Aus der Poliklinik fir Zahnéarztliche Prothetik

Klinik der Ludwig-Maximilians-Universitat Minchen

Direktor: Prof. Dr. med. dent. Daniel Edelhoff

In-vivo -Verschleil3verhalten von Restaurationen aus CAD/CAM -
Komposit versus Lithium -Disilikat -Keramik bei Patienten nach

prothetischer Gesamtr ehabilitation

Dissertation
zum Erwerb des Doktorgrades der Zahnmedizin
an der Medizinischen Fakultat der

Ludwig-Maximilians-Universitat zu Minchen

vorgelegt von

Gintare Burian

aus

Klaipeda

2023



Mit Genehmigung der Medizinischen Fakultat der
Ludwig-Maximilians-Universitat zu Minchen

Berichterstatter:

Mitberichterstatter:

Mitbetreuung durch den
promovierten Mitarbeiter:

Dekan:

Tag der mundlichen Prifung:

Prof. Dr. med. dent. Jan-Frederik Guth
apl. Prof. Dr. med. dent. Karin Huth

Priv. Doz. Dr. rer. nat. Uwe Baumert

Priv. Doz. Dr. med. dent. Christine Keul

Prof. Dr. med. Thomas Gudermann

06.02.2023



nhal tsverzei chni s

INHALTSVERZEICHNIS ...t cemmee ettt s smmmmnn et 1 et e e e s e e e 1.
PUBLIKATIONSLISTE. .. oottt smmmmmr e immmnr s bbb n e e sas b ammmmm bbb e e 2.
1 EINLEITUNG ... .ottt commmmr s bbb smmmmms e e e s a b e e s e smmmmmr e s s bbb e e e e e s e 3...
2 EIGENE ARBEITH ...ttt immmme et smmmnt et e e e s 1t emmmmm st e e e s e e e e s emmmmnr e e e e e 6.

2.1 ORIGINALARBEITGUTHJF ERDELTK, KEULC,BURIANG,SCHWEIGER] ,EDELHOFFD. IN VIVO WEAR OF
CADCAMCOMPOSITE VERSUSHIUM DISILICATE BLL COVERAGE FIRSTOLAR RESTORATIONS PILOT STUDY OVER

2 YEARSCQLIN ORALINVEST24,430174311 (2020) (HTTPS// DOLORG@10.1007/ 00784-020-03294-5) IF

2.2 ORIGINALARBEITBURIANG,ERDELTK, SCHWEIGER),KEULC ,EDELHOFMD, GIJTHJF IN-VIVO-WEAR IN
COMPOSITE AND CERABIFULL MOUTH REHABITATIONS OVER YEARSSCIREP. 2021 UL 7;11(1):14056.

(HTTPS// DOIORG10.1038/ $41598-021-93425-2) IF 2020:5.133.......ctiiiiiiiieee s cemmmmmmmeree e smmnmmmmme s 19
DISKIUSSION. ...ttt ettt emeee st b ettt e emmee b ekt e s bt e se e ae e mmmem £ 1 £ 22kt 28 bt e he e s bt bmmmems bt e bt es b e ebee e 30

3.1 IN-VIVO-VERSCHLEIRMESSUNG VEBRSTENVIOLARRESTAURATIONENUSCAD/CAMKOMPOSIT UND
LITHIUM-DISILIKAT-KERAMIK EINEPILOTSTUDIE UBER JAHRE. ... ..uuiivnienneens s s st s e sanessss s s e esenne e Qe
3.2 IN-VIVO-VERSCHLEIRMESSUNG VER®MPOSIF UNDLITHIUM-DISILIKAT-KERAMIKRESTAURATIONENACH

VOLLSTANDIGER PROTHRESCHERREHABILITATION UBER JAHRE .......iivuiivttienescmmmmmmmms st esanessss s smmmmmnm s s essnne e s 300

4 ZUSAMMENFASSUNG . ....cooiiiiiiiiie e isimmmet ettt e e et emmmm et e e e 1 s ae e e s smmmmmr s e e e e sasbe e e e e e s s mmmmne s 40
5 LITERATURVERZEICHNIS. ... ..ottt cmmmmr ettt e e st smmmmms et e e s e e e ame 41
DANKSAGUNG . ..ottt imrme et emmmmmr et e s s e et e e e s s ommmmmt e+ s s b e et e e e e st s s s et e e e s e sennn e e e emmnd 46
EIDESSTATTLICHE VEREHERUNG.........ctiiiiiiiiii ettt emmmmmr et e s vmmmmmt e e e e s ar



Publi kati onsl i st e

Guth JF, Erdelt K, Keul Burian G Schweiger J, Edelhoff Dn vivo wear of CADCAM composite
versus lithium disilicate full coverage firgtolar restorations: a it study over 3ears.Clin Oral
Invest24,4301 4311 (2020)

(https://doi.org/10.1007/s00784920-032945)

IF 2020: 3.573

Burian G Erdelt K, Schweiger J, Keul C, Edelhoff D, Giith liFvivo-wear in composite and ceramic
full mouth rehabilitations over 3 yeaiSci Rep. 2021 Jul 7;11(1):14056.

(https://doi.org/10.1038/s4159821-934252)

IF 2020:5.133


https://doi.org/10.1007/s00784-020-03294-5
https://doi.org/10.1038/s41598-021-93425-z

1Einleitung

Der nicht-kariogene Verlust vorzahnhartsubstangtellt eine zunehmendederausforderundur die
zahnmedizinischeVersorgung weltweit dgd]. Diesspiegelt sichunteranderemin derzunehmende

Zahl an Publikationeriber die letzten Jahrzehntevider [2]. Hinsichtlich der Altersverteilung ist zu
beobachten, dass bei einem Grol3teiladeren Patienten auch zunehmend jlingere Menschen unter

einem Verlust der Zahnhartsubstanz leifm].

Die Zahne sind einer Vielzahl von Faktoren ausgesetzt, dleer eine Lebensspanre einem
sukzessiveiVerlust an Zahnhartsubstafitren, unter anderem chemische und physikalische Faktoren

[5]. Chemische Noxen fuhren zuErosion die aufgrund der pHNertveschiebung eine
Demineralisationdes Zahnschmelgs und spater auclides Dentirs auslést[6]. Zu physikaischen
Ursachen gehén Abrasion und Attrition.Als Abrasion bezeichnet man ein Verschlei@mustes d

durch Interaktion zwischen Zahnen uRcemdkdrperrentstehtwahrend Attritiondurch ZahnZahn

Kontakt bedingt ist[7]. Die beschriebene¥erschleimechanismereigenWechselwirkungersowie

einen potenzierenden Effekt, der letztendlich zu einem zunehmendem Verlust an Zahnhartsubstanz fuhrt
[7]. Der alterskorrelied, pathologisch erhéhte Verlust an ZahnhartsatistiuZert sich in erhdhter
Zahnempihdlichkeit, sowie unktionellen und asthetischreBeeintrachtigungn, die sichnegativ auf die

dentale Funktionalitat und digsbensqualitdausvirken [8].

Die steigende Pravalenz von Abrasionand Erosionsgebiss stellt Kliniker vor grof3e
Herausforderurgn, da diese meist eine komplexe prothetische Rehabilitation erforf8rnDie
zeitintensive Wiederherstellungder Kaufunktion undder Asthetik erfordert ein hohe Patienten
Complianceund ist meistmit hohen Behandlungskostemerbunden[10]. Um einenpathologischen
Zahnverschleif3n der Frihphase zu erkennen, in demech mdglich istmittels minimal-invasive
Methoden funktionelleund strukturelle Beschwerden zu behandehfordertneue Strategiefur die

Diagnoseund das Therapiemonitoringl].



VerschiedeneKonzepte zur Behandlung von generalisiert&@ahnverschleil3 sind in Literatur
vorgestellt worder]9, 12]. Eines davon istder Einsatz vonCAD/CAM-Kompositen welcher eine
interessante Alternative zur Keramikrestauratdarstellt[13, 14] Aufgrund ihrer standardisierten
Fertigung und reproduzierbare Materialeigenschaftenscheinen kunststoffbasierte CAD/CAM
MaterialiendendirektenKompositestaurationeriberlegerzu sein[15]. CAD/CAM-Polymerehaben
auchgegenuber Glaskeramiken mehr¥i@teile: Sie sindnicht nureinfacher und kostengunstiger zu
verarbeitensondern ermdglichen audine leichtereReparatur undlie Moglichkeitder Herstellung
dinne Restaurationeei minimalkinvasiven Behandlungkonzept[13, 16] Allerdings haben sie im
Vergleich zu Keramikenmeist mindere mechanische Eigenschaften, wium Beispié die
Verschleil3raten, elchefir eineLangzeitstabilitatder Restaurationemon giof3erBedeutungsind[17,
18]. Die sparlicheDatenlagezu klinischen Verschlei3raten von CAD/CAKlompositenbei Patienten

nach prothetischeesamtehabilitation wader Grundr die Durchfiihrung beider Arbeiten.

Es gibt viele Mdglichkeiten azir klinischen Verschlei@messungvon Zahnhartsubstanz der
Restaurationsmatefen [19]. Sie lassen sich in direkte unddirekte Methoden einteilerDirekte
Methoden umfassen die Vvisuellequalitative Evaluation der Zahrharsubstanz bzw. des
Restauratiormaterias. In der Literatur finden sich verschiedene Bewertungssystemdemiiel eine
Standardisierung sowie eine gewisse Praktikabilitat Hiitblick auf die zahnarztlichePraxis
einzufiihren[20]. Die bekanntesten Systeme zur Bewertung des Zahnhartsubstanzverlustes sind der
Eccles IndeX21], Tooth Wear Index (TWIR2], Lussi indeX23] und Basic Erosive Wear Examination
(BEWE) [24]. Diese subjektive Bewertungen konnen als semiqutative Verfahren angesehen
werden sind jedoch in ihrerAussagekrafeingeschranktda sie stark wo Untersucherabhéngigsind

und keine Quantifizierungdes Substanzverlustes erlauj@d, 26] Nichtsdestotrotzwerden diese

einfachen und schnellen Bewertungssystdraefigin epidemiologischen Studiegingesetzf3].



Indirekte Methoderzur objektiven Quantifizierung va Verschlei3raten von Zahnhartsubstanz oder
Restaurationen  sind kostspielig, zeitaufwendig und technischanspruchsvoll Fir die
VerschleilBmessungewerden hauptsachlichprazise Gipsmodelle#erwendet die mittels Tast oder
Laserprofilometrie mibbptischen @ Scannerrdigitalisiert werden[27-29]. Darausergbt sich eine
Punkewolke mit x, y-, z Koordinaten, die dann zu eine®b-Datenretz rekonstruiert wd [27, 30]

Die VerschleilRparameter werden dann duealke sequenzielledigitale Datenltberlagerung Uber die
Bereiche,in denenminimale bs keine Veranderungedetektiert werderdurch dieentsprechende
Software berechneGegenwartig wrden in der Literatur verschiedene Protokatie unterschiedlichen
Verfahren zur Herstellung vdaipsmodellenScanneroder Softwareeigenschaften witnstellungen

sowieAuswertungsmethoddreschriebefil9].

Ziel der vorliegendenDissertationwaren die VerschleiRraten von LithiwbDisilikat-Keramik und
CAD/CAM-gefertigten Komposit Restaurationen bei Patienten naallstandiger, bimaxillarer
prothetische Rehabilitationzu quantifizeren Die vorliegende Arbeit beschaftigt sich dabei mit
folgenden beiden Themenkomplexelie jeweils in einer Publikation abgebildet sind
1. Dem Vergleich der Verschleil3raten zwischen LithiDisilikat-Keramik- und CAD/CAM-
gefertigten Komposiestaurationen des 1. Molarach 2 Jahren
2. Dem Vergleich der VerschleiBraten zwischen LithiDisilikat-Keramik und CAD/CAM-
gefertigten Komposiestauratioan zwischenPramolaren und MolareRestauratioan nach 3

Jahren

Die vorgestellten Arbeiten wurden in der Poliklinik fur Zahnarztliche Prothetik durchgefiihrt. Die
Konzeption der Studie erfolgte in Zusammenarbeit mit Prof. Dr. med. destrdderik Guth, Prof. Dr.

med. dent. Daniel Edelhoff und PD.Dned. dent. Christine Keul. Die gesamte Datenauswertung wurde
nach Einarbeitung durch Dr. Kurt Erdelt von mir eigenstindig durchgefiihrt. Die statistische
Auswertung erfolgte nach Anleitung durch Dr. Kurt Erdelt durch mich. Die beiden vorgestellten

Manuskipte wurden nach Anleitung durch Prbii. med. dentJanFrederik Giith selbstandig verfasst.



2E geAndbei t en

2.1 Original arbeit: Guth JF, Erdelt K, Keul C, Burian G, Schweiger J, Edelhoff D. In vivo
wear of CAD-CAM composite versus lithium disilicate full coerage first-molar
restorations: a pilot study over2 years.Clin Oral Invest 24, 4301 4311 (2020)

(https://doi.org/10.1007/s00784920-032945) IF 2020: 3.573

Zusammenfassung

Ziel: Das Ziel der vorliegenden Arbeit war @& VerschleiRrateantagonistischreRestaurationen aus
einem experimentellen CAD/CAMomposit und LithiumDisilikat-Keramik bei Patienten mit
rekonstruierter vertikalerDimension der Okklusion (VDO) nach generalisiteem Verlust der

Zahnhartsubstamguantifiziertund verglichen.

Material und MethodeZwolf Patienterwurden mit Resurationerentwedeiaus CAD/CAMKomposit

oder LithiumDisilikat-Keramik rehabilitiert. Fur die VerschleiRuntersuchung wurdetie
Restaurdbnen des 1. Molarenn = 48) ausgewahltBei jahrlichen Kontrollterminen wurden
Polyetherdformungen genommen und die resultierenden G@apslelle unter Verwendung eines
Laborscannerdigitalisiert. Die durchschnittliche Beobachtungsdauer betrug 371 Tiagden ersten
und 769 Tage fureh aveiten Kontrolltermin.Die resultierenden Datensat@e = 96)wurden durch
Uberlagerung von 3MDatensatzen mit einer iterativen B&st-Methode analysiert. Basierend auf den

Uberlagerungsdaten wurden die VerschleiBraker okklusalen Kontaktflachdserechnet.

Ergebnisse: Bei antagonistischen Restaurationen au8DCAM-Komposit (COMP) lag die
durchschnittliche Verschleil3rate bei 24,8 + 13,3 um/Monat, likium-Disilikat-Keramik (LS2)bei
9,5 = 4,3 pm/Monat im erstefahr mit signifikanten Unterschieden (p €@1) zwischen debeiden
Materialien. Im zweiten Jahr nahmen die monatlichen Verschleil3raten fur beide Materialien signifikant
ab: COMP (16,2 + 10,7 pm/Monat) und LS2 (5,5 + 3,3 um/Monat). Der statistischee\¢érgler
Tragezeit zeigte signifikante Unterschiede fir beide Materialien: COMP p < 0.037 und LS2 p < 0.001.

6


https://doi.org/10.1007/s00784-020-03294-5

Eine logarithmische Anpassung (COMP R2.681; LS2 R2 = ®38) der Daten wurde berechnet, um

den VerschleiRverlauf abzuschatzen.

SchlussfolgerungBei Patienten mit rekonstruierté DO zeigen Restaurationen aushium-Disilikat-

KeramikniedrigereVerschlei®atenalsdie aus experimentellem CAD/CAMomposit. Im Falle einer
Gesanganierungles Gebissesind CAD/CAM-Kompositestaurattnenim kaulasttragensh Bereich
aufgrund ihre okklusalen Verschleifaten kritisch zu sehen Jedochsollte bei der Auswahl eines
Restauratiosmaterials nicht nur die funktionelle okklusale Stabilitat berlicksichtigt werden, sondern
auch dieMoglichkeit eirer minimakinvasiven, ggf. préparationfreieBehandlungunter maximalem

Erhalt der natirlichen Zaharsubstanin Betracht gezogen werden
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Abstract

Objectives To present a digital approach to measure and compare material wear behavior of antagonistic first molar restorations
made of an experimental CAD/CAM composite (COMP) and lithium disilicate ceramic (LS2) in patients with reconstructed
vertical dimension of occlusion (VDO) after generalized hard tissue loss.

Methods A total of 12 patients underwent complete full jaw rehabilitation with full occlusal coverage restorations made either of
COMP or LS2. The first molar restorations (# = 48) were chosen for wear examination. At annual recall appointments, polyether
impressions were taken, and resulting plaster casts were digitalized using a laboratory scanner. Mean observation period was
371 days for first and 769 days for second year. The resulting 96 datasets were analyzed by superimposition of 3-D datasets using
an iterative best-fit method. Based on the superimposition data, the wear rates of the occlusal contact arcas (OCAs) were
calculated.

Results Forantagonistic restorations made of COMP, the average wear rate was 24.8 = 13.3 um/month, while for LS2, it was 9.5

+4.3 um/month in first year, with significant differences (p < 0.0001) between the materials. In second year, monthly wear rates
decreased significantly for both materials: COMP (16.2 + 10.7 pm/month) and LS2 (5.5 + 3.3 um/month). Statistical comparison
between wear time showed significant differences for both materials: COMP p <0.037 and LS2 p<0.001. A logarithmic fit
(COMP R* =0.081: LS2 R* = 0.038) of the data was calculated to estimate the wear progression.

Significance In patients with reconstructed VDO, restorations made of LS2 show a more stable wear behavior than ones out of
experimental CAD/CAM composite. In cases of complete rehabilitation, load bearing CAD/CAM-composite restorations should
be critically considered for application due to their occlusal wear behavior. However, when choosing a restorative material, not
only the functional occlusal stability should be taken into account but also the prospect of minimally invasive treatment with
maximum preservation of natural tooth structures.

Keywords Abrasion - Wear - Dental materials - CAD/CAM composite - Lithium disilicate - Wear behavior

Introduction there are three main reasons which lead to worn dentition (ero-

sion/bio corrosion, abrasion, and attrition), and previous studies
Tooth wear is a condition of growing concern these days. Loss showed that these wear mechanisms show mutual interactions
of dental hard tissue has a multifactorial etiology. Basically, [1, 2]. Possible consequences of an accelerated loss of hard
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tissue can be a reduced vertical dimension of occlusion (VDO),
an increased tooth sensitivity, and changes in esthetics and func-
tion. The rising prevalence and incidence of this complex con-
dition forces dentists to develop new strategies for diagnosis,
patient monitoring, and treatment in order to react as early and
effectively as possible, using minimal invasive methods [3, 4].

CAD/CAM polymers, also termed high-performance poly-
mers (HPP), have been introduced to the market as an alter-
native to ceramics [5, 6]. Polymerized following industrial
standards and processed by subtractive methods using CAD/
CAM technology, the mechanical properties of these materials
are considered to be superior to those of direct polymers [7].
However, the possible applications of CAD/CAM polymers
clearly depend on their individual chemical composition, as
the individual parameters significantly influence their me-
chanical properties [8]. Today, these CAD/CAM polymers
on the basis of highly cross-linked PMMA resins or filled
composites are offered by numerous manufacturers. They at-
tract interest in different fields in dentistry and allow numer-
ous novel treatment options [9, 10].

Currently, CAD/CAM polymers on the basis on PMMA are
used as long-term temporary restorations during extended pre-
treatment phases of up to 2 years [11]. Their material properties
allow ultra-thin restoration designs, which dispense extensive
tooth preparation and lead to significant dental hard tissue pres-
ervation [12, 13]. However, the prospective transition to defin-
itive ceramic restorations requires the clinician to prepare the
teeth to ensure an adequate occlusal thickness and an appropri-
ate edge design for the restorations [14]. Inevitably, this may
lead to an additional loss of tooth structure.

Keeping this in mind, CAD/CAM polymers on the basis of
highly filled composites might constitute a new definitive treat-
ment approach without or with only minimal hard tissue loss.
These polymers harbor favorable grinding/milling properties,
and due to low modulus of elasticity, it results in higher edge
stability, so that these polymers can be used in thinner designs
than ceramic materials [10]. Some manufacturers have been of-
fering similar materials for several years now and recommend
their application as definitive restorations under clinical condi-
tions. So far, no clinical data have been available on the long-
term behavior of these restorations. The main limitation is that
clinical research presents many challenges as patient recruitment,
funding, and extended time to accumulate some reliable data on
clinical restoration changes. Many different 3-D measuring tech-
niques were used in the past, to provide quantitative data on
dental materials wear [15, 16]. These comparable methods were
used in previous studies mostly reporting on the wear of single
posterior composite crowns to be around 40 pum/year [17, 18].
The difference to the present study is that single crowns located
within a tooth row were evaluated, but not a full arch reconstruc-
tion was conducted out of composite material. It can be assumed
that in the previous studies the single crowns were protected by
adjacent structures, which could result in comparable wear to

@ Springer

adjacent structures. Whereas when a full mouth reconstruction
is carried out, the wear behavior of the CAD/CAM polymers
might be different especially if, as in the present study, they are
to be used to maintain the reconstructed vertical dimension of
occlusion (VDO).

The purpose of this clinical pilot study was (1) to present,
apply, and evaluate a digital method for measuring wear in a
clinical setting and (2) to assess the wear behavior of two restor-
ative materials in patients with a reconstructed VDO after a gen-
eralized loss of tooth structure. In this study, an experimental
CAD/CAM composite was compared with a lithium disilicate
ceramic regarding longitudinal abrasion characteristic over
2 years. The null hypothesis of the study was that the restorations
made of the experimental CAD/CAM composite exhibit similar
wear rates as restorations made of lithium disilicate ceramic.

Materials and methods
Patients

The study was performed in accordance with the Code of
Ethics of the World Medical Association (Declaration of
Helsinki) after approval by the Ethics Committee of the uni-
versity hospital of LMU Munich (012-12; 541-12).

A total of 12 (7 males, 5 females; mean age, 36.3 +
9.4 years) patients with changes in the vertical dimension of
occlusion (VDO) due to loss of hard tissues were included in
the study. In all patients, restoring the vertical dimension of
occlusion with full arch antagonistic restorations in both jaws
was indicated (no-prep occlusal veneers, partial crowns, or
full crowns). Canine-guided occlusion through rehabilitation
was achieved in every patient. The following inclusion criteria
for study participation were defined:

» Age above 18 years and under 70 years.

» Appropriate, at least average oral hygiene.

» Extended decrease of the vertical dimension of occlusion
(VDO) due to attritional, abrasive, erosive, or pathological
damage to the tooth structure.

* Indication for a minimum of 12 restorations in antagonis-
tic jaws.

* Healthy/treated periodontal tissues (at most grade 1 tooth
mobility).

* Pregnant and breastfeeding women were excluded from
the study.

All patients participating in the study were informed about
the background of the study and the risks associated with it
and gave their informed consent.

The patients were divided into two groups:
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1) Group COMP included 6 patients, who received ad-
hesively bonded CAD/CAM restorations (n = 168)
made of experimental, industrially polymerized com-
posite blocks.

2) Group LS2 consisted of 6 patients, who received mono-
lithic ceramic restorations (n = 168), as control group.

The wear rate was determined based on the first molar
restorations (COMP n=24; LS2 n=24) in the maxilla and
mandible. Measurements were performed after first and sec-
ond year for each first molar which resulted in 96 post control
datasets. An overview of the study process is shown in Fig. 1.

Treatment and laboratory procedures

The experimental composite material (Ivoclar Vivadent, Schaan,
Liechtenstein) consisted of 22% V; matrix (dimethacrylate) and
78% Vi filler (barium glass fillers, 15%; ytterbium trifluoride,
9%; mixed oxides, 44%; silicon oxides, 3%; copolymers, 7%).
The material used in this study exhibited the manufacturer’s
properties which were as follows: flexural strength =167 MPa,
modulus of elasticity = 11.4 GPa, Vickers hardness =915 MPa,
and water absorption after 7 days = 28 pg/mn’.

Mechanical properties of used lithium disilicate ceramic
(IPS e.max Press, Ivoclar Vivadent, Schaan, Liechtenstein) ac-
cording to manufacturer are as follows: flexural strength =400
+40 MPa, modulus of elasticity =95+ 5 GPa, and Vickers
hardness = 5900 + 100 MPa (https://www.ivoclarvivadent.
com/en/p/laboratory-professional/products/all-ceramics/ips-
emax-technicians/ips-emax-press).

The clinical procedure in both groups was conducted cor-
responding to the state of the art in current adhesive (minimal-
ly invasive) restorations. Necessary core build-ups were made
with direct low viscosity (Tetric EvoFlow, Ivoclar Vivadent,

Schaan, Liechtenstein) and/or high-viscosity composites
(Tetric EvoCeram, Ivoclar Vivadent, Schaan, Liechtenstein)
and a multi-step adhesive system (Syntac, Ivoclar Vivadent,
Schaan, Liechtenstein). Impressions were taken with
polyether (Permadyne/Impregum Penta, 3 M, Seefeld,
Germany) by an individualized Rimlock tray. Fabrication of
the restorations was completed in a dental laboratory by an
experienced dental technician.

COMP restorations were designed and manufactured using
the Cerec system (CEREC InLab V3.86, Dentsply Sirona,
Bensheim, Germany), with the following settings: proximal
contacts strength = 75 um, occlusal contact strength =25 pm,
and adhesive gap =20 um. Before placing the composite res-
torations, the inner surfaces were prepared using modified
Rocatec procedure (Rocatec soft 30 um; 1 bar; nozzle dis-
tance, 2 cm; 5s blast time per unit) and conditioned with
Monobond Plus (Ivoclar Vivadent, Schaan, Liechtenstein).

LS2 restorations were fabricated using the press technique.
The inner surfaces of the lithium disilicate restorations were
etched with 5% hydrofluoric acid (IPS Ceramic Etching Gel,
Ivoclar Vivadent, Schaan, Liechtenstein) for 20 s, rinsed with
air/water spray for 60 s, and cleaned in ultrasonic bath for next
60 s. Then, silan coupling agent as part of Monobond Plus
(Ivoclar Vivadent, Schaan, Liechtenstein) was applied for
60 s.

Adhesive bonding in both groups was performed with
Total Etch & Rinse technique using Syntac (Ivoclar
Vivadent, Schaan, Liechtenstein) in combination with the
Variolink II (Ivoclar Vivadent, Schaan, Liechtenstein) and
light curing, following the manufacturer’s instructions. If nec-
essary, occlusal adjustments in static and dynamic occlusion
were performed with ball-shaped diamond finishing bur (8801
314 018, Komet Dental, Lemgo, Germany) and water spray
application. Finally, the adjusted occlusal areas were polished

Fig. 1 Overview of the study
. T
design and procedure
1~ GROUP LS2 GROUP COMP
g 6 patients 6 patients
E 24 restorations on first molars 24 restorations on first molars
[
] | |
(] BASELINE data BASELINE data
5 FOLLOW-UP data 1 year (N = 24) FOLLOW-UP data 1 year (N = 24)
'u_: FOLLOW-UP data 2 year (N = 24) FOLLOW-UP data 2 year (N = 24)
5 'l Il
=]
g | |
<
< hd ¥
'E 3D DATA SUPERIMPOSITION
e filtering the records by a mean superimposition error of
i i
0 ¥ ¥
2 GROUP LS2 GROUP COMP
g N=48 N=39
< Determination of wear rates Determination of wear rates
@ Springer
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by adequate polishing sets (Composite: Set 4312A, Ceramic:
4313B, Komet Dental, Lemgo, Germany).

Baseline and follow-up

To investigate the wear behavior of the restorations in both
groups, dental impressions with a polyether impression material
(Impregum Penta, 3M Espe, Seefeld, Germany) were taken after
adhesive bonding and occlusal adjustments of the restorations
(baseline). The impressions were poured between 24 and 48 h
with type IV dental stone (Plurastone, Pluradent, Offenbach,
Germany). The resulting plaster casts were stored at room tem-
perature 21 °C £+ 1 °C. All gypsum models were scanned with a
laboratory scanner (D810, 3Shape, Copenhagen, Denmark). All
follow-up recalls were performed by the same experienced cli-
nician at approximate 12-month interval after clinical loading.
Mean observation period in both groups was 371 + 106 days
(first year) and 769 + 102 days (second year).

Processing of datasets

The resulting STL datasets at baseline and follow-up recalls
were imported into the Geomagic Qualify 2012 surface
matching analytical software (Geomagic Inc., Morrisville,
NC, USA). As a first step, the individual restored first molars
of the digital models were isolated and stored as separate
datasets in order to facilitate a restoration-related analysis.
The data points below the tooth equator were eliminated.
Subsequently, the recall data were superimposed with the
baseline data, initially highlighting the entire restauration sur-
face of the reference dataset and the follow-up dataset using a
best-fit method. The result of this overlay was visually evalu-
ated and the average overlay error determined. Next best-fit
alignment was conducted only over those surfaces in which
the deviation was less than the overlay error. This procedure
was iterated until the overlay error no longer decreased. Only
datasets with an overlay error of less than 15 pm were further
processed (COMP n =39; L2S n =48). Figure 2 illustrates an
example of the procedure. The error of the superimposition
was documented for each specimen individually.

a

Fig. 2 Example of the iterative approach to the overlay of baseline and
follow-up datasets: a overlay over the entire occlusal surface; b color-
coded representation of the differences between baseline and follow-up
data after the first overlay; ¢ exclusion of areas with antagonistic wear, to
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This iterative approach allowed to delineate those areas of
the restorations that showed signs of wear. After completion of
the superimposition, the differences between the datasets were
visualized by color-coded pictures which reproduced wear
caused by the antagonist restoration. Only areas in which wear
could be detected (blue color coding) were selected for further
wear analysis. The distance data was exported and stored as
individual result files (.csv). Figure 3 shows an example of the
wear behavior based on color-coded representation.

Wear evaluation

The resulted files were imported into a statistics program
SPSS (version 25, IBM, Armonk, NY, USA) and prepared
for further analysis of wear. Subsequently, the average wear
depth and the maximum wear depth were calculated perpen-
dicular to the surface of the restoration. To ensure compara-
bility of data in spite of different times in situ, wear was cal-
culated by dividing the values by the number of wear days.
Afterwards, the average wear rate per month and the average
maximum wear rate per month were determined for the mate-
rial groups. Furthermore, the data were analyzed for signifi-
cant differences between the groups of materials (Mann-
Whitney U test). The p value was set at 0.05.

Results
Superimposition error results

A prerequisite for further analysis was a superimposition error
between baseline and follow-up datasets less than 15 um after
data overlay (Fig. 4). It turned out that the follow-up data for
the experimental CAD/CAM composite caused larger super-
imposition errors in overlaying process than lithium disilicate.
The group COMP exhibited a mean overlay error of 11.9 +
4 um after first-year follow-up, compared with 9.3 £2 pm in
the group LS2. Furthermore, second-year follow-up datasets
results confirmed increased superimposition errors in both
groups. Group COMP showed an overlay error of 14.6 +
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0.041
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-0.010
-0.041
-0.073
-0.104
-0.136
-0.167
-0.199

achieve fitting of the areas that are not changing; d color-coded represen-
tation of the differences between baseline and follow-up data after
superimposing and exclusion of the worn surfaces. This procedure was
iterated until the overlay error no longer changed
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Fig. 3 Color-coded
representation of the abrasion
behavior: a clinical photograph
taken at baseline after restoration
with lithium disilicate ceramics, b
clinical photograph taken at the
24-month follow-up (worn sur-
faces were later marked in red), ¢
color-coded representation of the
deviations following data overlay,
d clinical photograph at baseline
after restoration with an experi-
mental CAD/CAM composite, e
clinical photograph taken at the
12-month follow-up (worn sur-
faces were later marked in red)

7 um, which was significantly higher in relation to first-year
values. As a consequence, more datasets had to be excluded in
second year. Group LS2 remained near constant with mean
superimposition error of 9.4 + 1 um. Filtering out the datasets
with overlay errors less than 15 pm, the number of analyzed
records was reduced to 39 in group COMP. All lithium
disilicate ceramics fulfilled these criteria, and 48 records were
included for further analysis.

Average wear rates per month

The values for the wear rates per month in first and second
year after placement for COMP and L2S are shown in Table 1.
Table 2 shows results of wear rates per year. The Kolmogorov-
Smirnov test showed that no normal distribution of values was
present; thus, the Mann-Whitney U test was used for statistical
comparison between materials and wear time.

Analyzing first-year data showed statistically significant
differences (p <0.001) between COMP (24.8 +£13.3 pum/
month) and LS2 (9.5+4.3 um/month). Second-year data
showed decreased wear rates per month for both materials,
still with significant differences (» <0.001): COMP (16.2 +
10.7 um/month) and LS2 (5.5 +3.3 um/month). Statistical

comparison of wear between first and second year showed
significant differences for both materials: COMP p <0.037
and LS2 p <0.001. The results are shown in Fig. 5.

Maximum wear rates per month

The values for the maximum depth of wear per month
in first and second year are shown in Table 3 and
Fig. 6. The Kolmogorov-Smirnov test showed that no
normal distribution of values was present; thus, the
Mann-Whitney U test was used for statistical compari-
son between materials and wear time. The average max-
imum wear rate across all restorations made of the ex-
perimental CAD/CAM composite was 76 £42.9 pm/
month which was significantly different (»p <0.001) from
the average maximum wear rates of 36.1+22.6 pm/
month for restorations made of lithium disilicate ce-
ramics in first year. In second year, exhibited maximum
wear rates decreased for both materials: COMP 45+
23.3 pm/month and LS2 19.9+14.3 pm/month; these
results still showed significant differences (p <0.001).
Figure 6 shows the corresponding box plots.
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