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CAD／CAM based on CTsimulation
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Abstract

Adentalimplantcasewithbonedefectisshown．Thepatienthadabonedefectinbuccalsideof＃5and＃6

region．anaestheticarea．ThebonedefectvolumewasdeterminedbyCTsimulationdata．AHAbonegI・art

wasfabricated血omHAsinteredblockusingCAD／CAMtechnology．AnchoringtheHAbonegraftand

implantplacementwasperformedbytheguidedsurgerydesignedbythesameCTsimulationsoftware．

First，bonedefectregionandmissingteethwererecreatedintoidealformbywax－up，andaplastermodel

wasmatchedandtheboneaugmentationvolumenecessaryforthebonedefectregionandpreciseimplant

placementpositionweredesigned．Inordertoavoidthecontactofthebonegraftblockandtheimplant．

impLantaccessholesonthebonegraftblockweredesignedslightlybiggerthanthediameteroftheimplant．

Oneyearafterthesurgery言tsuccessfullymaintainsitsaestheticsandfunctionality．

Keywords：dentalimplant．aesthetics，CTsimulation，CAD／CAM，HAbonegraft

1，lntroduction

FordentaLimplantcaseswithbonedefect，an

autologousboneblockorGBRmethodusing

granularbonesubstituteandmultiplemembrane

arecommonlyused．Butitisd愉culttodesignthe

idealformpriortosurgeryespeciallymaeSthetic

areabecauseofthedi航cultiesinvoIvedinprediction

ofhard and softtissue volume and amountlossof

血egraftingmaterialovertime．

AlitHeingenuitywasgiventothedesigning

（JBio－Integ5：155－163，2015．）

procedureofboneaugmentationvolumedata

forHAbonegraftblockonsimulationsoHware

explainedinthispaper．Firstidealformwas

reproducedformemissingteethandbonedefect

regionwithwax－upforanimpLantcasewithbone

defectinlabialbuccalside，andaplastermodelwas

made．ThepLastermodelandsimulationsoftware

（SimPlant⑧manufacturedbyMaterialiseDental

Co．hereinafterSimPlant）dataofmesameregion

WerematChedandtheboneaugmentat10nVOlume

necessaryforthebonedefectareaandtheprecise

implantplacementpositionweredesigned．Figurel
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and2showtheCTimages．

Theimplantcaseinmisstudyhadabonedefectin

buccalsideof＃5and♯6I・egion，anaeStheticarea．

HAbonegraftwereanchoredandimpLantswere

placedbyguidedsurgery．
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心onsoftware

と．Clinicalcase

l）Patient

Patient：32yearsoLdfemale

Firstvisit：July2012

Maincomplaint：Cosmeticdisturbancein＃5and

＃6

Preexistingcondition：N／A

FamilymedicaLhistory：N／A

Currentmedicalhistory：Tooth♯6wasextracted

bytheprimarycaredentistonemonthpriorto

hervisit．Shewantedimplanttreatmentandthe

∴156
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prlmarydentistreferredhertoourclinic．

Currentstatus：Countenancewasbilaterally

symmetric．Horizontalandverticaldefectwas

observedin＃5and＃6．Severeverticaland

horizontalboneresorptionin＃6，Verticaland

horizontalboneresorptionin＃5wasobservedin

intraoralphotograph．CTimageshowsextraction

socketwithsevere bone defecton buccalsidein

＃6，andhorizontalbonedefectin＃5（Fig3，Fig4）

Fig．3：Interoralphotographatthe紅stmedicalexamination
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2）Treatmentpian

Theimplantcaseinthisstudyhadabonedefect

inbuccalsideof＃5and＃6regLOn，anaeSthetic

area．HAbonegraftblockwasanchoredand

implantswereplacedusingguidedsurgery・It

wasdesignedtouse止e五Xationpinholesto

anchorthebonegraftblockatthesametimeas

theimplantplacement．

（1）Aplastermodelofidealformofthebuccal

bonedefectregionandthemissingteethwas



バイオインテグレーション学会誌　第5巻　　　　　　　　　　　　　　　　　　　　　　　JBn－htegr5．弓55－I6320］5

｝

ノ　　　 ㌧∴ヽ 翌

l
U

／

＼㌣∴ ／つ ，綴

博 x u p 行 p r e s s jo n∴仰

Fig．5：Designlngtheidealformof♯5and＃6bonedefectregion

withwax－upincludingsoftandhardtissuesontheinter一

〇ralmodelat thenrstvisit
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Fig．6：MatchingmeCTdataandwax－uppLastermodel

reproducedbywax－upandmatchedwiththe

simulationsoftwaredata．Implantplacement

positionwasdesignedinappropriatedirection

anddepth．Mucosalthicknesswasworkedout

bythediHerenceofmematchingdataagainst

theplastermodelof＃lland＃12andtheCT

dataofthebone surface．Mucosalthickness

wassubtractedfromthematchingdataand

theboneaugmentationvolumesurfacewas

setatthatposition（Fig5．Fig6）．Thebone

augmentationvolumewaspositionedlmm

awayfromimplantsotheydonotcontact

eachother（Fig7主TransitionalaLveolarbone

scaLLopedformfromtheadjacenttoothofthe

a惜ectedareawasglVen．Lastly五Ⅹationtack

holes（1．8mmindiameter）toanchorthebone

augmentationblockweredesigned（Fig8）．

（2）InthisstudyReplaceConicalSealImplant

Fig．7：Designlngtheboneaugmentationvolumeonsimulation

software
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Fig．8：Designlngtheboneaugmentationvolumeonsimulation

software

Systemanditsguidesystemmanufacturedby

Simplant㊥wereused．Thesameguidesystem

wasusedtodesignthe五Ⅹationtackholes

（1．5mmindiameter）roranchoringmebone

augmentat10nblock．DualTopAutoscrew

System（1．6mmindiameter）manufacturedby

ProSeedCo．wereusedasthe魚Xation screw

foranchoringtheboneaugmentationblock．

（3）Surgicalguideforanchoringthebone

augmentationblockandplacingimplantswas

designed．

（4）Resinbonedefectmodelandbone

augmentationmodelwithimplantplacement

positionand魚Xationtackholeforanchoring

theboneaugmentationblockontotheavailable

bonewereproducedbylaserbeamlithography

rapidprototypingme血od（Fig9）．After

COn五rmingtheaccuracy，themodelswere

157く「＿〉
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readjustedasnecessary．Processingmachine

（GM－1000）atGCprocessingcenterwasused

toprocesstheapatiteblockbasedonthebone

augmentationdata（Fig10）．Asforapatite

block，aPaCeram－U5（30Ⅹ40Ⅹ10mm．porosity

50％）manufacturedbyHOYATechnosurgical

Co．was used．

（5）ProcessedHAbonegraftblockwassterilized

byautocLaveunitandgammaray．

3）Surgicaiprocedure

（1）Deaerationwasdoneinnormalsalinewith

antimicrobials．Second deaeration was done

duringsurgerywithvenousbloodcollected

priortosurgeryandkeptinaplasticsyringe．

（2）Guidedsurgerywasperformedk）llowingthe

Standardprocedure．andimplantswereplaced

andtheHAbonegraftblockwasanchored

（Figll）．

Fig．9：Fablication the bone augmentatlOn mOdeL and the

bonedefectmodelwith3DP
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Fig．10：HAbonegraftmadebyCAD／CAM
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4）PrOgreSS

（1）Oral丘ndingsandCTimagerightafterthe

surgeryarefollows．Satisfactoryhorizontal

volumewasobtainedinoralfindings．CTimage

showedsatisfactorycompatibilityaroundthe

implantplatformanchoredbyscrews，buta

slimspacewasobservedbetweentheimplant

apexandthecorticalbone（Fig12）．

（2）6monthsafterthesurgery，SeCOndarysurgery

wasperformedanditsoraL丘ndingsandCT

imagesareasfollows．Stableprognosiswas

providedwithoutanyinfectionfor6months

aftersurgery．CTimagecomparisonshowed

皿eboneaugmentat10nblockhadhigha飴nity

forsurroundingboneandsurroundingbone

wasremodeledintransitionaIform．Newly

formedbonewasobservedinthespaceseen

rightaftersurgeryaroundimplantapex．

Corticalbonenewlygrowingtowardstheapex
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Fig．11：Bone augmentadon bLock was anchored with screws

duringsurgery
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Fig．15：Intraoralphotographoflinalprostheticrestoration

oftheHAbonegraftwasalsocon危rmed（Fig

13，Fig14）．

（3）Oral魚ndingsatprosthesisapplicationareas

follows．Temporaryprosthesiswasapplied

afterthesecondarysurgery．Afteradjusting

theformandfunct10nality，permanent

prosthesiswasapplied．Afterapplicationof

thepermanentprosthesis，ithadnotbeenlong

enoughtoseethefullreproductionofpapilla，

JBb－h妃g5．弓55－76320］5
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Fig．16：Intraoralphotographoftinalprosthedcrestoration
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Fig．18：CTimagesafter12months

butsymmetrywiththeuna鮎ectedsidewas

obtained（Fig15，Fig16）．

（4）OraLhndingsandCTimages12monthsafter

surgeryareasfollows．Papillahadbeenfully

reproducedafter12months．Comparingwith

theCTimageof6monthsanersurgery，neWly

formedbonehad五日edtheborderbetweenthe

surroundingbones（Fig17，Fig18）．
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3．Discussion

l）SimuIationsoftware

Therearemanysimulationsoftwareforclinical

implanttreatmentsl12），butsoftwarethatcan

Simulatetheboneaugmentationvolumeormatch

withplastermodelareverylimited．Inthisstudy

SimPlantwasused．Thisboneaugmentation

Simulationhadmaximizedtheadvantageof

SimPlant．Idealform（soft／hard（teeth，bone）

tissues）ofthedefeetregiononaplastermodel

WaSreprOducedandboneliningvolumewas

workedoutfrom the soft andhard tissue ofthe

una托ectedsideinordertoreCreatetheideal

SOfttissuevolumeintheorganism．Bygiving

transitionalscaLlopedformtothealveolarbone

borderfromtheadjacenttoothofthea撞ected

area，papillawithbone（apatite）liningwasformed．

AIsoavoidingcontactoftheimplantandthebone

augmentationblockreducedtheexternalstress

（suchasocclusalload）Ontheboneaugmentation

blockandLeadtoremodelingoftheautologous

bonearound也eimplant．Thisisimportantfor

alongtermprognosis．Usingguidedsurgery

forboneaugmentationsimulationandimplant

placementsimpli負edthesurgeryprocedure．

Surgicaltimeforthiscasewaslessthanlhour

incIudinganesthesia．LiteraturesearchforCT

andapatiteshowedareport3）Onprocedurefor

makingactualsizemodelsusingHelicalvolume

scanCTdatabutapatitereDrOductionwasanalog

anditsreproductionwasnotasaccurateasinthis

Study．

2）CAD／CAMtechnoiogy

InordertopreciselyI・eprOducethebone

augmentationimage，GM－10004・5），ultraprecise

processingmachineatGCprocessingcenter

Seemedtobethebestsystem．Inpreliminary

experimentboneaugmentationblockmadeby

3DPexactLymatchedtheresinbonedefectmodel．

、160

GM－1000is血eworld’stopJapanesetechnology

withsubmicronIevelcontrolmechanism，linear

motordriversystem，5spindlemachiningcontrol，

24hourconsecutivematerialautochanging

SyStemandstrongstructureforhigherprocessing

aCCuraCy．

’3）HAbone－graft

TheHAbloekusedinthisstudywas

apaceram－U5（30Ⅹ40Ⅹ10mm，pOrOSity50％）

manufacturedbyHOYATechnosurgicalCo．）61

7）．ReducingtheporosityofHAsinteredblock

Willincreasethestrengthbutreducethebone

COnductivity8・9）．Thiscasewasanapplicationto

anextemalbonedefectanditwasnecessary

tomaintainhighboneconductivityandwas

designedtogettheleaste任ectfromexternalforce

inaestheticarea，theHAbonegraftwith50％

porositywasused10工1）．Thisproductismadeof

highpuritysynthetic

hydroxyapatiteandisabonesubstituteofthe

SamequalitytobiologlCalapatitewhichisthe

basiccomponentofbonetissues．Ithashigh

biologicalcompatibility．providessca韮Oldingfor

bonetissueformation，enCOurageStheformation

Ofnewboneatearlystageandbindsdirectlywith

newlyformedbone．Inthiscaseboneconductivity

ofapatitecauseddramaticbonereproduction

betweenHAbonegraftandsurroundingbonesin

12monmsaftersurgery．（Fig19，Fig20，Fig21．

Fig22，Fig23）

Fig．19：CTimagechanges
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Fig．20：CTimageChanges
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Fig．21：CTimageChanges

Inthisstudybonegraftblockshapedout

byCAD／CAMwassterilizedwithautoclave

treatmentandgammaraysterilization，andno

changewasobservedinitsstructureorstrength

accordingtoHOYATechnosurgicalCo．

4）CAD／CAM technoiogy and application of

HAbonegraft

Forthelastcoupleofyears2papersreported

applicationoftheHAbonegraftfabricatedwith

CAD／CAMtechnology．Onepaperreportedthe

resultsofanimaltestingontemporomanibular

condyle12）and止eotherpaperreportedthe

applicationofbonereplacementforsinusHoor

elevation13）Sonone ofthemweresimilartothis

Study．

5）Surgery

Thiscasebeingtheapplicationtowardsexternal

bonedefect，bleedingfromresidualbonecaused
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Fig．22：CTimageChanges
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Fig．23：Bonek）rmation

bydecorticationduringsurgery，form加tmgof

HAbonegraftandresidualboneandanchoringof

theHAbonegraftblockwerewellconsideredin

designingthesurgeryprocedure．Kusumotoetal．

reported∴‘Formationofnewbonewasobserved

incorticalboneratherthanperiosteuminthe

HAPbonegraft：9）TheHAbonegraftwith50％

porositywasusedandporeswere創ledwith

antimicrobialsandvenousbloodduringsurgery

topreventinfectionandencourageearlybone

brmation．Keepingvenousbloodinplasticsyrmge

wiLIslowdownclotting．Bytakingthisstepright

beforeanchoringtheHAbonegraft，pOreSOfthe

HAbonegraftcanbe五Iledwithfreshbloodafter

surgery．Asaresult，eXCellentboneconductivity

Ofapatiteencouragedboneformationandnew

bonewasformedtransitionallyintheborder

betweenHAbonegraftbLockandtheresidual

bone．
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Fig．24：Wax－updesignbeforoperationand血lalprothesisafter

6months

6）Aesthetics

Comparisonphotosofthewax－upmOdelatthe

timeofplanning，12monthsaftersurgeryand6

monthsafterpros血eticrestorationareshown

below．（Fig24，Fig25）Aestheticswasimproved

toalmostidealstateasplannedincludingsoft

tissues．Traditionalboneaugmentationmethods

cannotimprovesensuousnessofsofttissues，

especiallygingivalpapillawithonesurgery．

Secondorthirdsurgeriesareoftennecessaryto

recreate thesofttissues14）．Therefore HA bone

graftblockinthisstudycanbeconsideredas

e宜ective．

4，Conclusion

Adentalimplantcasewithbonedefectwas

showed．Thebonedefectvolumeandprecise

positionofanimplantwereestimatedbyaCT

SimuLation．TheHAbonegraftwasfabricated

fromasinteredHAblockbyCAD／CAM．The

bonedefectwas創IedwiththeHAbonegraft．

Then，adentalimplantwasplacedintotheprecise

position．Oneyearaftertheoperation，theHA

bonegraftandimplantsuccessfullymaintains

withaestheticsandfunctionality．
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