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Abstract

iItispopularinthesedaystouseaCTsimulationdatatodeterminethebonegraftvolumeindentalimplant

caseswithbonedefectandthepreciseimplantplacementposition．Howevertherehasbeennoreporton

convertingmesimulationdatathree－dimensionallytofabricateboneaugmentationmaterials・

InthisstudyaHAbonegraftwasfabricatedfromasinteredHAblockusingaCAD／CAMtechniquebased

ontheboneaugmentationvolumedatadeterminedbythesimulationdata．TheHAgraftwasevaluatedby

comparingwitharesingraftmodelfabricatedbyathreedimensionalprinting（3DP）me也Odbasedonthe

samesimulationdata．

TheHAbonegraftbyCAD／CAMandtheresinbonegraftby3DPwaswellconsistenteachotherinthe

shape，Size，andadaptability．
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1．intrOduction

ImplanttreatmentshavegreatLyprogressedalong

withthedevelopmentandimprovementofCTand

simulationsoftware．Itisnowpossibletoobserve

thethree－dimensionalinformationoftheboneonthe

software．Flaplesssurgeryispossiblewithguided

surgeryusingsurgicalguidebasedonthesimulation

data．Itislessinvasiveforthepatientsandmakes

suI・geryeaSierfor也eoperatorsl‾8）．Advancement

ofCAD／CAMtechnologyhasbroughtbigchanges

indentistryandquitealotofprosmesesare

manufacturedusingthistechnologyFigurelshows
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asurgicaLguidedesignedbyasimulationsoftand

五gure2isanoralcavityofaguidedsurgeryiFigure

3ismeprovisionalrestorationafteroperationand

ngure4and5arethepanoramaX－rayphoto，五nal

prosthesis．respectively．

Forimplantcaseswithbonedefect，bone

augmentationisnecessarytoobtainimpLant

placementpositionandaes血eticalimprovementi

Blockbonetransplantusingautologousboneor

GBRmethodusinggranularbonesubstitutesand

multiplemembranearecommonlyusedbone

augmentationmethods．Howeveritisd鯖cultto

recreatetheidealformbecauseofthedi組cultyln

predicting皿eabsorbedamountlossofthegrafting
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materialovertimeanddi綿cultyofthesurgery

itself．

Fig．1：DesignlngaSurglCaLguide basedonCT

simulation software
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Fig．2：OraL cavity the guided surgery using the

surgicalguidemadeby3DP

駅 ／－
＼

ふ ／毒　　　　　　　　　　　　 ‾－ヽ‾㌶

「

言　 ＼

」、 怠 ∴ i

∴　 ∵r ∴　　　　 ∴　 ∴　 ∴

＼ 尽く（ ＼／）

∴如 ∴ ∴　 ∴ 一 ∴

Fig．3：Installation ofprovisionalrestoration before

operationmadeonmodelmaterial
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Fig．4：Panoramic X－ray photo afterinstalLatJOn Of

nnalprosthesis

＼／久遠 鵜　 玉 虫
嘉 、 ＼’串

／ ＼ ＼＼、＼ ／ ）＼（／ぐ／＼

一　　 ㌢読

′：∴∴∴ 一∴ ∴一 ∴ 一
灯

「：

潤 醗 ∴∴

∴i：

Fig．5：Oraleavity ofthe危nalprosthesis made by

CAD／CAMtechnology

InthisstudyHAblockwassuccessfullymade

usingCAD／CAMtechnologybasedon血ebone

augmentationvolumedataforthebonedefect

regionworkedoutbysimulationsoftwareforan

implantcasewithbonedefectinbuccal＃20and

＃21．Thispaperreportsitssummarywithaccuracy

validation．

2．Materialsandmethods

l）CTapparatus

3DXmultiimagemicroCT（FPD8）manufactured

byMoritaCo．wasusedundertheconditionof

diameter60×60mm：125メ肌

2）Simulationsoftware

SimPlant③manufacturedbyMaterialiseDental

Co．was used．
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3）HAbiock

HOYATechnosurgicalCo．apaceram－U5

（30Ⅹ40Ⅹ10mm，pOrOSity50％）wasused．

4）CAD／CAM

Basedontheboneaugmentationvolumedata，

HAblock（hereinafterHAbonegraftblock）

wasshapedbyCAD／CAMtechnologyusing

processingmachine（GM－1000）atGCprocessing

Center．

5）Formandcompatibiiity

i Resinboneaugmentationmodelandbonedefect

modelweremadebyrapidprototypingusing

3DP（threedimensionalprinting）andwere

comparedinformandcompatibilitythree－

dimensionallywi皿HAbonegraftblock．

6）Contamination

AftershapingoutthebLockwithCAD／CAM

（processingmachine，GM－1000atGCprocessing

center）Contaminationtestwasconductedby
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Fig．6：CTimage todetermineimplantplacementposition

andbonegraftvolume
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EDX（EnergyDispersiveFluorescentX－ray

Spectroscopy）byTokyoDentalCollege．

3，ResuIts

l）Designingwithsjmulationsoftware

Simulationsoftwarewasusedtoworkoutthe

boneaugmeintationvolumeneededfor血ebone

defectregionandtodesignthepreciseimplant

placementposition（Fig6，Fig7，Fig8）and

魚Xationtackholesontoavailable bone．Inorderto

avoidcontactoftheboneaugmentationmateriaL

andtheimplant，theimplantaccessholeson

theboneaugmentationmaterialweredesigned

slightlybiggerthanthediameteroftheimplant．

Fig．7：CTimagetodetermineimpLantplacementposition

andbonegraftvolume

懸轡圏
Fig．8：CTimagetodetermineimplantplacementposition

andbonegraftvolume
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2）HAbiock

HAbonegraftblockwasshapedoutusingCAD／

CAMprocessor：GM－1000（Fig9）．

ヽ

Fig．：9HAbonegraftfabricatedbyCAD／CAM

3）Formandcompatib輔ty

HAbonegraftblockandresinbone

augmentationmodelmadebyrapidprototyplng

using3DPlookedgrosslyresemblingin

COmparison（FiglO）．AIsotheirgoodadaptability

wascon丘rmedonaresinbonedefectmodel（Fig

ll（1），（2））．
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Fig．：10Comparison ofthe HA bone graft by CAD／CAM

and the resin bone model by3DP based on the

same simulation software
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Fig．11：（1）AdaptabilityofHAbonegraftandresinmodeL

（arrow）fromtheside．
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Fig．11：（2）Adaptabilityfromabove．

4）Contamination examination of WC bar by

EDX As seenin Figl2the tungsten was

notdetected．

4，Discussion

3DXMultiimagemicroCT（FPD8）manufactured

byMoritaco．usedinthisstudyhasaHatpanel

detector（FPD）whichconvertsx－raymapintodigital

Slgnal．Ithasimprovedimagequalityandreduced

thequantityofradiation．FPDisnota椿ectedby

themagnetic五eld．ishighlysensitivewithhigher

resolution，Widedynamicrangeandexcellent

gradationexpressionandprovideshighquality3D
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Fig．12：EDX analysis ofthe HA bone graft to ascertain the contamination of tungsten（W）

CauSedbyshavingprocess．

photographicimagewithlessdistortion．Ithashigh

resolutionofmorethan2．OLP／mm（MTFlO％）and

VOXelsizeO．08mm（cube）．ThishighresolutionCT

WaSChosentominimizetheradiographicareaofthe

bonedefectreglOnandobtainhigheraccuracy13‾L5）

Therearemanysimulationsoftwareforclinical

implanttreatments16117），butsoftwarethatcan

Simulatetheboneaugmentationvolumearevery

limited．SimPlantwasusedinthisstudyand

boneaugmentationsimulationhasmaximizedthe

advantageofSimPlant．

AvoidingthecontactoftheimplantandHA

bonegraftblockwillreducetheexternalforce

SuChasocclusalloadonHAbonegraftblockand

leadstoremodelingofautologousbonearoundthe

implant．Thisisimportantforagoodprognosisof

theimplantinalongterm．Clinicaluseofguided

Surgeryk）rboneaugmentationsimulationand

implantplacementshouldbeconsidered．

InordertopreciseLyreproducethebone

augmentationimage，GM－1000．theprocessing

machineatCGprocessingcenterll・12）wasselected．

HAbonegraftblockexactlymatchedtheresin

bonedefectmodelmadeby3DPforthepreliminary

experiment．Thereforethisultrapreciseprocessing

machineGM－1000isconsideredtobetheworld’stop

JapanesetechnologywithsubmicronlevelcontroL

mechanism，linearmotordriversystem，5spindle

machiningcontrol．24hourconsecutivematerialauto

ChanglngSyStemandstrongstructureforhigher

processingaccuracy．

HA blockusedinthisstudywasHOYA

TechnosurgicalCo．apaceram－U5．18，19）Whenporosity

Oftheapaceramis50％，3pointbendingstrength

is16MPa，COmpreSSivestrengthis30MPa．This

productismadeofhighpuritysyntheticHAandis

abonesubstituteofthesamequalitytobiological

apatitewhichisthebasiccomponentofthebone

tissue．Ithashighbiologicalcompatibilityand

encouragesthebonetissueformationandbinds

directlywithnewlyformedbone20121）

Aftersterilizingthebonegraftblockshaped

55、∵
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outofCAD／CAMwithautoclavetreatmentand

gammaraysterilization，nOChangewasobserved

initsstructureofstrengthaccordingtoHOYA

TechnosurgicalCo．

WhenreproducingtheformofHAbonegraft

blockwithCAD／CAMusingGM－1000：prOCeSSing

machineatGCprocessingcenter．possible

contaminatlOnbythebarcouldoccurduring

shapingouttheapatiteblock．Inthisstudyboth

apatitebLockbeforeshapingoutandHAbonegraft

blockaftershapingoutwereveri五edwithEDX

andnotungstenwasdetected．Thereforepossibility

ofHAbonegraftblockcontaminationcanbe

consideredverylow．

5．Conclusion

Forboneaugmentation．blockbonetransplant

usingautoLogousboneorGBRmethodusing

granularbonesubstituteandmultiplemembrane

arecommonlyused，butitisd腫culttorecreate

theidealformbecauseofthedi鯖cultiesinvolved

inpredictionofabsorbedamountofthegrafting

materialovertimeanddimcultyofthesurgery

itself

BonegraftblocksreproducedfromCTsimulation

inthisstudyprovedthatsimulationsoftware

candesignanidealboneaugmentationformand

preciselyreproduceitwithCAD／CAMtechnology

andapatitefoI・mitselfhaslongtermretentivity

andstabilityanditalsoreducesoperationtime．

Thereforeitstronglysuggestsitsusability

comparedtootherexistingboneaugmentation

methods．
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