Hwangetal.,1999;Jacobetal.,

1998;Lim etal.,2007).Kim etal.(2004)reportedthesameresultfrom

mouseabdominalconnectivetissue.Presently,significantlythinnerconnective
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tissuewasobservedintheCBHA group(p<0.05).CBHA wasconfirmedto

have higher biocompatibility than CB1,CB2,and CHA.According to

Jacob-LaBarreetal.(1994)and Dupoirieux etal.(2001a),rough-textured

surfaces generate thickercapsules,and smooth surfaces usually generate

thinner capsules.Superiortissue compatibility should be associated with

smooth,well-contouredimplantswithnoacuteangles(Salthouse,1984).The

long-term biologicalresponseclearlyimplicatesmacrophagesasthedominant

celltypeatimplantsurfacesandthatimplantstabilitydependslargelyonthe

dynamic behavior of macrophages (Jacob-LaBarre et al., 1994).These

observationssuggestthattheCHA surfaceisrougherthanthatofCBHA.

Thiswasgrossly evidentin thepresentstudy.Furthermore,group CB2

displayedthinnerconnectivetissuethanthatofgroupCB12and4weeks

later.TheseresultsindicatethatCB2preparationismoreefficientthanthat

ofCB1,albeitno significantdifference between them.The thickness of

connectivetissuestended tobethinnerin allgroupsat4weeks.Many

researchers have been trying to find out the idealconditions in the

preparation ofallograftor xenograftmaterials.The mostgenerally-used

methods are demineralization (Bigham etal.,2008;Begley etal.,1995;

DahnersandJacobs,1985;Jungetal.,2006;TuliandSingh,1978;Um and

Him,1993),freezing(Leeetal.,2007a),freeze-drying(Choung,1996;Leeet

al.,2007a),defat-freezing (Lee etal.,2007a;Song and Lee,2007),and

freeze-dryingafterdefatting(ChoiandLee,1998;Choung,1996;Leeetal.,

2007a;SongandLee,2007).Freezingafterdefattingconfersahigherbone

neogenesis effectthan freeze-drying afterdefatting (Choiand Lee,1998;

Choung,1996;Leeetal.,2007a;SongandLee,2007).Specimensprocessed

with freezing afterdefatting,however,are more limited with respectto

transportandstoragethanfreeze-dryingafterdefatting(Leeetal.,2007a).
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Also,asdescribedabove,thepreparationmethodsassociatedwithallograft

andxenograftuniquelyinvolvematerialsthatcontainBMP.Boneallograftor

xenograftmaterialscontainingBMParereportedasbeingstablewhenthey

areprocessedwithfreeze-dryingafterdefatting(ChoiandLee,1998).But,

CB isanaturalCC ceramicthatisdifferentfrom theimplantmaterials

appliedintheaforementionedpreparationmethods.CB1wasprocessedwith

freeze-drying afterdefatting (Fig 1)andCB2wasprocessedasdescribed

previously(Kim etal.,2008b)(Fig2).

AccordingtotheresultsofLietal.(1999),theratioofcellcomponentsof

fibrouscapsuleschangeswiththetimeafterimplantation.Intheirstudy,the

population offibroblasts in fibrous capsules decreased gradually and the

populationoffibrocytesincreasedgraduallyafterimplantation(Lietal.,1999).

Presently,the population changes offibroblasts and fibrocytes showed a

similartrendat4weeksafterimplantation.

Presently, CBHA was the most biocompatible materials among the

experimentalimplants.However,furtherexperimentsarenecessarytofindout

moredetailsaboutthesuitablepreparationofCB.
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CHAPTERⅡ

Evaluation of the Bone Defect Regeneration

after Implantation with Cuttlebone in Rabbit
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Ⅱ-1.Introduction

Boneregenerationinitiatedbyautogenouscancellousboneoccursbythree

majorsteps.First,the undifferentiated osteoprogenitorcells are recruited.

Then,byosteoinduction,thesecellsdifferentiatetogiverisetoosteoblasts

andchondrocytes.Finally,asuitablescaffoldonwhichactiveosteoprogenitor

cellscanproducenew boneisestablished(Gazdagetal.,1995).However,HA

and calcium ceramicarenotintrinsically osteoinductive(RoseandOreffo,

2002).Osteoinductionismediatedbynumerousgrowthfactorsprovidedby

the bone matrix itself.BMP is the typicalosteoinductive material.Low

molecular weight proteins that initiate endochondral bone formation,

presumably by stimulating localprogenitorcellsofosteoblastlineageand

enhancingbonecollagensynthesis(Gazdagetal.,1995).

Senn(1889)notedthatdecalcifiedbonecaninducehealingofbonedefects.

Urist(1965)describedectopicboneinductioninintramuscularimplantationof

decalcifiedbone.Isolationofthebone-inducingsubstancerevealedaprotein

thatwasnamedBMP(UristandStrates,1971).

BMPsaremembersoftheTGF-β superfamily,alargefamilyofsecreted

factors.TheprincipalactivityofBMP isthewholeprocessofembryonic

endochondralossification,butitisectopicboneinductionduringpostfetallife

(Urist,1965).RecombinanthumanBMP-2(rhBMP-2)wasthefirstmolecule

studiedindetail,beingproducedusingChinesehamsterovarycells(Wanget

al.,1990);theauthorssuggestedthatthisfactorwouldbeusefulinhealing

bonydefects(Wang,1993;Wozney,1998).Moreover,rhBMP-2increasedbone

density,boneformation,andcallusvolume(Bax etal.,1999;Cheeetal.,

2004;Sykarasetal.,2004;Sykarasetal.,2001;Welchetal.,1998,Yaskoet

al.,1992).IthasbeenreportedthatrhBMP-2inthebloodstream israpidly
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diffused (Uludag et al.,2001),and that the osteoinductive potency of

rhBMP-2issignificantlyincreasedwhenitisimplantedwithabiomaterial

scaffold(Uludagetal.,1999;Yokotaetal.,2001).Althoughmanypotential

scaffoldsforBMPhavebeenevaluated,suitablescaffoldsforBMPhavenot

yetbeenrealized(RoseandOreffo,2002;Saitoetal.,2001).

Weibrichetal.(1998,2000)comparedthesurfaceareaof12otherimplants

andsuggestedthatthesurfaceareaofdemineralizedbovinebonewas79.7

m
2
/g.This was five times higherthan the surface area ofotherbone

regenerationmaterials(Weibrichetal.,2000).But,thesurfaceareaofCB

(386m
2
/g)wasfourtimeshigherthanthatofdemineralizedbovinebone.

BufferingcapacityofCBshowedthesamepatternasthatofCC(Kim etal.,

2000).CBiscomposedof53.25% Ca,26.78% O,14.90% Na,4.37% Cl,0.50%

Sr,0.06% P,0.06% S,and0.05% Si(Kim etal.,2000).Mostofcalcium in

CBwaspresentinaform ofCC.Highlyinterconnectiveporositiesserveas

channelsforinternalgrowthofbloodvesselsandincreasebone(Weibrichet

al., 2000) and bone containing macro- and micro-pores, which are

interconnectedtoallow necessarybodynutrientsandfluidstobetransported,

makingboneanextremelycomplexstructure(Ben-Nissan,2003).Scanning

electronmicroscopyhasrevealedthemultiplayerstructureofCB(Birchalland

Thomas,1983;Floreketal.,2009;Kim etal.,2000;Sherrard,2000;Tiseanu

etal,2005).Theminimum porediameterrequiredforboneingrowth and

angiogenesisintoascaffoldisgenerallyconsideredtobe100㎛ (Luetal.,

1999;Nadeetal.,1983;Okiietal.,2001).Theporousstructurediameterof

CBisusuallybetween200and600㎛ (BirchallandThomas,1983),whichis

similartocancellousbone(Guetal.,2009).Theoptimalosteoconductivepore

sizeforceramicsappearstobebetween150and500㎛ (Flatleyetal.,1983).

Kim etal.(2008b),Lin(1993),andOkumuşandYildirim (2005)reportedthat

CB representanew xenograftmaterialincancellousbone.Untilnow,there

havebeennoreportsonthepotencyofCBasaxenograftbonesubstitutein
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compactbonestudies.

Thepurposeofthisstudywastocomparebonedefectregenerationafter

implantation of CB in a rabbit calvarial defects model. Bone defect

regeneration wasmeasuredby radiologic,histologic,andhistomorphometric

methods.
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Ⅱ-2.MaterialsandMethods

Ⅱ-2-1. Fabrication of implants

TheCB1,CB2,CBHA,andCHA implantswereprocessedasdescribedin

Chapter Ⅰ.CB1bmp implant was CB1 with rhBMP-2.The rhBMP-2

(rhBMP2
Ⓡ
,KoreaBoneBank,Korea)wasproducedbyaChinesehamster

ovarian cell expression system to yield a glycosylated 26 kilodalton

homodimer.rhBMP-2(100㎍/㎝
3
)(Itohetal.,1998)wasinstilledintoCB1

withuseofasyringe(fineneedleinfiltration)atthetimeoftheoperation.

Ⅱ-2-2. Experimental animals and surgical procedure

Twentyseven9-month-old,3.2±0.5㎏ maleNew Zealandwhiterabbits

werekeptunderastandardlight-darkscheduleandwerefedastockdiet

and had accessto tap waterad libitum.Theexperimentalprotocolwas

approvedbytheAnimalCareandUseCommittee,JejuNationalUniversity

(approvalnumber2010-0042).Therabbitsweredividedintosixgroupsas

showninTable2.Asepticsurgicaltechniquewasappliedduringthesurgical

procedure.Theywereanesthetizedwithanintramuscularinjectionofadose

oftiletamine/zolazepam (Zoletil50
Ⓡ
,Virbac,France).Afterthe anesthesia,

incisionsiteswereshaved.Theincisionsiteswerethenwashedwith70%

ethanolandscrubbedwith10% povidoneiodine.Incisionsiteswereexposed

withasagittalincisionthroughtheskinandtheperiosteum atthemidlineof

thecalvaria.Withtheuseofamedicaltrephineburr(TPHB-B5
Ⓡ
,Osung

Mnd,Korea),fourstandardizedfull-thickness5㎜-diameterosseousdefects

werecreatedinthecalvarium ofeachrabbitundersalineirrigation(Figs9-a,

10-a).IngroupCB1,CB1bmp,andCHA,theleftrostraldefectwasfilled

withCB1disk,theleftcaudaldefectwasfilledwithCB1bmpdisk,theright
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Rabbits Group

Application

Site Types of implants

n = 18

Blank R. Ros. Calvaria Blank

CHA R. Cau. Calvaria CHA

CB1 L. Ros. Calvaria CB1

CB1bmp L. Cau. Calvaria CB1 + rhBMP-2

n = 9

CB2
R. Ros. Calvaria Cuttlebone 2

L. Ros. Calvaria Cuttlebone 2

CBHA
R. Cau. Calvaria HA from cuttlebone

L. Cau. Calvaria HA from cuttlebone

caudaldefectwasfilledwithCHA disk,andtherightrostraldefectwaskept

andusedasanegativecontrol(Fig9-b).

IngroupsCB2andCBHA,bothsidesoftherostralandcaudaldefectswere

filledwithCB2andCBHA disks(Fig10-b).Theskinwasclosedwith3-0

nylon. Immediately following implantation, the rabbits were injected

subcutaneouslywithadoseofpenicillinGprocaine(CombimycinInj.
Ⓡ
,Green

CrossVeterinaryProducts,Korea)for3days.

Table 2. Experimental design for the bone defect regeneration in 

rabbits

L: Left, R: Right, Ros: Rostral, Cau: Caudal, n: number of 

experimental animal, CB: Cuttlebone, CHA: Hydroxyapatite from 

coral, rhBMP-2: Recombinant human bone morphogenetic protein-2
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Fig 9. Photographs of rabbit calvarial defect (∅5 ㎜) formation (a) 

and calvarial defects filled with CB1, CB1bmp, and CHA (b).

Fig 10. Photographs of rabbit calvarial defect formation (a) and 

calvarial defects filled with CB2 and CBHA (b).
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Ⅱ-2-3. Radigraphic interpretation and radiologic Gray-level 

histogram (brightness) evaluation

Ninerabbitswereeuthanizedat4,8,and12weekspostoperatively.The

implants and the surrounding calvarialbone were removed.The defect

regionswassubmittedtocontactradiographyinadorso-ventralplanewitha

Kodak DirectView CR975 X-ray System (Eastman Kodak,USA)atan

exposure of 42 kVp and 6.4 mAs.Bone formation was evaluated by

Gray-levelhistogram in radiograph processing (Fig 11) using Adobe
Ⓡ

Photoshop
Ⓡ
7.0(AdobeSystems,USA).Thehistogram ofeachimplantwas

measuredbeforeimplantationtocalibratetheradiologicGray-levelhistogram.

Then,thehistogram oftheimplantsweremeasuredat4,8,and12weeks

afterimplantation,andthechangesofthehistogram wererecordedonthe

basisofacalibratedhistogram.

Ⅱ-2-4. Histologic investigations and histomorphometric analysis

Removedcalvarialbonewasimmersedin10% phosphate-bufferedformalin

for 3 days and decalcified for 7 days using 5% formic acid.Itwas

dehydrated in an ethanolseries,embedded in paraffin,and cutinto 6

mm-thicksections.ThesectionswerestainedwithH&E stain.Thedefect

closurewasdetermined with aCCD camera-based digitalimageanalysis

system (Fig12).Therateofbonedefectregenerationwasdeterminedbya

histomorphometricmethod:rateofbonedefectregeneration(%)=[(original

defectwidth,㎜)-(remaineddefectwidth,㎜)]/(originaldefectwidth,㎜)×

100(Jungetal.,2007;Leeetal.,2008b;Sohnetal.,2010).
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Fig 11. Histogram processing of radiograph by Photoshop program.  

Radiologic Gray-level histogram was measured to evaluate of bone 

defect regeneration of each implant 4, 8, and 12 weeks after 

implantation.
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Fig 12. Measurement of bone defect regeneration in rabbit calvaria 

by histomorphometric parameters. The measurement was performed 

4, 8, and 12 weeks after implantation.

Ⅱ-2-5. Statistical analysis

TheStatisticalPackagefortheSocialScience,version17.0software(SPSS,

USA)was used fordata analysis.Mann-Whitney's u-testwas used to

evaluatedifferencesbetweeneachgroup.A pvalue≤ 0.05wasconsidered

statisticallysignificant.



- 35 -

Ⅱ-3.Results

Ⅱ-3-1. Radiologic evaluation

At4weeks,ingroupCB1andCB1bmp,theradiopaqueimplantsiteswere

observed.IngroupCHA,theimplantsitewasmoreradiopaquethanthesites

in groupCB1andCB1bmp.In groupCB2,partialboneregeneration was

observedandtheradiopaqueimplantsitewasdelineatedfrom thesurrounding

bonebyaradiolucentborder.IngroupCBHA,boneregenerationprocessing

towardsthecentreofthedefectwasobservedandradiopaqueimplantsite

wasdelineatedfrom thesurroundingbonebyaradiolucentborder.

At8weeks,theradiopaqueimplantsitein groupCB1revealedamore

enlargedcirclethangroupCB1bmpandCHA.IngroupCB1bmp,aradiopaque

implantsitewasobservedandtheradiopaqueimplantsitewasdelineated

from thesurroundingbonebyaradiolucentborder.IngroupCHA,themore

radiopaqueimplantsitewasobservedthangroupCB1andCB1bmp.Ingroup

CB2,partialboneregenerationwasobservedandthemoreenlargedcircle

was observed than group CBHA.In group CBHA,bone regeneration

processingtowardsthecentreofthedefectwasobservedandtheradiopaque

implant site was delineated partially from the surrounding bone by a

radiolucentborder.

At12weeks,ingroupCB1andCB1bmp,partiallyradiopaqueimplantsites

wereobserved.IngroupCHA,amoreradiopaqueimplantsitewasobserved

thaningroupsCB1andCB1bmp.IngroupCB2,aradiopaqueimplantsite

wasobservedandthecirclewasmoreenlargedthaningroupCBHA.In

groupCBHA,boneregenerationprocessingtowardsthecentreofthedefects

wasobserved.At12weeks,boneregenerationstrikinglyadvancedingroup

CBHAcomparingwiththegroupCB1,CB2,andCB1bmp.
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Ⅱ-3-2. Total changes of radiologic Gray-level histogram (brightness) 

during 12 weeks after implantation

IngroupCBHA,totalchangesoftheradiologicGray-levelhistogram was

significantly higherthan thatofthe group CHA during 12 weeks after

implantation(p<0.05),buttherewasnosignificantdifferencecomparedwith

thatofthegroupCB1,CB2,andCB1bmp(Fig 13).IngroupCHA,total

changesofradiologicGray-levelhistogram during12weeksafterimplantation

wassignificantlylowerthanthatoftheothergroups(p<0.05)(Fig13).In

group CB1,CB2,CB1bmp,and CBHA,totalchanges ofthe radiologic

Gray-levelhistogramsweresimilarlychangedduringthe12weeks,butthere

wasnosignificantdifferencecomparedwiththatoftheothergroups(Fig

13).At12weeks,groupCHA wassignificantlylowerthanthatoftheother

group (p<0.05)(Fig 13).Thisevaluation wascalibrated asthenumerical

value.

Ⅱ-3-3. Histomorphometric analysis for bone defect regeneration

TherateofbonedefectregenerationoftheimplantedsiteingroupCHA

wassignificantlyhigherthanthatofothergroupsat4and8weeksafter

implantation (p<0.05) (Fig 14).At12 weeks,the rate ofbone defect

regenerationingroupCHA wassignificantlyhigherthanthatofgroupCB1,

CB2,and CB1bmp (p<0.05).But,there were no significant differences

betweengroupCHA andCBHA (Fig14).
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Fig 13. Total 12-week changes of radiologic Gray-level histogram 

in each specimen. The change of Gray-level histogram in group 

CBHA was the highest after implantation, but there were no 

significant differences between group CB1 and CB1bmp. Values 

expressed as mean ± SE.

● Significantly lower than other groups after implantation (p<0.05).
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Fig 14. The rate of bone defect regeneration group CB1, CB2, 

CB1bmp, CBHA, and CHA specimens. Values are expressed as 

mean ± SE.

● Significantly higher than other groups at 4, 8, and 12 weeks 

after implantation (p<0.05).

■ Significantly higher than group CBHA at 8 weeks after 

implantation (p<0.05).
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Ⅱ-3-4. Histologic evaluation

At4weeksafterimplantation,allgraftmaterialsinthecalvarialdefectarea

weresurroundedbymoderatetoseveredensefibrouscollagenousfibers(Fig

15).Multifocaltodiffuseinflammationcomposedofneutrophils,macrophages,

andforeignbodygiantcellswerescatteredintheadjacentareaoffibrous

tissues.IntheCHA group,proliferatedcollagenousfiberswereinvaginated

intothegraftmaterials.

At8weeksafterimplantation,overallfibrousstromalreactionineachgroup

wasgraduallyincreased,ascomparedto4weeks.However,theinflammatory

reactionwasdramaticallydecreased.Comparedwithothergroups,mostgraft

materialswerereplacedbyinwardgrowingnew boneingroupCHA.

At12weeksafterimplantation,variableextentsofbonegrowthintodefect

areaswereobservedinallexperimentalgroups(Fig16).New boneformation

extendedintograftmaterialsingroupCBHA andCHA (Fig17).However,

fibrousstromaland inflammatory reactionsstillremained in groupsCB1,

CB1bmp,CB2,butlittleremainedingroupsCBHA andCHA.IngroupCHA,

anobviouscontinuityofcorticalbonefrom thecalvariawasobservedinboth

sidesofthebonedefect.A markedincreasednumberofosteoblastswere

presentatthesurfaceofbonnyspicules.Multifocalbonemarrow formation

alsoexistedincorticalbone(Figs16,17).
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Fig 15. Histologic sections of group CB1 (a), CB1bmp (b), CB2 (c), 

CBHA (d), and CHA (e) at 4 weeks after implantation (black 

arrows: defect margins). Group CB1 and CB1bmp were 

encapsulated by fibrous connective tissue (a, b: red arrows). Bone 

defect regeneration was observed at defect margins in group CBHA 

and CHA (d, e: blue arrows). The sections were stained using 

H&E.
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Fig 16. Histologic sections of group CB1 (a), CB1bmp (b), CB2 (c), 

CBHA (d), and CHA (e) at 12 weeks after implantation (black 

arrows: defect margins). CB1 and CB1bmp implants were still 

encapsulated by thick fibrous connective tissue (a, b: red arrows). 

New bone formation was observed in group CBHA (d: blue arrow). 

The sections were stained using H&E.
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Fig 17. Histologic features of new bone formation in group CB1 

(a), CB1bmp (b), CB2 (c), and CBHA (d) at 12 weeks after 

implantation. New bone formation (asterisks) was observed around 

the graft material (G) in group CB1 or CB1bmp and inside of graft 

material in group CBHA. The sections were stained using H&E. 
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Ⅱ-4.Discussion

Sohnetal.(2010)reportedthatthecriticalsizedefectwasnotsuggestedin

arabbitcalvarialmodel.Huhetal.(2005)suggestedthatthecriticalsize

defectdependsonthepresenceoftheperiosteum.A defectwithadiameter

of5㎜ isacommonlyusedsizearatmodels(Leeetal.,2008a;Dupoirieux

etal.,1995).Presently,consideringtheconvenienceofoperation,defectswith

adiameterof5㎜ werecreatedinthecalvariaofrabbitsandtheperiosteum

surroundingtheimplantwaswidely-removed.

Interconnecting pores are the pathway for new vessels,which is an

advantagefornew boneformation(Okiietal.,2001).Bloodsupplytothe

cancellousboneismuchbetterthantothecompactbone.Forthisreason,

bone regeneration in cancellous bone is faster than in compact bone.

Nevertheless,thisstudy wasperformedtothecompactbone,in orderto

directlyobservethebonedefectregenerationwithoutcartilageformation.

Itoh etal.(1998)reportedthatthelowestdoseofrhBMP-2neededfor

defecthealingwasbetween40and160㎍/㎝
3
andsuggesteda100㎍/㎝

3

dose,basedonresultsincanineulnardefectmodel.Inthisstudy,thedoseof

rhBMP-2was100㎍/㎝
3
(Itohetal.,1998).From theresults,wedecided

thatthedoseofrhBMP-2inCBwassuitableornot,becausethisstudywas

notfocusedonthedeterminationofdoseofrhBMP-2.Butthedoseof100㎍

/㎝
3
waseffectiveinbonedefectregeneration.

Inbonedefectregeneration,radiologicanalysisiscommonlyusedtocompare

thefeasibilityofbonegraftuseindifferentstudies(Dupoirieuxetal.,1995;

Durmuşetal.,2007;Itohetal.,1998;Karaismailoluetal.,2002).Ingroup
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CHA,amoreradiopaqueimplantsitewasobserved than apparentin the

surroundingboneandtheothergroupsat12weeksafterimplantation.Bone

regeneration wasdetermined by changesofradiodensity.Forthisreason,

boneregenerationprocessingofCHA implantcouldnotbeobservedduring

12weeksafterimplantation.But,8and 12weeksafterimplantation,an

ill-definedchangewasapparentbetweenboneandimplant,indicating that

boneremodelingoccurredintheCHA group.Thisfindingissameresultwith

otherstudies(Dupoirieuxetal.,1999;Durmuşetal,.2007).IngroupCB1,the

sizeofdefectwasenlargedat8weeksafterimplantation.

Thisosteolysisisthoughtto beimmuneresponses.In this study,this

foreignbodyreactioncanbefoundinthebiocompatibilitytestofCB1.A

similarobservationwasreportedbyDurmuşetal.(2007).Inthelatterstudy,

anexcessiveforeignbodyreactioncharacteristicofencapsulationwasevident.

Karaismailolu etal.(2002),suggested thatxenografts stillhave some

disadvantagesintermsofgraftincorporation,resorption,mechanicalstrength,

and other problems linked to immunologic rejection and microbiologic

contamination.Presently,groupsCB1andCB1bmpwereencapsulatedwitha

dense fibrous tissue with inflammatory cells such as neutrophils,

macrophages,and foreign body giantcells at4,8,and 12 weeks after

implantation.Forthisinflammatoryreaction,freeze-dryingafterdefattingwas

notsuitableforCB.

IngroupCBHA,themostvisibleboneregenerationprocessingtowardsthe

centreofthedefectwasobserved.ThebiocompatibilityofCBHA echoesthe

findingsofanotherstudy(Chiroffetal.,1975).

InthestudyofZegzulaetal.(1997),Gray-leveldensitywasmeasuredon

thebasisofthestandardradiographs,andthepercentageofradiopacitywas

determinedwithacomputeralgorithm thatdividestheradiopaqueareaofthe
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defectby thetotalareaofthemeasuring frame.Presently,theradiologic

Gray-levelhistogram wasmeasuredforobjectiveassessmentoftheradiologic

findingsusingssimilarprinciple.TheGray-levelhistogram changeingroup

CBHA during12weekswasthehighest,indicatingthatboneregenerationin

thisgroupismostactive,corroborating theresultsofradiologicanalysis.

However,therewasnosignificantdifferencein theGray-levelhistogram

changesbetweengroupsCB1andCB1bmpduring12weeks.Evaluationof

bonedefectregenerationwasmeasuredobjectivelybyGray-levelhistogram.

Theresultsupportedthatofapreviousstudy(Zegzula,1997).

Toconfirm theboneregenerationcapacity,thedefectclosureofeachgroup

wasmeasured4,8,and12weeksafterimplantation.Themeasurementof

defectclosurehasbeenusedbefore(Jungetal.,2007;Leeetal.,2008b).

AccordingtotheresultsofKim etal.(2008a),theamountofnewly-matured

boneintheimplantedmaterialwithrhBMP-2wasmorethanthatevident

withoutrhBMP-2.In this study,after8 weeks,group CB1bmp showed

significantlyhigherresultthangroupCBHA (p<0.05).Itisconsideredthat

therhBMP-2playedacriticalroleinboneregeneration,butCB1didnot

participate as the scaffold of rhBMP-2,considering the thickness of

connectivetissue.ItisconsideredthatrhBMP-2containedinCB1wasfreed

tothesurroundingbonetissuewhereitpromotedtheboneregeneration,but

rhBMP-2didnotspreadtotheotherimplantsites.Regardingoverallchanges

ofdefectclosure,theboneregenerationcapacityofCHA wasthehighest,

followedbyCBHA.Becausethismeasurementofbonedefectregenerationis

invasive,theradiologicGray-levelhistogram willbeavaluablemethodin

clinicaluse.AdvantagesofCB and CBHA includetheirread availability,

inexpensivecost,unlimitedquantityandsoft-texturedsurface.However,they

sufferfrom weakstrength.Conversely,CB andCBHA areeasytoprocess
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andaresuitableforusein irregularbonedefectslikesealing bonewax.

ConsideringthebiocompatibilityofCBHA,thepossibilitythatBMPactsasa

scaffoldisexpected.Furthermore,CBHA willbeabletobeusedbycarrier

orscaffoldinstem cells.ItwasinconvenientnottohaveastudyofCB2+

rhBMP-2.

Idealbonesubstitutesshouldberesorbedwithtimeandreplacedbynewly

formedbone(Parketal.,2008).Inthisstudy,newlyformedbonesandbone

resorptionwereobservedinsideofgraftmaterialingroupCBHA 12weeks

afterimplantation.But,therewasnonew boneformationingroupsCB1,

CB1bmp,andCB2.ItisconsideredthattheCBHA isamorebiocompatible

materialincompactbonedefectregenerationthanCB1,CB1bmp,andCB2.

However,furtherexperimentsarenecessarytofindoutinmoredetailabout

thesuitableabsorptivityofCBHA.

To apply the mosteffective scaffold ofbone graftsubstitute,various

preparationsofCB anddifferenttypes(suchaspowder,paste,granule)of

CBHAimplantationshouldbestudied.
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CONCLUSIONS

Thisstudy wasconductedtoevaluatethebiocompatibility ofCB1,CB2,

CBHA,andCHA usingamousesubcutaneousimplantmodelandbonedefect

regenerationwithCB1,CB2,CB1bmp,CBHA,andCHA inarabbitcalvarial

defectsmodel.TheefficiencywascomparedwithothercommonlyusedCHA.

ThefindingsofthisstudyindicatethatCBHA isasafermaterialforuse

insidethebodythanCHA.CBHA hasamoreeffectiveosteoconductionthan

CB1,CB1bmp,andCB2.CBHA isavaluablebonegraftmaterialincompact

bonedefectmodels.
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록

골 체재로써의 오 골에 한 평가

(지도교수:정 종 태)

원 상 철

제주 학교 학원

수의학과

골 체재는 지연유합이나 유합부 그리고 골 술과 고정술 시 골편의 연

속성 확립이 필요한 경우 골 의 주요 결손부 를 채우는데 주로 활용되고 있다.

자가골을 체할 수 있는 천연 골이식재의 표 인 것이 calcium carbonate

(CC)로 구성된 coral이며,갑오징어의 오 골(Cuttlebone,CB) 한 coral과 같은

천연 CC로 이루어져 있다.지 까지 오 골은 몇몇 연구자들에 의해 이종골이식

재로써의 가능성이 제시되어왔으나, 부분의 연구가 해면질골에서의 실험이었으

며,체계 인 생체 합성 검사 편평골에서의 골형성에 한 보고는 없었다.

본 연구에서는 오 골의 다양한 처리 후 직경 5㎜ 두께 2㎜의 형태로 가공하

여 생체 합성 검사와 rhBMP-2의 담체로써 골 도력과 골유도력을 평가하고자

하 다.

결합조직의 두께는 2,4주차 모두 CBHA군에서 가장 유의성 있게 얇았다

(p<0.05).RadiologicGray-levelhistogram의 측정에서는 4주차에서 CBHA군이

CHA군보다 유의성 있게 높게 나타났으며 (p<0.05),12주차에서는 CHA군의 변

화율이 가장 었다. 체 12주 동안의 변화율에서는 CBHA가 가장 많은 변화를
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보 다.폐쇄율에 있어서는 4,8,12주차 모두 CHA군이 다른 군에 비해 유의성

있게 높게 나타났으며 (p<0.05),8주차에서는 CB1bmp군이 CBHA군보다 유의성

있게 높게 나타났다 (p<0.05).

이상의 결과들은 CBHA가 생체 내에 용하는 골 체재로서 생체 합성이 매

우 높은 것으로 나타났으며,CB1,CB1bmp,CB2보다 골유도능력에서도 그 효과

가 우수한 것으로 나타났다.따라서 CBHA는 편평골에 있어 생체 합성이 뛰어

난 골 체재로 그 가치가 있는 것으로 생각되며,수의 임상에 있어서 활용성이

매우 높을 것으로 사료된다.

심어;골 체제,담체,수산화인회석,오 골,탄산칼슘
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