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Abstract: The developmenbf digital technologiesn dentistryhaschangedthe therapeuticapproachin edentulouspatientsbothin the
preliminary stagesof clinical casestudiesand when supportingthe actual surgical and manufacture phases.The goals of the digital
workflow are to reduce the number of patient appointmentsand to improve the predictability of treatment outcome.A thorough
descriptionof a complexclinical caseanalyzeshow thesenew digital technologiesare usedin everystepof the surgica and prosthetic

therapyto perform the reconstructionof a bar retainedoverdenture.

1. Introduction

In recentyears,modernprostheticdentistryhasbeenmaking
useof digital technologiego supportboththe diagnosticand
therapeutic stages of patient rehabilitation*Traditional
removable and implantsupported denturshave also
benefited from these innovations and have been further
digitally developedboth in the virtual planning of clinical

casesandassupportduring the actualmanufacturephase’®

The purpose of digital manufactureof implant retained
overdentures is to reduce the number of patient
appointmentsandto improve the predictability of treatment
outcome”®In a previous article the authorsdescribedthe
digital flow procedureor makingremovabledentureausing
a specific new software called the Digital Smile
Systen¥(DSSconsisting of tools and a data library of

naturalandartificial teethusedin interdisciplinarydentistry
to improve diagnostic vision, develop communication/
information, and to enhancepredictability throughoutthe
courseof treatmenf(restorative surgical,and prosthetic)In

the proceduredescribed the implant positioning, although
prostheticallyguided,involves f rh e en slirgery The use
of properlyplannedguidedsurgery basedon the anatomical
situation and of the chosen prothetic it is a now

consolidatedoperative criteria in clinical practive’®**The
aim of this clinical reportis to describethe applicationof

these digital technology advancementsin overdenture
implant rehabilitationthroughthe descriptionof a complex
clinical case where guidedimplant surgery becomesan

integralpartof thefully digital workflow.

2. Clinical Report

A 67-yearold female patient came to the dental office
complainingof reducedchewingability andlossof retention
of her upperremovablecompletedenturein the oral cavity.
She furthermore askedto improve the appearancef her
smile and face, complainingthat she was dissatisfiedwith

the color andvisibility of herteeth which, evenwhenfacial
mimicry was more accentuatedwere barely noticeableand
featured unnatural slanted planes. The medical history
showedno diseaseéncompatiblewith dentaltherapyandan
overall good state of health: the patient was classified as
ASA1.

The estheticanalysisof the facial appearanceshowed a

reduction of the vertical dimensionof occlusion with an

increasdn perilabialwrinkles Furthermorethe musculature
of the cheekswasunsupportedy the old prosthesisandthe

entire face had visibly lost tone (Fig.1). The patient
exhibitedan unattractive slantedsmile with an unbalanced
look: the occlusalplanappearsrookedandthe interincisive

line doesnot correspondvith midline of theface

Theclinical intraoralanalysisshowedthat the upperdenture
wasunsatisfactorypecausef aninadequatextensiorof the
prosthetic bodies, incorrect occlusal contacts, and an
inadequateintermaxillary relationship.In the lower arch,
therewasa recentlymadefixed prosthes.

During the visit, the patientunderwent lateralradiographic
exam. The radiographicexaminationmade it possibleto
study the hard and soft tissuesof the p a t i fagetands
safely allows recogntion of high occlusalrisk brachyfacial
patients providing prognostic information for treatment
planning purposes? Facial and intraoral photographsvere
takenas an essentiahid for completingthe treatmentplan
In general, facial photos enable further diagnostic
assessmentegardingthe overall estheticsof the face ard
the physiognomictraits, which are then addressedn the
prostheticherapy™

At the endof thefirst visit, differenttreatmentoptions with
their respectiveassociatedisksandb ¢ n ¢ viietepresented
and discussedwith the patient. The patient accepted the
permanentreatmeniplanof anoverdenturanaxillary dental
prosthesismplant,supportedvith four dentalimplants.
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Thefirst clinical stageof the new prosthetictherapyentails  The files from DSS were then superimposeanto scanned
making the preliminary impressions.This is in no way a  imagesof dentureand edentulousupper jaw.**The dental
marginalstep in the processasit is essentiato fully record  technicianusedthe outline of the virtual smile obtainedto

the anatomy of the endoral structuresof the edentulous placea tooth from the library or to createcustomizedteeth
upperjaw. A digital impressiorof the edentulousipperarch ~ with tools from Freeform (Exocad® software, Exocad
(3ShapeTrios, DenmarR, of the pre-existing denturesand  GmbH) to convertthe virtual 2D teetharrangementnto a

of the oppositearchweremade (Fig 2).*** 3D teetharrangementFig 5).°

At this point two photoswere takenof thep a t i faaet ’A$ the end of this work stage,a file from Exocad was
accordingto a codedtechniquefor the DSS software™ It is  convertedinto a specific file for a 3D printer (SLA 3D,
importantto take photosof the facekeepingthe patientina  Form 2, Formlabsinc.)and a prototypeof the digital work
positionthatis stableandrepeatablevertime, trying notto  was made with a dedicatedresin (C&B, A3.5, NextDent
change the enlargementratio between shots. For this  B.V.) (Fig 6).2*
purposethe patientwas invited to sit comfortably keeping
her back straightwhile the operatoruseda camerasetona  The prototypewastried in the mouth checkingthe intraoral
tripod to stabilizeits positionin relationto the patientbeing  adaptation,the centricrelaion, andthe estheticsof the smile
photographd. The subjecthadto be positionedso thather  and face (Fig.7). The clinician could make changesif
FrankfurtPlane(theline thatjoinsthe Porionandthe Orbital ~ necessary.
Point)wasparallelto the horizon.
Subsequentlythe prototype is used as a radiological
The patientmay weardedicatedglassesisedto calibratethe  stentwithwhich the CBCT is done usinga dedicateddevice
digital prerenderingsoftware(DSS). The glasesrepresent  (Evobitewith 3D marker,3diemme Jtaly)which wasadapted
a true measuringsystemthat differentiates this software to theitemwith radiotransparertilicone(Fig. 8).
from othersimilar systems”
The Dicomdataresultingfrom the X-ray and the STL files
Thanks to their shape and the presenceof calibration relativeto the anatomicalnd prostheticpartsobtainedfrom
markers used as a reference, the glasses facilitate theintraoralscanareimportedin a specificimplantplanning
maintenanc®f the perpendiculapositionof the patientand  software (Realguides.0, 3 DIEMME, Italy)where thanksto
thecamera adedicatedalgorhythnareoverlappediusinga replicableand
controlled procedure(Fig. 9).Through use of the implant
The first facial photo wastakenaskingthe patientto smile  line databaseused (Thommen Medical AG, Grenchen,
and show as many teeth as possible. The secondfacial  Switzerland the numberand positionof the implant screws
photographwas taken with cheek retractors(Fig.3). The  to beinsertedvia guidedsurgeryareplanned(Fig. 10).
photo madeit possibleto correctly assesghe parallelism
betweerthe bipupillary planeandthe occlusalplane,aswell After careful functional and estheticevaluationand fi n a 1
asthe consistencypetweenthe medianandinterincisiveline. v e r i fi ¢he prasthetiedriven plan wasapproved,anda
This madeit possibleto import the photos(JPEGformat)  stereolithographisurgicaltemplatewasmadeusinga newer
into the DSSandto proceedwith the estheticpre-rendering  rapid prototyping technology (New Ancorvis Bargellino,
of the future prosthetictherapy. Italy) (Fig. 11). Subsequently four prosthetiedriven
implantswith a diameterof 4.0 mm anda lengthof 9.5 mm
Digital prerenderingwith the DSS program consistedof ~ (SPI® CONTACT RC INICELL®, ThommenMedicalAG
creating a digital teeth arrangementwith virtual artificial were placed with a dedicateddedicate bur kit (Thommen
teeth containedin the software library. The teeth were  Medical Guided SurgeryKit), in the upperjaw, taking into
choseraccordingto estheticandfunctionalparameterd and  accountthe bonequality and quantity, soft-tissuethickness,
could be replacedwith othersof differentshapesr color. If  anatomicallandmarks,and the type, volume and shapeof
necessarythe anterior and posteriorteeth were positioned thefi n se$toration
using the old dentureas a guide. In this way the patient
could seethe possibleestheticend resultand participatein Healingabutmentsverepositioneddirectly onto the implant
the therapeut projecttogetherwith the entire dentalteam  headsand the old denturewas realigned with a temporary
(Fig.4). soft material(CoeSoft (CS) GC Americalnc.) (Fig. 12).

Once the virtual teeth arrangementwas obtained - and  After four weeks?? the final digital impression (Trios
approvedby the patient- the file containingthep a t i e BEhape)of the upperarch was made of the implant scan
information, the photographic alignments, the libraries  bodiespreviouslyscrewednto the fixture with a settorque.
chosen,andthe work proces wastransferredto the dental  In addition, the final volumeof theclinicized prototypewere
technician'slaboratorywhere the file wasimportedinto a  also reacquiredso as to digitally superimposehe images
3D softwareprogram(Exocad®software,ExocadGmbH). onto eachother. Superimposig of variousdigital files has
The informationfile exportedfrom the DSS consistedof a  provento beareliableprocedurén digital workflows >
PDF format and single photographsof the p a t i fagcet ’ s
with a customizedtwo dimensional (2D) virtual smile  Using a dedicatedtool of the 3D software (Exocad®
design. software ExocadGmbH), the projectwasexecutedo create
the upperretentivebar, usingfixture scantransparencieto
assesghe availablespacesand the position of the teethin
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relation to their analogues,and to identify the type of
prostheticstructureandanchorageThe structureprojectwas
sentto the milling center(New Ancorvis): indicationswere
given regardingthe retentive systemanchorageareas,the
use of dedicatedthreading, the type of metal, and the
executiontechnique(CAD/CAM technology).

After beingcheckedin the denta technician'dab, the item
wassentto the dentistto clinically testthe structurejn order
to verify its precisionandpassivity. The dentisttook a pick-
up impressionof the bar so that it was possibleto makea
mastemaodelstoneto finalize the prosthesis.

The processlater continued with further polishing and
shiningof the barandthedigital acquisitionusinga scanner.
The dental techniciandigitally designedthe countetbar,

always checkingthe available spaces,using final volume
superimpositionand inserting retentive pins in the project
for the mechanicatightnessof the teeth.lt wasmadeusing
lasermelting technologythat madeit possibé to obtainan

accurateitem to which the acrylic resin adheredtightly

thanksto the presencef a retentivesurface®

It was thentime for the completeapplicationof the teeth
onto the counterbar, using the clinicized prototype as a
fitting plane.Theartificial teethandthe metalstructurewere
joinedusinga smallamountof wax.

The prosthesiswas finalized using a resininjection muffle
system(Vertysysteri, a-greesrl) that transformedthe wax
into resinwith a codified protocol®®? The overdentureand
the finished and perfecty polishedretentionstructurewere
sentto the dentaloffice.

The bar was then inserted into the oral cavity by the

clinician andtightenedto the implant fixtures with a preset
torque(Fig 13). The dentisthadto checkthattherewereno

areaswherethe soft tissueswere compresse@ndthat there
wasroom for the useof dentaldevices:interdentalbrushes
andflosses.

Once the prosthetictherapy was completed,the patient's
face had improved greatly from an estheticviewpoint. The

soft tissuesof the faceappearedirm andtoned.A reduction
could be seen in the naselabial folds and perilabial

wrinkles, both frontally and laterally. The vertical

dimension, which had been slightly increased,appeared
adequateand well toleratedesthetically.During phoration

and smiling dynamicsthe patientdisplayednaturallooking

teeththatwereperfectlyintegratedwith herface(Fig.14).

3. Discussion

In prosthetic therapy, for both fixed and removable
prostheses;ommunicatiorwith the patientis a vital part of
the treatment.Effective digital previsualizationis the ideal
way to explain estheticchangedo a patientandto receive
their approval. Until now, many digital previsualization
methodshavebeenusedin dentistrysolelyfor this purpose

In this articlethe Digital Smile approachwasintroducedin a
complexdigital workflow. DSSnot only allowedthe patient
to seeher future appearancgebut it also enabledprodudion

of a prototype(PatentPendingwWorkflow, JustDigital, Italy)

for the functional check of the digital project carried out.

The fact that the patientcan seethe possiblefuture esthetic
resultsthroughdigital rendering,including the possibility of

changesif desired,reducesoverall clinical practice time.

Additionally, the constructionof a prototype,basedon the

virtual assembly,minimizes the number of errorsin the

manufactureof the final producendbecomesa fundamental
instrumentfor prosthetiedrivensurgery

Use of the prototype as a radiological stent during the
examinationof the CBCT, and its transformationinto a
surgerydriven guide makeit possibleto postion implants
accordingto the digital studydonewith DSS andapproved
by the patient

Somephasesof the describedworkflow require a learning
curve by the clinical operabr and technician.For example,
the photostakenby the clinician for the DSS, mustbe taken
in the exactmanneras previouslydescribedo facilitate the
superimposingof the photo of the patient'sface, with the
scanof the model and the old denture Another important
stageis thatin which the teethfrom the databankof the 3D

softwareare matchedwith the outlines obtainedby digital

previsualizationwith DSS. In this case,if the matchingis

not precise the prototypewill not corresponderfectlywith

thatapprovedby the patient.

4. Conclusions

The useof digital technologiess now vastly widespreadn

thefield of dentistryand,in particular,in prosthetictherapy.
In removable, traditional, and implantsupport prosthetic
therapy, digital technologycan play an essentialrole. The
clinical casedescribedwvasalmostentirely resolvedwith an
innovative digital workflow, both from a clinical and
technicalviewpoint. In partiaular, guidedsurgeryhascome
into the digital workflow througha simplified approachthat
is closelydependenbn the estheticandfunctionalaspectof

the patientThe humancomponentis still fundamentaland
not all stagescan be carried out digitally. However, it is

expectedthat technical developmentwill rapidly lead to

more and more digitalized therapieswith anincreasen the
endquality of the therapyandlessconditionedby the skills

of theindividual operator.
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Photo Captions

Figure 2: A digital impressiorwasmadeof the edentulousipperarch,old denturesandof the oppositearch

Figure 3: Thefirst facial photowastakenaskingthe patientto smileandshowasmanyteethaspossibleandthe secondfacial
photographwastakenwith cheekretractors
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Figure 5: The dentaltechnicianusedthe outline of the virtual smile obtainedto placeatoothfrom thelibrary or to create
customizedeethto convertthe virtual 2D teetharrangemeninto a 3D teetharrangement

Figure 6: A prototypeof thedigital work wasobtainedwith a dedicatedesin
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Figure 7: Faceof patientwith prototypednsertedinto the mouth to checkesthetics

Figure 8: Theprototypewasusedasa radiologicalstentduringthe conductof the CBCT
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Figure 9: The Dicomdataandthe STL files relativeto the anatomicakndprostheticpartsobtainedfrom theintraoralscanare
importedinto a specificimplantplanningsoftware

Figure 10: The numberandpositionof theimplantscrewsto beinsertedvia guidedsurgeryareplannedthroughuseof an
implantline database

Figure 11: A stereolithographisurgicaltemplatewasmadewith arapd newprototypingtechnology.
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Figure 13: Barinsertedinto oral cavity
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