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1 Einleitung

Der nicht-kariogene Verlust von Zahnhartsubstanz stellt eine zunehmende Herausforderung fir die
zahnmedizinischen Versorgung weltweit dar [1]. Dies spiegelt sich unter anderem in der zunehmenden
Zahl an Publikationen Uber die letzten Jahrzehnte wider [2]. Hinsichtlich der Altersverteilung ist zu
beobachten, dass bei einem Groliteil an &lteren Patienten auch zunehmend jiungere Menschen unter

einem Verlust der Zahnhartsubstanz leiden [3, 4].

Die Zahne sind einer Vielzahl von Faktoren ausgesetzt, die (ber eine Lebensspanne zu einem
sukzessiven Verlust an Zahnhartsubstanz fiihren, unter anderem chemische und physikalische Faktoren
[5]. Chemische Noxen fihren zur Erosion, die aufgrund der pH-Wertverschiebung eine
Demineralisation des Zahnschmelzes und spater auch des Dentins auslost [6]. Zu physikalischen
Ursachen gehdren Abrasion und Attrition. Als Abrasion bezeichnet man ein Verschleilmuster, das
durch Interaktion zwischen Zéhnen und Fremdkdrpern entsteht, wahrend Attrition durch Zahn-Zahn-
Kontakt bedingt ist [7]. Die beschriebenen Verschleiimechanismen zeigen Wechselwirkungen sowie
einen potenzierenden Effekt, der letztendlich zu einem zunehmendem Verlust an Zahnhartsubstanz fiihrt
[7]. Der alterskorrelierte, pathologisch erhohte Verlust an Zahnhartsubstanz &ufert sich in erhéhter
Zahnempfindlichkeit, sowie funktionellen und asthetischen Beeintrachtigungen, die sich negativ auf die

dentale Funktionalitdt und die Lebensqualitdt auswirken [8].

Die steigende Prdvalenz von Abrasions- und Erosionsgebissen stellt Kliniker vor groRe
Herausforderungen, da diese meist eine komplexe prothetische Rehabilitation erfordern [9]. Die
zeitintensive Wiederherstellung der Kaufunktion und der Asthetik erfordert ein hohe Patienten-
Compliance und ist meist mit hohen Behandlungskosten verbunden [10]. Um einen pathologischen
Zahnverschlei3 in der Friihphase zu erkennen, in der es noch mdglich ist mittels minimal-invasiver
Methoden funktionelle und strukturelle Beschwerden zu behandeln, erfordert neue Strategien fur die

Diagnose und das Therapiemonitoring [11].



Verschiedene Konzepte zur Behandlung von generalisiertem Zahnverschlei sind in Literatur
vorgestellt worden [9, 12]. Eines davon ist der Einsatz von CAD/CAM-Kompositen, welcher eine
interessante Alternative zur Keramikrestauration darstellt [13, 14]. Aufgrund ihrer standardisierten
Fertigung und reproduzierbaren Materialeigenschaften scheinen kunststoffbasierte CAD/CAM-
Materialien den direkten Kompositrestaurationen tberlegen zu sein [15]. CAD/CAM-Polymere haben
auch gegentiber Glaskeramiken mehrere Vorteile: Sie sind nicht nur einfacher und kostengunstiger zu
verarbeiten, sondern ermdglichen auch eine leichtere Reparatur und die Mdglichkeit der Herstellung
diinner Restaurationen bei minimal-invasivem Behandlungskonzept [13, 16]. Allerdings haben sie im
Vergleich zu Keramiken meist mindere mechanische Eigenschaften, wie zum Beispiel die
VerschleiRraten, welche fiir eine Langzeitstabilitat der Restaurationen von groRer Bedeutung sind [17,
18]. Die sparliche Datenlage zu klinischen Verschleifiraten von CAD/CAM-Kompositen bei Patienten

nach prothetischer Gesamtrehabilitation war der Grund fur die Durchfuhrung beider Arbeiten.

Es gibt viele Mdglichkeiten zur klinischen Verschleilmessung von Zahnhartsubstanz oder
Restaurationsmaterialen [19]. Sie lassen sich in direkte und indirekte Methoden einteilen. Direkte
Methoden umfassen die visuelle, qualitative Evaluation der Zahnhartsubstanz- bzw. des
Restaurationsmaterials. In der Literatur finden sich verschiedene Bewertungssysteme, mit dem Ziel eine
Standardisierung sowie eine gewisse Praktikabilitit mit Hinblick auf die zahndrztliche Praxis
einzufiihren [20]. Die bekanntesten Systeme zur Bewertung des Zahnhartsubstanzverlustes sind der
Eccles Index [21], Tooth Wear Index (TWI) [22], Lussi index [23] und Basic Erosive Wear Examination
(BEWE) [24]. Diese subjektiven Bewertungen koénnen als semiquantitative Verfahren angesehen
werden, sind jedoch in ihrer Aussagekraft eingeschrénkt, da sie stark vom Untersucher abhéngig sind
und keine Quantifizierung des Substanzverlustes erlauben [25, 26]. Nichtsdestotrotz, werden diese

einfachen und schnellen Bewertungssysteme haufig in epidemiologischen Studien eingesetzt [3].



Indirekte Methoden zur objektiven Quantifizierung von VerschleiBraten von Zahnhartsubstanz oder
Restaurationen  sind  kostspielig, zeitaufwendig und technisch anspruchsvoll. Fur die
VerschleiBmessungen werden hauptséchlich prazise Gipsmodelle verwendet, die mittels Tast- oder
Laserprofilometrie mit optischen 3-D Scannern digitalisiert werden [27-29]. Daraus ergibt sich eine
Punktewolke mit x-, y-, z- Koordinaten, die dann zu einem 3D-Datennetz rekonstruiert wird [27, 30].
Die VerschleiRparameter werden dann durch eine sequenzielle, digitale Dateniiberlagerung uber die
Bereiche, in denen minimale bis keine Ver&nderungen detektiert werden durch die entsprechende
Software berechnet. Gegenwartig werden in der Literatur verschiedene Protokolle mit unterschiedlichen
Verfahren zur Herstellung von Gipsmodellen, Scanner- oder Softwareeigenschaften und -Einstellungen

sowie Auswertungsmethoden beschrieben [19].

Ziel der vorliegenden Dissertation waren die VerschleiBraten von Lithium-Disilikat-Keramik und
CAD/CAM-gefertigten Komposit Restaurationen bei Patienten nach vollstandiger, bimaxillarer,
prothetischer Rehabilitation zu quantifizieren. Die vorliegende Arbeit beschéftigt sich dabei mit
folgenden beiden Themenkomplexen, die jeweils in einer Publikation abgebildet sind:
1. Dem Vergleich der VerschleifRraten zwischen Lithium-Disilikat-Keramik- und CAD/CAM-
gefertigten Kompositrestaurationen des 1. Molars nach 2 Jahren.
2. Dem Vergleich der Verschleifiraten zwischen Lithium-Disilikat-Keramik- und CAD/CAM-
gefertigten Kompositrestaurationen zwischen Pramolaren und Molaren Restaurationen nach 3

Jahren.

Die vorgestellten Arbeiten wurden in der Poliklinik fir Zahnérztliche Prothetik durchgefiihrt. Die
Konzeption der Studie erfolgte in Zusammenarbeit mit Prof. Dr. med. dent. Jan-Frederik Giith, Prof. Dr.
med. dent. Daniel Edelhoff und PD Dr. med. dent. Christine Keul. Die gesamte Datenauswertung wurde
nach Einarbeitung durch Dr. Kurt Erdelt von mir eigenstdndig durchgefiihrt. Die statistische
Auswertung erfolgte nach Anleitung durch Dr. Kurt Erdelt durch mich. Die beiden vorgestellten

Manuskripte wurden nach Anleitung durch Prof. Dr. med. dent. Jan-Frederik Gith selbsténdig verfasst.



2 Eigene Arbeiten

2.1 Originalarbeit: Guth JF, Erdelt K, Keul C, Burian G, Schweiger J, Edelhoff D. In vivo
wear of CAD-CAM composite versus lithium disilicate full coverage first-molar
restorations: a pilot study over 2 years. Clin Oral Invest 24, 4301-4311 (2020)

(https://doi.org/10.1007/s00784-020-03294-5) IF 2020: 3.573

Zusammenfassung
Ziel: Das Ziel der vorliegenden Arbeit war es die Verschleilraten antagonistischer Restaurationen aus
einem experimentellen CAD/CAM-Komposit und Lithium-Disilikat-Keramik bei Patienten mit

rekonstruierter vertikaler Dimension der Okklusion (VDO) nach generalisiertem Verlust der

Zahnhartsubstanz quantifiziert und verglichen.

Material und Methode: ZwoIf Patienten wurden mit Restaurationen entweder aus CAD/CAM-Komposit

oder Lithium-Disilikat-Keramik rehabilitiert. Fir die VerschleiBuntersuchung wurden die
Restaurationen des 1. Molaren (n = 48) ausgewahlt. Bei jahrlichen Kontrollterminen wurden
Polyetherabformungen genommen und die resultierenden Gipsmodelle unter Verwendung eines
Laborscanners digitalisiert. Die durchschnittliche Beobachtungsdauer betrug 371 Tage fiir den ersten
und 769 Tage fir den zweiten Kontrolltermin. Die resultierenden Datensétze (n = 96) wurden durch
Uberlagerung von 3D-Datensatzen mit einer iterativen Best-Fit-Methode analysiert. Basierend auf den

Uberlagerungsdaten wurden die VerschleiBraten der okklusalen Kontaktflichen berechnet.

Ergebnisse: Bei antagonistischen Restaurationen aus CAD/CAM-Komposit (COMP) lag die
durchschnittliche VerschleiRRrate bei 24,8 + 13,3 um/Monat, bei Lithium-Disilikat-Keramik (LS2) bei
9,5 + 4,3 um/Monat im ersten Jahr mit signifikanten Unterschieden (p < 0.0001) zwischen den beiden
Materialien. Im zweiten Jahr nahmen die monatlichen Verschleif3raten fur beide Materialien signifikant
ab: COMP (16,2 + 10,7 pm/Monat) und LS2 (5,5 + 3,3 um/Monat). Der statistische Vergleich der
Tragezeit zeigte signifikante Unterschiede fur beide Materialien: COMP p < 0.037 und LS2 p < 0.001.
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Eine logarithmische Anpassung (COMP R2 = 0.081; LS2 R2 = 0.038) der Daten wurde berechnet, um

den VerschleilRverlauf abzuschatzen.

Schlussfolgerung: Bei Patienten mit rekonstruierter VDO zeigen Restaurationen aus Lithium-Disilikat-

Keramik niedrigere VerschleiBraten als die aus experimentellem CAD/CAM-Komposit. Im Falle einer
Gesamtsanierung des Gebisses sind CAD/CAM-Kompositrestaurationen im kaulasttragenden Bereich
aufgrund ihrer okklusalen Verschleif3raten kritisch zu sehen. Jedoch sollte bei der Auswahl eines
Restaurationsmaterials nicht nur die funktionelle okklusale Stabilitat berticksichtigt werden, sondern
auch die Mdglichkeit einer minimal-invasiven, ggf. préparationfreien Behandlung unter maximalem

Erhalt der natrlichen Zahnhartsubstanz in 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
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g | |
<
< hd ¥
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i i
0 ¥ ¥
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g N=48 N=39
< Determination of wear rates Determination of wear rates
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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 +

0.199
0.167
0.136
0.104
0.073
0.041
0.010
-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.

Fig. 4 Overlay error of each 0 Lsz w© comp
molar specimen in accordance o 1year
with individual patients ° o
104 a0 o 2 years
E oo
20 20
F 15jwaey 1540 5o o &0
2 109°00  goog *9g9 090 gm0 of 10 eop 00 0o o* * O¥°
© ¥ o, ce%e ¥YBo_ ge8g vel?
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1 2 3 4 5 6 1 2 3 4 5 6
patient patient

@ Springer



4306

Clin Oral Invest (2020) 24:4301-4311

Table 1 Average wear rates per month [pm]

Time N Mean SD Median 95% CI1 IQR

LS2 lyear 24 946 431 8.67

2years 24 547 329 444
2476 1332 2492
1623 10.72 13.61

7.63/11.28  4.56
4.08/6.86 2.84
18.69/30.82  24.50
10.89/21.56 12.97

COMP 1 year 21

2 years 18

Wear in time axis

The progress of total wear over time for each specimen is shown
in Fig. 7. The following graph demonstrates continuous increase
of wear for both materials. Based on the previous statements, the
statistically significant decrease of wear rates per month over
time confirms that abrasion shows a time dependency. The
highest overall loss of restorative material occurred during the
first year of use, whereas between the first and second year, the
amount of wear decreases. Curve fitting was calculated and ad-
justed with SPSS to analyze time dependence of wear.

Two assumptions were made for curve fitting: (1) At
starting point, when restorations were placed, no wear had
occurred yet. (2) The total wear increases with time. Based
on these two assumptions, only linear and logarithmic func-
tions are possible. However, a linear function does not fulfill
assumption one, because it does not cross the y-axis at zero.
Therefore, linear increase of wear rates must be rejected.
Logarithmic function (COMP R* =0.081; L2S R* =0.038)
showed the best fit to these data points, as the function starts
almost at zero and increases continuously.

Discussion

The present clinical pilot study compared the wear behavior of
antagonistic monolithic restorations made of two materials:
experimental CAD/CAM composites and lithium disilicate
ceramics. To our best knowledge, the present study is the first
so far to compare wear of CAD/CAM composite versus CAD/
CAM composite with lithium disilicate versus lithium
disilicate in vivo conditions [19]. The results showed signifi-
cant differences in wear progress between these two materials
in patients that received full mouth rehabilitation. Restorations

Table 2 Mean wear rates per year [pum]
Time N Mean SD
LS2 1 year 24 113.52 51.72
2 years 24 65.64 39.48
COMP 1 year 21 297.12 159.84
2 years 18 194.76 128.64

@ Springer

made of the experimental CAD/CAM composite exhibited
higher wear rates than those made of lithium disilicate ce-
ramics. The null hypothesis must therefore be rejected.

The average wear rates per month were higher in first year
compared with the follow-up values in both groups. It should
be taken into consideration that these wear rates will decrease
every year as a possible consequence of the formation of the
occlusion wear facets.

While the wear area increases, the applied forces are dis-
tributed onto a larger area. This reduces the forces per area and
might the reason that wear rates are highest initially after plac-
ing the restorations, as restorations are adjusting to each other.
Longitudinal studies are still needed to confirm our expecta-
tions on this wear behavior in vivo for extended follow-up
intervals. As well, the possibility of non-contact area wear of
composites, that is caused by failure of composite compo-
nents, cannot be refused [20]. This might influence the accu-
racy of the superimposition and might even lead to higher
overall wear in the composite group, which even more sup-
ports the findings of this study.

Quantitative wear measurement acquired in this study’s
clinical setting was assessed using a new iterative ap-
proach. Measurements were performed on entire occlusal
surface on every first molar, using plaster casts after con-
ventional impression. To minimize potential errors of this
workflow, the overlay and analysis were performed for
each molar individually, to gain a certain independence
of adjacent structures. This made it possible to eliminate
at least the influence of overall distortions of impressions
and manufacture of plaster casts that could influence the
results [21]. In addition, the superimposition process was
iterated until the overlay error was no longer changed by
further superimposition. In this way, the best fit of base-
line and follow-up data over the areas that had not been
exposed to any antagonistic wear could be achieved.

For the quantitative measurement of vertical height loss of
antagonistic restorations, mean superimposition error of
15 um was determined as the standard deviation error be-
tween the data records. In vitro studies, the standard deviation
of superimposition has been described to be between 5 and
10 um [22]. Against that data, capturing under clinical condi-
tions seems to be more error prone and present higher varia-
tions; therefore, higher standard deviations up to 15 pum had to
be accepted. On the other side, data bellow tolerance of 15 um
were excluded in this study to receive most reliable data.
Based on individual bite forces and masticatory movements,
every investigated specimen exhibited different pattern of
abrasion. DeLong et.al reported that the estimation of super-
imposition for samples of clinical studies usually fluctuate
from 10 to 20 um per point; they considered the superimpo-
sition of less than 10 um to be an excellent fit, whereas a value
of more than 50 pum indicates a poor fit [15]. This goes in line
with other clinical investigations in measuring wear, where
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workflow inaccuracy in the range of 15-20 um was consid-
ered acceptable [18, 23-26]. Schmid-Schwap et al. [27] even
set the limit at 30 um for standard deviation/workflow inac-
curacies for molars as reasonable, as they are more difficult to
superimpose. However, this was stated for the wear of meth-
acrylate artificial teeth. In presented study, composite restora-
tions showed higher superimposition errors which may be
caused by non-antagonistic wear which is more pronounced
on composite than lithium disilicate ceramic [28].

Wear can be quantified using depth, area, and volume.
The connection and correlation of these parameters are
explained excellent by DeLong et al. [29]. However, the
methodology of wear measurements under clinical condi-
tions is currently intensively discussed [30-34]. In this
clinical study, the parameter of vertical height loss mea-
sured perpendicular to working surface was applied. The
calculation of volume changes under clinical conditions
seems to be very error prone. Most critical point is to de-
fine area for volume calculation, between exposed and
non-exposed area of wear. In contrast, the reproducibility
and comparability of these measurements were restricted,
due to high failure rate on assessing thin margins and dif-
ferent surface areas, what made this data unusable.
Furthermore, previous studies already elucidated the ad-
vantage of measuring vertical height loss compared with

Table 3 Maximum wear rates per month [pum]
Time N Mean SD Median 95% CI IQR
LS2 lyear 24 36.13 2255 3199  26.61/45.65 12.09
2 years 24 19.88 14.33 15.66 13.83/2593  7.24
COMP [ year 21 76.03 4291 7232 56.50/95.56 58.37
2 years 18 4506 2327 3886  33.49/56.63 23.50

14

1st year 2nd year

volumetric wear measurement. The main advantage is the
possibility of a direct quantification of wear and eliminat-
ing the influence of surface size [27, 31]. A combination of
vertical height loss and surfaces measurement was desir-
able; however, surface measurement underlay the same
trouble as volumetric measurements.

According to the biomimetics concept, the wear behavior
of dental restorations should ideally resemble physiologic
tooth enamel. However, clinical data on the wear behavior
of natural teeth is rare and varies widely. In the few existing
studies, the wear rates for natural enamel were found to be
about 1040 um/year [35-37]. The parameter that was com-
parable with the measurements reported in the literature seems
to be the mean wear rate per year. However, the results of
clinical trials showed considerable fluctuations [30]. The wear
rates differed significantly between different research groups;
Etman et al. [38] stated wear of 148 pum after first year for
lithium disilicate glass-ceramic posterior crowns, whereas
Kramer et al. [39] determined it as 78 pum after 4 year for
ceramic inlays made of lithium disilicate. Only very few stud-
ies investigated wear of posterior composite crowns in vivo
and reported wear to be around 40 pum/year, which is consid-
erably lower than values found in this study [17, 18].
Although there is an abundance of clinical data on the wear
characteristics of direct composite restorations, literature
shows a considerable variation in results from 50 to 200 um
per year [30, 40, 41]. It must be taken into account that these
studies compared wear rates with opposing enamel as an an-
tagonist. Besides that, direct composite resin restorations of
class I/I1 are protected by enamel which limits the conclusions
drawn in regard of biomechanical loading. Additionally, not
only antagonistic situation but also the clinical environment in
which the restorations are placed seems to play a role for wear
rates, and it is clear that wear rates might differ for single
restoration against different antagonists. In the present study,
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Fig.6 Maximum wear rates (pum/
month). Boxplots illustrate
median and IQR values. Circles
represent the outliers
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the patients received full mouth rehabilitation using either
CAD/CAM composite or lithium disilicate. In this clinical
constellation, restorations are not protected by adjacent struc-
tures like enamel or crowns from other materials with lower
wear rates. This means that the restorations in this study are
subjected to complete bite forces and have to carry the full
occlusal load either by opposing composite or ceramic. There
is still no reliable data on wear rates in clinical cases of pos-
terior restorations in cases of complete rehabilitation.
Therefore, it is challenging to validate the credibility of our
results. In this pilot study, wear was measured only on first
molars. Further analysis applying the same methodology
would also be considerable to make a distinction between
premolars and molars, as some studies confirmed wear was
more pronounced on molars than premolars [42, 43].

The analysis of the wear behavior of restorative mate-
rials and tooth structure in clinical cases poses two main
problems for scientists and clinicians: taking exact and
reproducible impressions and finding an adequate valid
and reliable method for analysis of wear. Distortions or
impression tolerances are two among other potential fac-
tors impairing the resulting cast quality [21, 44]. Moreover,

LSs2 150

-
(=3
=]
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total wear (um)
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o
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Fig. 7 Wear over time axis of each individual specimen
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the scanning process itself is prone to further inaccuracies,
affecting the measurement results [45]. To avoid errors due
to plaster cast fabrication, it is possible to scan impressions
directly; however, undercuts and steep tooth geometries
seem to limit this approach [46]. Also from the point of
accuracy, there seems no significant advantage due to dig-
itizing a conventional impression directly compared using
the poured plaster model [47]. A considerable change of
this step in the workflow would be the use of intraoral
scanner for digital impressions. However, in vivo studies
validated that conventional precision impression materials,
like polyether used in this study, still show higher precision
for full-dental arch impression compared with current
intraoral scanners systems [47, 48]. To exclude any influ-
ence of global distortion and inaccuracies of data acquisi-
tion, the present analysis is based on single tooth areas
after sectioning the virtual dataset. Against this back-
ground, an application of intraoral scanner seems to be
reasonable for further studies. Another limitation of the
present pilot study was the relatively small cohort size.
However, after an accumulated number of 87 numbers of
datasets, significant differences between the groups of

COmMP

... linear function
" logarithmic function

600 800
wear days
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materials could already be detected. Also, it can be pre-
sumed that our patients showed parafunctional behavior
after altering the VDO, which could lead to increased wear
of material during the first year. But so far, there is no
evidence based on well-controlled clinical trials regarding
this correlation [49]. However, based on the results for
both types of restorations and assuming functionally active
patients, an additional protective splint (night guard) may
be recommended to be used at least overnight to prevent
repeated early loss of vertical dimension.

To estimate the annual loss of vertical dimension, the av-
erage wear rates need be doubled because wear takes place in
both jaws. Nevertheless, potential dental compensation has to
be considered when this conclusion is drawn [50]. This would
mean a total loss of height of 49.5 wm/month in the posterior
region for restorations made of the experimental CAD/CAM
composite and 18.9 um/month for restorations made of lithi-
um disilicate ceramics in first year after placement. Based on
the assumption of logarithmic wear model, this trend might be
reduced over following years in function. However, this hy-
pothesis has to be proven in further studies. Seen from this
point of view, restorations made of lithium disilicate ceramic
seem to offer a more stable prognosis in terms of wear and
prevention in the long run.

On the other hand, CAD/CAM composite restorations also
have some advantages. These include the minimal invasive-
ness due to the better properties of CAD/CAM composite and
higher flexibility of the material compared with ceramics [51].
The characteristics of the polymeric material and the superior
edge stability facilitate procedures with very thin layers of the
material and with little depth of preparation margins—or even
without any preparation at all—which seems advantageous in
terms of maximum tooth conservation. Moreover, CAD/CAM
composite restorations have been associated with a more fa-
vorable wear behavior on the antagonistic enamel, which seen
from a biomimetic point of view should be preferable as tooth
structures will be preserved [52].

In summary, it can be concluded that in patients with a
generalized loss of tooth substance, partial coverage restora-
tions made of monolithic lithium disilicate ceramics to recon-
struct the VDO showed lower wear rates than similar restora-
tions made of an experimental CAD/CAM composite. Further
studies are necessary to show whether these results are also
valid for different clinical environments and settings, as well
as for natural enamel antagonists.

Conclusion

Within the limitations of the present experiment, the following
could be concluded. (1) COMP wore significant more than
L2S (16.2+10.7 pm/month vs 5.5+ 3.3 pm/month, p =
0.001) after 2 years, and (2) wear versus time decreased

16

following a logarithmic behavior. In cases of complete reha-
bilitation, load bearing CAD/CAM-composite
restorations crowns should be critically considered for appli-
cation due to their occlusal wear behavior.
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Zusammenfassung

Ziel: Das Ziel dieser Studie war die Quantifizierung und der Vergleich der VerschleilBraten von
Pramolaren (PM) und Molaren (M) Restaurationen aus Lithium-Disilikat-Keramik (LS2) und einem
experimentellen CAD/CAM-Komposit (COMP) im Rahmen einer komplexen prothetischen
Gesamtrehabilitation von Abrasionsgebiss mit Veranderungen in der Vertikaldimension der Okklusion

(VDO).

Material und Methode: ZwoIf Patienten mit pathologisch erhdhtem Zahnverschleil3 wurden prothetisch

mit antagonistischen Restaurationen rehabilitiert. Dazu wurde entweder eine Lithium-Disilikat-Keramik
(n = 6 Patienten, n = 16 posteriore Restaurationen/ Patient; N = 96 Restaurationen/ Jahr) oder ein
experimentelles CAD/CAM-Komposit (n = 6 Patienten, n = 16 posteriore Restaurationen/ Patient; N =
96 Restaurationen/ Jahr) verwendet. Die Daten wurden im Rahmen der jahrlichen Kontrolluntersuchung
erhoben (350 + 86d; 755 + 92d; 1102 + 97d). Jeder jahrliche Recalldatensatz von Prdmolar- und
Molarenrestaurationen (N = 192) wurde einzeln mit dem entsprechenden Basisdatensatz unter
Verwendung einer iterativen Best-Fit-Methode (iberlagert und verglichen. Der mittlere vertikale Verlust

der okklusalen Kontaktbereiche (OCAs) wurde fiir jede Restauration und fiir jede Recallzeit berechnet.

Ergebnisse: Fiir LS2-Restaurationen betrug die mittlere VerschleiBrate pro Monat fur das erste Jahr 7,5
+ 3,4 um (PM), 7,8 £ 2,0 um (M), fur das zweite Jahr 3,8 = 1,6 um (PM), 4,4 = 1,5 um (M), fur das
dritte Jahr 2,8 + 1,3 pm (PM), 3,4 = 1,7 pm (M). Bei COMP-Restaurationen betrug die mittlere
Abnutzungsrate pro Monat fur das erste Jahr 15,5 + 8,9 um (PM), 28,5 £ 20,2 um (M), flr das zweite
Jahr 9,2 £ 5,9 um (PM), 16,7 + 14,9 um (M) und fir das dritte Jahr 8,6 £ 5,3 um (PM), 9,5 + 8,0 um
(M). Drei COMP-Restaurationen versagten nach zwei Jahren und wurden daher in den 3-Jahres-

Ergebnissen nicht beriicksichtigt. Die Verschleiraten in der LS2-Gruppe zeigten signifikanten
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Unterschiede zwischen Pramolaren- und Molarenrestaurationen (p = 0,041; p = 0,023; p = 0,045). Die
VerschleiRraten in der COMP-Gruppe zeigten nur in den ersten beiden Jahren signifikante Unterschiede

zwischen Pramolaren und Molaren (p < 0,0001; p = 0,0027).

Schlussfolgerung: COMP-Restaurationen zeigten im Vergleich zu LS2 deutlich héhere Verschleifraten.

Die présentierten Ergebnisse legen nahe, dass mit zunehmender Zeit in situ die monatlichen
VerschleiRraten fur beide Materialien im Laufe der Zeit abnehmen. Auf Basis dieses begrenzten
Datensatzes zeigen sowohl LS2- als auch COMP-Restaurationen nach 3 Jahren Nachbeobachtung
angemessene klinische VerschleiRraten. Der Verschleil? von COMP-Restaurationen war héher, bei einer
jedoch weniger invasiven, prothetischen Behandlung. Zahnérzte sollten bei Patienten mit ausgepréagtem
Zahnhartsubstanzverlust ein ausgewogenes Verhdltnis zwischen notwendiger Invasivitat der

Préaparation und langfristiger okklusaler Stabilitat wéhlen.
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In-vivo-wear in composite
and ceramic full mouth
rehabilitations over 3 years

Gintare Burian®, Kurt Erdelt?, Josef Schweiger?, Christine Keul?, Daniel Edelhoff* &
Jan-Frederik Gith?™*

The aim of this study was to quantify and to compare the wear rates of premolar (PM) and molar
(M) restorations of lithium disilicate ceramic (LS2) and an experimental CAD/CAM polymer

(COMP) in cases of complex rehabilitations with changes in vertical dimension of occlusion (VDO).
Twelve patients with severe tooth wear underwent prosthetic rehabilitation, restoring the VDO
with antagonistic occlusal coverage restorations either out of LS2 (n=6 patients, n=16 posterior
restorations/patient; N =96 restorations/year) or COMP (n =6 patients; n=16 posterior restorations/
patient; N =96 restorations/year). Data was obtained by digitalization of plaster casts with a
laboratory scanner at annual recalls (350 + 86 days; 755 +92 days; 1102 + 97 days). Each annval recall
dataset of premolar and molar restorations (N =192) was overlaid individually with the corresponding
baseline dataset using an iterative best-fit method. Mean vertical loss of the occlusal contact areas
(OCAs) was calculated for each restoration and recall time. For LS2 restorations, the mean wear
rate per month over 1 year was 7.5 + 3.4 pm (PM), 7.8 +2.0 pm (M), over 2 years 3.8 +1.6 um (PM),
4.4+1.5 pm (M), over 3 years 2.8 +1.3 pm (PM), 3.4+1.7 pm (M). For COMP restorations, the mean
wear rate per month over 1 year was 15.5 + 8.9 pm (PM), 28.5+20.2 pm (M), over 2 years 9.2 +5.9 um
(PM), 16.7 £14.9 pm (M), over 3 years 8.6 +5.3 um (PM), 9.5 + 8.0 pm (M). Three COMP restorations
fractured after two years and therefore were not considered in the 3-year results. The wear rates in
the LS2 group showed significant differences between premolars and molars restorations (p=0.041;
p=0.023; p=0.045). The wear rates in COMP group differed significantly between premolars and
molars only in the first two years (p <0.0001; p=0.007). COMP restorations show much higher wear
rates compared to LS2. The presented results suggest that with increasing time in situ, the monthly
wear rates for both materials decreased over time. On the basis of this limited dataset, both LS2
and COMP restorations show reasonable clinical wear rates after 3 years follow-up. Wear of COMP
restorations was higher, however prosthodontic treatment was less invasive. LS2 showed less wear,
yet tooth preparation was necessary. Clinicians should balance well between necessary preparation
invasiveness and long-term occlusal stability in patients with worn dentitions.

The availability of in vivo data on the wear behavior of tooth-colored monolithic dental materials in cases of
complete rehabilitation is limited. Loss of dental hard tissue due to tooth wear is a well described clinical problem
with an increasing prevalence in dental practice® % In general, tooth wear is a result of different mechanisms:
interaction with exogenous materials/ three body wear (abrasion), tooth-to-tooth contact/ two body wear (attri-
tion) or chemical dissolution of hard tissues (erosion)>*. These wear mechanisms often act sequentially or in
synchrony, which can lead to accelerated excessive tooth wear at relatively young age. This condition poses sev-
eral complications as changes in vertical dimension of occlusion (VDO) with possible functional impairment,
increased tooth sensitivity and reduced esthetics®. At this point severe tooth wear affects people’s quality of life®.

The multifactorial conditions of tooth wear implicate restorative challenges for clinicians, as a complex holis-
tic rehabilitation is required, including occlusal adjustment e.g.°. New solutions are needed which are in line
with state-of-the-art minimally invasive dentistry’. Due to CAD/CAM technology, multiple polymers with
advantageous features have been introduced to the dental market. These CAD/CAM polymers, manufactured
under industrial standards, show superior mechanical properties to those of direct polymers and have even
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70, 80336 Munich, Germany. Department of Prosthodontics, Goethe University, Center for Dentistry and
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been considered as an alternative to glass-ceramic®'°. Multiple advantages of CAD/CAM composites have
been already observed in different in vitro studies: a high fatigue resistance, an antagonistic friendly behavior
and appropriate optical properties'” 2. Consequently, they were implemented in different fields of prosthetic
dentistry'® '*. Especially in challenging cases of worn dentition, CAD/CAM-fabricated polymer restorations
allow to comply with the aims of minimal invasive dentistry and biomimetic approaches'®.

Both, glass ceramics and composite resins are applied and reported as restorative materials for treatment of
severe tooth wear®'® 7. In respective clinical cases, material thickness plays an important role, as for patients with
already advanced hard tissue loss a maximal preservation of the remaining tooth substance is desired'®. CAD/
CAM-based polymer materials are easier and cheaper to manufacture and due to their standardized production
show reproducible material properties compared to direct polymer. However, they show inferior mechanical
properties, as material hardness and wear resistance, compared to ceramics'®. Therefore, the question is whether
CAD/CAM polymers are worth considering as an appropriate material for long-term prosthetic rehabilitation
of severe worn dentition.

Nevertheless, about the wear behavior and wear rates of these dental materials used for treatments of severe
worn dentition over a longer period of time, too little is known. In consideration of this limited data availability
on in vivo wear performance in cases of complete rehabilitation with increased VDO, the evaluation of wear
rates for CAD/CAM polymers and pressed lithium disilicate ceramics, over 3 years, was the aim of the present
investigation. A further aim of the study was to assess the differences between wear performance of premolar
and molar restorations. The first hypothesis states that restorations made of lithium disilicate ceramic would
show lower wear rates than CAD/CAM polymers. Secondly, the wear rates of restorations would be greater in
molars than premolars.

Materials and methods

Study cohort. This non-blinded, non-randomized study was performed according to the Declaration of
Helsinki after approval by the Ethics Committee of Ludwig Maximilian University of Munich (012-12; 541-12).
All subjects were informed about the background of the study, the risks associated with it and gave written
informed consent before participation in the study.

12 patients (7 males, 5 females, age: mean 36.3 +9.4 years) with changes in the vertical dimension of occlusion
(VDO) due to severe tooth wear were recruited. Inclusion criteria for this study were as follows: exposed dentin;
decreased vertical dimension of occlusion due to loss of dental hard tissue; indication for at least 12 restorations
in upper and lower jaws; age between 18 and 70 years; proper oral hygiene; healthy/ treated periodontal tis-
sues (tooth mobility no more than grade I). Exclusion criteria were pregnancy or lactation. Craniomandibular
disorders were not explicitly excluded. However, patients underwent a splint therapy previous to the definitive
restorative treatment to functionally evaluate the new vertical dimension and bite position.

All patients underwent full-mouth rehabilitation restoring the vertical dimension of occlusion with antago-
nistic full coverage restorations from the same material. The concept of canine protected centric occlusion could
be implemented in every patient.

The patients were divided into two equal groups: group LS2 included 6 patients, who received a full mouth res-
toration of the upper and lower jaw with adhesively bonded monolithic ceramic restorations [per patient: n=28,
n (premolar) =8, n (molar) = 8], group COMP consisted of 6 patients, who received a full mouth restoration of
the upper and lower jaw with adhesively bonded CAD/CAM restorations [per patient: n =28, n (premolar) =8,
n (molar) = 8], made of experimental composite blocks, polymerized under standardized industrial conditions.

The wear rates were evaluated using posterior restorations in the maxilla and mandible (LS2: n=96; COMP:
n=96).

Treatment and laboratory procedures. In this clinical trial all procedures were performed according
to current principles of minimally invasive dentistry. If needed, damaged teeth were restored using 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). Subsequently, tooth preparations were performed according to the material guidelines to
receive either LS2 or COMP restorations. The required minimum thickness for restorations made of the lithium
disilicate ceramic had been defined as 1.0 mm, the experimental CAD/CAM-composite blanks allowed mini-
mum layer of 0.3 mm in circular area and 1.0 mm in occlusal load bearing zone. Polyether material (Permadyne/
Impregum Penta, 3 M, Seefeld, Germany) was used for impressions with individualized rim-lock trays.

Dental restorations were manufactured in a dental laboratory by an experienced dental technician. Press
technique was chosen for fabrication of LS2 restorations, instead of CAD/CAM technique, due to similar mate-
rials properties and better esthetics. LS2 restorations were fabricated and glazed afterwards. Applied lithium
disilicate ceramic (IPS e.max Press, Ivoclar Vivadent, Schaan, Liechtenstein) exhibited following mechanical
properties (according to manufacturer): flexural strength =400 +40 MPa, modulus of elasticity = 95+ 5GPa,
Vickers hardness = 5,900 + 100 MPa. COMP restorations were fabricated using the CEREC system (CEREC
InLab V3.86, Dentsply Sirona, Bensheim, Germany). CEREC settings were defined as follows: proximal contact
strength =75 pum, occlusal contacts strength =25 pm, adhesive gap = 20 pm. Manufacturer reported about com-
position of the experimental CAD/CAM composite material (Ivoclar Vivadent, Schaan, Liechtenstein), which
consisted of 22% V; matrix (dimethacrylate) and 78% V filler (barium glass fillers, 15%; ytterbium trifluoride,
9%; mixed oxides, 44%; silicon oxides, 3; copolymers, 7%). The material showed mechanical properties as follows:
flexural strength = 167 MPa, modulus of elasticity = 11.4GPa, Vickers hardness =915 MPa and water absorption
after 7 days =28 pg/mm?®.
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Figure 1. Color-coded superimposition procedure and the wear progression of first molar CAD/CAM
composite restoration (Patient 6) in the first (1) and third (2) year. (1A/2A) pre-alignment over the full occlusal
area; (1B/2B) differences between baseline and recall dataset after the pre-alignment; (1C/2C) iterative selection
of areas, which were not exposed to wear, for further alignment of the data; (1D/2D) visualization of wear areas
after the final data alignment.

If occlusal adjustments were necessary, most could be carried out during the try-in phase, that re-firing or
polishing could be done under laboratory conditions. Before luting of the restorations, the following pretreat-
ment methods were applied:

- For the LS2 group: Etching of inner surfaces with 5% hydrofluoric acid (IPS Ceramic Etching Gel, Ivoclar
Vivadent, Schann, Liechtenstein) for 20 s, rinsed with air/water spray for 60 s, cleaned in ultrasonic bath for
5 min. 60 s, air dried and silanizated for 60 s using Monobond Plus (Ivoclar Vivadent, Schaan, Liechtenstein).

- For the COMP group: tribochemical silica-coating of the inner surfaces using a modified Rocatec procedure
(Rocatec soft 30 um; 1 bar; nozzle distance: 2 cm; 5 s blast time per unit) and conditioning the restorations
with Monobond Plus (Ivoclar Vivadent, Schann, Liechtenstein)

Tooth conditioning for adhesive bonding was identical for both groups, using Total Etch & Rinse technique
and Syntac (Ivoclar Vivadent, Schaan, Liechtenstein). Variolink II (Ivoclar Vivadent, Schaan, Liechtenstein) was
used as luting composite. Luting curing was performed following manufacturer’s instructions. Variolink IT was
polymerized for at least 3 times 20 s (vestibular—occlusal, lingual) starting with the proximal margins with a
LED curing light [Bluephase Style, Ivoclar Vivadent, Schaan, Liechtenstein (light intensity 1.100mW/cm?*+ 10%;
wavelength range 385-515 nm)], which was calibrated frequently by a radiometer (Bluephase Meter II, Ivoclar
Vivadent, Schaan, Liechtenstein). If occlusal corrections were necessary after placement, restorations were car-
ried out with corresponding diamond burs and polishers (ball shaped diamond finishing bur: 8801 314 018;
polishing sets: Composite: Set 4312A, Ceramic: 4313B; Komet Dental, Lemgo, Germany). No occlusal splint
was applied after the final treatment.

Data acquisition of baseline and follow-up records. To acquire baseline and follow-up data, dental
impressions with a polyether impressions material (Impregum Penta; 3 M, Seefeld, Germany) were taken after
placement of restorations (baseline) and annual recall appointments (follow-up). Mean monitoring time in both
groups was 350+ 86 days (Ist year), 755+92 days (2nd year), 1102+ 97 days (3rd year). All impressions were
casted between 24 and 48 h with type 4 dental stone (Plurastone; Pluradent, Offenbach, Germany). Resulting
plaster casts were digitalized with a laboratory scanner (D810; 3Shape, Copenhagen, Denmark) and exported to
standard tessellation language (STL) file format.

Processing of datasets. Geomagic Qualify software (2012.1.2, Geomagic Inc., Morrisville, NC, USA) was
used to compare resulting baseline and follow-up STL datasets. To receive independent data of each specimen
every posterior restoration was segmented and stored as individual dataset, resulting in 192 (LS2 n=96; COMP
n=96) baseline and 570 (LS2 n=288; COMP n=282) follow-up records. Three molar restorations in COMP
group (patient 5) were excluded from further analysis due to mechanical failure of restorations after two years.
Every recall dataset was superimposed with the equivalent baseline record. At the beginning the entire surface
matching was performed using best-fit method, resulting superimposition was visually estimated and next best-
fit matching was executed only over surface areas with no signs of wear (Fig. 1). This iterative procedure was
conducted until superimposition error remained stable. The overlay error of each specimen was listed separately.
A superimposition error of more than 15 pm was determined as exclusion criteria for further data processing,
as the influence of impressioning, model fabrication, scanning, and superimposition was considered too high
for reliable data analysis. Due to this, the amount of data in LS2 group was reduced from 288 to 279, in COMP
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Material Time [year] |n Premolar | n | Molar
1 46 6.8+1.8 45 83+1.8
LS2 2 48 7519 |47 9.1+1.7
3 47 8.2+2.1 46 |10.9+2.1
1 47 9.9+2.1 48 | 11.7£2.5
COMP 2 47 110.8+2.1 39 |12.0+2.2
3 45 | 11.9£23 32 | 13.0+1.7

Table 1. Mean values + standard deviation (um) of superimposition error between baseline und follow-up
datasets.

group from 282 to 258. It must be noted that out of 33 data sets, which dropped out, 8 were premolar and 25
molar restorations (Table 1).

Subsequently to the overlay procedure, remained datasets underwent wear calculation perpendicular to the
surface of the restoration, results were exported and saved separately for each specimen as a result record (.csv).
Calculation of mean wear rates per month was chosen for further analysis.

Statistical analyses. The obtained data was transferred into a statistical program SPSS (version 25, IBM,
Armonk, NY, USA) for further processing. The figures were generated using GraphPad Prism (version 8.4.2.,
GraphPad Software Inc., La Jolla, CA, USA). To guarantee best possible comparability of our results despite vary-
ing recall appointments and performed data filtering due to superimposition error, wear values were computed
by dividing the results by the number of days in situ. Subsequently, the mean wear rate per month was calculated
for both groups. Normality of data distribution of all groups was analyzed using Kolmogorov-Smirnov test. The
Kruskal-Wallis test was used to analyze data interaction between variables, following the Wilcoxon signed-rank
test or pairwise comparison with Mann-Whitney U test, which were applied to evaluate statistically significant
differences between groups. In cases of multiple comparisons Bonferroni correction was used. The significance
level was set at 0.05. The mean and median vertical loss was calculated, and outliers were eliminated by SPSS
software. This elimination implicated decrease of follow-up data sets in both groups, in LS2 group from 279 to
253, in COMP group from 257 to 241.

Results

Measurements of superimposition error. Mean superimposition error was calculated according to
material, time and tooth group. Differences between mean values were found regarding every characteristic.
The COMP group showed enlarged errors trough matching process compared to the LS2 group. Premolars were
easier to superimpose than molars in both groups. The differences regarding follow-up time were found. Higher
superimposition errors were found with advancing age of restauration in situ (Table 1; Fig. 2).

Measurements of wear rates. 75% of data groups were not normally distributed. Therefore, non-par-
ametric tests were applied to evaluate differences between the test groups. Calculated wear rates are shown in
Tables 2 and 3 . Boxplots are given in Fig. 3. Wear rates decreased over time, therefore significant differences were
found between different time intervals (LS2 PM 1-2 years p <0.0001, 1-3 years p <0.0001, 2-3 years p=0.033;
LS2 M 1-2 years p<0.0001, 1-3 years p <0.0001, 2-3 years p=0.013; COMP PM 1-2 years p <0.0001, 1-3 years
p<0.001, COMP M 1-2 years p=0.002, 1-3 years p <0.0001; 2-3 years =0.037). No differences in PM wear rates
of 2-3 years interval in COMP group were detected (p =1.000). When comparing the premolar and molar wear
rates significant differences in LS2 group were identified (1 year p=0.041; 2 years p=0.023; 3 years p=0.045).
The premolar and molar wear rates in COMP groups showed significant differences during one and two years
of observation (1 years p=0.0001; 2 years p=0.007), over 3 years no significant differences were found (3 years
p=0. 862). Statistical comparison of wear rates between LS2 and COMP showed significant differences (1 years
years: PM p<0.0001, M p <0.0001; 2 years: PM p <0.0001, M <0.0001; 3 years: PM p <0.0001, M <0.0001).

Discussion
The aim of this clinical study was to compare different materials’ wear rates in patients after full mouth prosthetic
rehabilitation with full occlusal coverage restorations due to severe tooth wear. Additional target was to com-
pare differences between premolar and molar wear rates regarding the materials used. The first hypothesis was
confirmed, as the wear rates of CAD/CAM composite restorations were significant higher compared to lithium
disilicate. The second hypothesis must be partly rejected. The CAD/CAM composite group showed increased
wear in the molar region in first two years. At 3 years, no significant differences were found, however this might
be due to the fact that fewer restorations could be included after 3 years. Restorations made of lithium disilicate
ceramic showed significant differences between premolar and molar wear rates with advancing age of restora-
tions in situ. Much higher wear rates in both groups over first year confirm specific running-in wear in initial
phase after placement of restorations.

Wear is considered as a dynamic and multilayered process, which emerges by surfaces interaction with exog-
enous materials and/or under teeth contact, what results in continuous loss of the tooth structure or restorative
material*’. Nevertheless, different restorative materials show different wear mechanisms. While ceramic wear
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Figure 2. Visualized superimposition error (um) of each specimen and individual patient. Superimposition
error under 15 um was defined as the requirement for further data analysis.

occurs by progressing microfracture process, composite restorations abrade by adhesion wear, which follows
plastic deformation of the material?>?*. Multiple in vitro investigations on lithium disilicate ceramics, as well as
on CAD/CAM composites, provided clinical acceptable mechanical properties with tolerable wear behavior on
opposing enamel'® >, However, the used methods for in vitro wear quantification differ from methods used in
clinical trials, which complicates comparability®* %°. Therefore, it is of great necessity to perform in vivo studies
on materials wear performance, especially in cases of complete occlusal treatment with bite elevation. The pri-
mary goals of these complex therapies are to improve aesthetics, prevent further hard tissue loss and reestablish
functional occlusion. However, the main focus in treatment with raise in VDO should always remain in creat-
ing harmony in the masticatory system through stable occlusion, which is important for long-term results. In
line with this, material wear behavior in these cases plays a major role, as any disharmony in wear may result in
adaptive responses like increased functional activity, which results in excessive wear of restorations. Therefore,
there is a need to study occlusal wear in cases of full mouth rehabilitations. On the contrary, all clinical trials
face numerous challenges, as patient recruitment and retention, funding, and possible clinical complications.

To date, different opinions on VDO alteration and possible consequences exist in the literature?’. Several
authors described possible complications during implementation of bite elevation, like increase of bite forces,
hyperactivity of masticatory muscles, temporomandibular disorders and phonetic limitations?-*!. At the same
time, numerous case reports of successful treatment of severe worn dentition with VDO alteration are published
in literature®> **. This comes to the point, that the increased restorations wear was not considered or defined as
a potential complication, which unfortunately is difficult to assess through clinical examination.
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Patient | Sex Age [year] | Time [year] | n | Premolar | n | Molar
1 7 6.7+2.1 7 167+13
1 Female |37 2 8 53+1.7 7 13.8+0.5
3 8 33+13 8 |2.8+0.9
1 4 10.4+5.1 5 19310
2 Female |40 2 7 52+1.4 8 [47+12
3 7 42+16 |6 [39%1.0
1 7 54+0.7 7 |82%27
3 Male 32 2 7 33+14 7 153+13
1s2 3 8 2.2+0.9 6 |32+0.5
1 8 8.9+2.9 6 |8.6+5.5
4 Male 40 2 6 32+1.0 8 |3.3+0.9
3 7 22+0.5 7 12.8+0.7
1 7 51+1.1 7 164%23
5 Male 20 2 8 2.6+0.7 8 |47x14
3 6 2.0+0.7 8 |2.8+0.8
1 6 9.6+5.0 7 |79+1.7
6 Male 31 2 8 3.1+0.8 8 |47+23
3 7 27+12 7 |51+33
1 7 11.7+£3.3 8 12.4+5.5
1 Female |44 2 8 6.8+£2.4 8 |55+15
3 7 6.4+23 8 |50%13
1 7 79+1.8 7 |12.8+3.3
2 Female |38 2 8 4.6+1.4 7 |84%2.1
3 7 3.6+0.8 6 |57+1.8
1 7 |13.8+89 8 |482+21.6
3 Female |38 2 7 [11.0+6.8 7 140.4%16.6
COMP 3 6 |11.8+4.2 2 |31.6%7.2
1 6 |109+1.0 8 |20.7+9.8
4 Male 51 2 8 6.2+1.2 8 |13.0£55
3 7 52+0.8 8 |67+23
1 7 |28.0£7.0 8 |47.8+22.8
5 Male 47 2 8 |18.1+£59 |2 |28.1+3.1
3 7 |17.6+2.3 1 1259
1 7 |199+8.0 |8 |26.8+9.0
6 Male 18 2 7 8.9+3.0 4 |135%1.7
3 6 7.2+1.0 6 [13.0£6.0

Table 2. Mean values * standard deviation (um/month) of wear rates of premolar and molar restorations for
individual patient, respectively.

Premolar Molar

Material Time [year] | n | Mean (SD) | Median (IQR) | n | Mean (SD) | Median (IQR)

1 39 |90 (40.8) 73.2 (40.8) 39 |93.6(24) 97.2 (33.6)
LS2 2 44 [456(19.2) |39.6(25.2) 46 |52.8(18) 49.2 (20.4)

3 43 |33.6(15.6) |31.2(25.2) 42 | 40.8(20.4) |37.2(16.8)

1 41 |186(107) | 140 (162) 47 |342(242) | 253 (276)
COMP 2 46 | 110 (70.8) 81.6 (78.1) 36 |200(179) 133 (185)

3 40 [103(63.6) |75.6(105) 31 | 114 (96) 76.8 (51.6)

Table 3. Wear rates (um/year) for premolar and molar restorations.
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Figure 3. Boxplots illustrate median and IQR values of wear rates (um/month) for premolar (PM) and molar
(M) restorations. Comparison within teeth group (premolar vs molar)—Mann-Whitney U test [*Statistically
significant differences].

The biomimetic approach in last decade inspired clinicians and scientists to search and to implement restora-
tive materials with comparable wear behavior as of natural tooth enamel®* **. Lambrechts et al.*® determined
enamel wear as 15 um/year for premolars and 29 pum/year for molars, which is still held as clinical standard for
comparison until this day. Clinical studies on wear of lithium disilicate glazed press core ceramic with opposing
enamel reported mean vertical loss between 30 and 40 um per year®”*, which does not differ much from findings
of full coverage composite crowns with values around 44 pm per year®. However, these results are ascertained in
functional harmonious occlusion, where a maximum of three restorations were placed. In this context it may be
suggested that the crowns may be protected by the adjacent structures, which resulted in comparable wear rates to
enamel. So one could conclude, if composite restorations are protected by adjacent teeth and established anterior/
canine guidance, composite might be the alternative of choice if the antagonist is enamel. This implication further
complicates possible comparison with obtained data in this study, as results show strong distinction, with wear
rates of lithium disilicate ceramic around 90 pm in first year, with significant differences between premolar and
molar restorations. In contrast to these results, CAD/CAM polymer shows significant higher wear rates, with a
mean vertical loss of 186 um in premolar region, and 342 pm in molar region during the first year. However, it
must be noted, that in this study, full occlusal load had to be absorbed by the tested restorations. Therefore, use
of occlusal splint could be recommended for minimizing the wear progression.

It can be assumed, that some patients possibly showed increased functional activity, which not only resulted
in higher restorations wear, but also showed significant differences in material wear (Table 2). Varieties of wear
rates of the posterior region can also reflect varying masticatory forces from tooth to tooth, accordingly to Fer-
rario et al.*’. This could explain increased wear on molar restorations in the CAD/CAM polymer group. The
differing mechanical properties compared to lithium disilicate ceramic might lead to the observed wear differ-
ences between molars and premolars. However, for interpretation, one must keep in mind, that every imbalance
in occlusion, could be adjusted by dentoalveolar compensation through possible extrusion of worn teeth**2.

When interpreting the results of this study, several methodical limitations need to be considered. The limita-
tions of the workflow and process accuracy (impression, casting, scanning) that lead to the underlying data needs
to be mentioned and are intensively discussed in a previous article applying the same methodology*. Also, the
data of experimental CAD/CAM composite should be treated with caution due to its composition and proper-
ties. Therefore, it is of importance to mention that the findings of this study might not be transferrable to other
CAD/CAM composites that are accessible on the dental market with varying characteristics, which can lead to
differing wear rates as assessed in this clinical study. This study had a comparable but small patient cohort, which
confined possible investigation of age and gender dependency correlation on wear. Secondly, the evaluation of
masticatory bite forces and actual VDO increase would have allowed to provide an insight in potential interde-
pendency with the abrasion of the materials. Thirdly, although, the comparatively high standard deviations of
our data are inevitable, it is impossible to build homogenous patient groups regarding individual wear patterns
and Table 2 shows these inherent differences of patients. Additionally, ongoing vertical loss of restorations over
time does not represent a linear progression with constant rate, but rather a logarithmic one. In this regard, it
can be concluded that the measured wear rates per month are not a constant value, as well as wear rates per year.
Further, we decided to use press technique, instead of CAD/CAM, for fabrication of ceramic restorations, due to
similar mechanical characteristics however slightly better optical properties*. Lastly, it's not possible to evaluate
total wear of the restorations over the years, due to the loss of follow-up data after filtering procedure, especially
of those patients, who showed higher wear rates in the composite group. This loss of the data is due to forma-
tion of enlarged occlusal contact areas and possible deformation if restorations over time, which complicates
superimposition procedure as only surface areas with no changes and signs of wear can be used.

Complex rehabilitation with alteration of vertical dimension of occlusion (VDO) remains a major challenge
for clinicians. Restorations made of lithium disilicate ceramic show more stable and evenly distributed wear
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rates compared to CAD/CAM polymer in cases with VDO alignment. Nevertheless, there is still a need for lon-
gitudinal clinical studies with larger cohorts, to provide better prediction on wear behavior of dental materials
and to clarify clinical outcomes of used treatments as well as reference data of natural teeth. Decoding patient’s
individual abrasion pattern would allow more personalized dentistry by selecting the most suitable material for a
complex rehabilitation. The biggest concern is that despite all the recent innovations and considerable advantages
of indirect composite resins, their suitability for complex restorative treatments of generalized tooth wear might
be questionable in the long run, considering the wear behavior especially in the load bearing zone.

Conclusion

Significant differences in COMP group in first two years between premolar and molar wear rates were assessed.
Significant differences of premolar and molar wear rates in LS2 group were found, respectively, in the yearly
investigations. Wear of COMP restorations was higher, than LS2, however the restorative procedure was less
invasive. Clinicians should balance well between necessary preparation invasiveness and long-term occlusal
stability in patients with worn dentition.
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3 Diskussion

3.1 In-vivo-Verschleifmessung von ersten Molarrestaurationen aus CAD/CAM-Komposit

und Lithium-Disilikat-Keramik: eine Pilotstudie Uber 2 Jahre

In dieser klinischen Studie wurden die VerschleifRraten von antagonistischen monolithischen ersten
Molarenrestaurationen aus zwei unterschiedlichen Materialien verglichen: einem experimentellen
CAD/CAM-Komposit und einer Lithium-Disilikat-Keramik. Die Ergebnisse zeigten, dass es einen
signifikanten Unterschied der VerschleiBraten dieser beiden Materialien bei Patienten gab, die eine
komplexe Gesamtrehabilitation mit Bisshebung erhielten. Die Restaurationen aus dem experimentellen

CAD/CAM-Komposit zeigten hohere Verschleifraten als die aus Lithium-Disilikat-Keramik.

Die VerschleilSraten waren im ersten Jahr im Vergleich zu den zwei Jahreswerten in beiden Gruppen
hoher. Dabei ist zu berlicksichtigen, dass diese Verschleiliraten als mdgliche Folge der Bildung groRerer
VerschleilRfacetten von Jahr zu Jahr abnehmen. Mit zunehmender Verschlei3flache verteilt sich die
einwirkende Kraft auf eine groRere Fl&che, dadurch wird die Kraft pro Flacheneinheit reduziert, was der
Grund fir die hohen VerschleiBraten im ersten Jahr sein koénnte. Auch die Mdglichkeit eines
kontaktlosen VerschleiBes von Kompositen, der durch das Versagen von Kompositkomponenten
verursacht wird, kann nicht ausgeschlossen werden [31]. Dies konnte die Genauigkeit der Uberlagerung

beeinflussen und sogar zu einem héheren Gesamtverschleif3 in der CAD/CAM-Kompositgruppe fiihren.

Die quantitative Verschleifmessungen in dieser Studie wurden mit einer iterativen Methode
ausgewertet. Die gesamte Kauflache jedes ersten Molaren wurde vermessen, unter Verwendung von
Gipsmodellen, die nach konventioneller Prazisionsabformung erstellt wurden. Um mdgliche Fehler in
diesem Arbeitsablauf zu minimieren, wurde jeder Molar separat tberlagert und analysiert, um eine
gewisse Unabhéngigkeit von Nachbarstrukturen zu erlangen. Dadurch konnte der Einfluss von
Verzerrungen der Abformungen und der Gipsmodelle, die die Ergebnisse beeinflussen konnten,
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minimiert werden [32]. AuRerdem wurde der Uberlagerungsprozess so lange durchgefiihrt, bis der
Uberlagerungsfehler durch weitere Uberlagerung nicht mehr verandert wurde. Auf diese Weise konnte
der Best-Fit von Baseline- und Follow-up-Daten Uber die Bereiche erreicht werden, die keiner

antagonistischen Abnutzung ausgesetzt waren.

Als Standardabweichungsfehler zwischen den Datensétzen fir die quantitative Messung des vertikalen
Hohenverlustes antagonistischer Restaurationen wurde ein Uberlagerungsfehler von 15 pum festgelegt.
In in-vitro-Studien wurden als Standardabweichung der Uberlagerung zwischen 5 und 10 pm
beschrieben [33]. Demgegeniiber scheint die Erfassung unter klinischen Bedingungen fehleranfalliger
zu sein und gréRere Schwankungen aufzuweisen, daher mussten hdhere Standardabweichungen bis 15
um in Kauf genommen werden. Die Datensétze mit einem Uberlagerungsfehler von tiber 15 um wurden
ausgeschlossen, um zuverlassige Daten zu erhalten. DelLong et.al. berichteten, dass die Schatzung der
Uberlagerung fiir Proben klinischer Studien in der Regel zwischen 10 und 20 um pro Punkt schwankt.
Sie hielten eine Uberlagerung von weniger als 10 um fiir einen exzellenten Fit, wihrend ein Wert von
mehr als 50 um einen schlechten Fit anzeigte [34]. Dies steht im Einklang mit anderen klinischen
Untersuchungen zur Verschleimessungen, bei denen Workflow-Ungenauigkeiten im Bereich von 15—
20 um als akzeptabel angesehen wurden [29, 35-38]. Schmid-Schwapet et al. [39] setzten die Grenze
fur Workflow-Ungenauigkeiten flir Molaren sogar auf 30 um, da diese schwieriger zu tiberlagern sind.
Dies wurde jedoch fiir den VerschleiR von Methacrylat-Kunststoffzahnen angegeben. In der
vorgestellten Studie zeigten Kompositrestaurationen héhere Uberlagerungsfehler, die durch nicht-
antagonistischen Verschlei® verursacht werden kdnnen, der bei Kompositen starker ausgepragt ist als

bei Lithium-Disilikat-Keramiken [40].

Der Verschleifl kann anhand der Tiefe, der Flache und des Volumens quantifiziert werden. Der
Zusammenhang und die Korrelation dieser Parameter wurde bereits von DeLong et al. beschrieben [30].
Die Methodik von Verschleimessungen unter klinischen Bedingungen wird derzeit ebenfalls intensiv

diskutiert [19, 41-44]. In dieser klinischen Studie wurde der vertikale Hohenverlust senkrecht zur
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Arbeitsflache gemessen. Die Berechnung von Volumenénderungen unter klinischen Bedingungen
scheint sehr fehleranfallig zu sein. Der kritischste Punkt ist die Definition des Bereichs fur die
Volumenberechnung zwischen exponiertem und nicht exponiertem VerschleiBbereich. Dagegen war die
Reproduzierbarkeit und Vergleichbarkeit dieser Messungen durch die hohe Fehlerquote bei der
Beurteilung dinner Réander und unterschiedlicher Oberflachen eingeschrankt, was diese Daten
unbrauchbar machte. Darlber hinaus haben frihere Studien bereits den Vorteil der Messung des
vertikalen Hohenverlustes gegenuber der volumetrischen VerschleiRmessung aufgezeigt. Der
Hauptvorteil ist die Moglichkeit einer direkten Quantifizierung des Verschleiles und der Eliminierung
des Einflusses der Oberflachengrofle [39, 41]. Eine Kombination aus vertikalem Hdéhenverlust und
Oberflachenmessung war winschenswert, Oberflachenmessungen unterliegen jedoch denselben

Schwierigkeiten wie volumetrische Messungen.

Nach dem Biomimetischen Konzept sollte das Verschleifverhalten von Zahnrestaurationen
idealerweise mit dem von physiologischem Zahnschmelz vergleichbar sein. Klinische Daten zum
VerschleiBverhalten natrlicher Zahne sind jedoch rar und weisen eine hohe Varianz auf. In den wenigen
vorliegenden Studien wurden Abnutzungsraten fir natirlichen Schmelz von ca. 10-40 pm/Jahr
beschrieben [45-47]. Die Ergebnisse klinischer Studien zeigten jedoch erhebliche Schwankungen [19].
Die VerschleiBraten unterschieden sich signifikant zwischen verschiedenen Forschungsgruppen; Etman
et al. [48] gaben fiir Lithium-Disilikat-Glaskeramik-Seitenzahnkronen einen Verschlei von 148 pum
nach dem ersten Jahr an, wahrend Kramer et al. [49] diesen fiir Keramikinlays aus Lithium-Disilikat mit
78 um nach 4 Jahren bezifferten. Nur sehr wenige Studien untersuchten den Verschleil? von Seitenzahn-
Kompositkronen in vivo und gaben einen Verschleifl von ca. 40 um/Jahr an, was deutlich unter den
Werten der vorliegenden Studie liegt [35, 50]. Obwohl es viele klinische Daten zum VerschleilRverhalten
direkter Kompositrestaurationen gibt, zeigt die Literatur eine erhebliche Streuung der Ergebnisse von
50 bis 200 pm pro Jahr [19, 51, 52]. Dabei ist zu beriicksichtigen, dass in diesen Studien die
VerschleiBraten mit dem gegeniberliegenden Schmelz als Antagonist verglichen wurden. Darlber

hinaus sind direkte Kompositrestaurationen der Klasse I/11 durch Schmelz geschiitzt, was die Aussagen
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zur biomechanischen Belastung und deren Verschleif? einschrénkt. Darliber hinaus scheint nicht nur die
antagonistische Situation, sondern auch die klinische Umgebung, in der die Restaurationen platziert
werden, eine Rolle fur die Abnutzungsraten zu spielen, und es ist klar, dass die Abnutzungsraten flr
einzelne Restaurationen gegentber unterschiedlichen Antagonisten ebenfalls unterschiedlich ausfallen
kann. In der vorliegenden Studie erhielten die Patienten eine vollstdndige Mundrehabilitation entweder
mit CAD/CAM-Komposit oder Lithium-Disilikat-Keramik. In dieser klinischen Konstellation werden
Restaurationen nicht durch angrenzende Strukturen wie Schmelz oder Kronen aus anderen Materialien
mit geringerer Abnutzung geschiitzt. Das bedeutet, dass die Restaurationen in dieser Studie den vollen
Bisskréften ausgesetzt sind und die volle okklusale Belastung entweder durch gegeniiberliegendes
Komposit oder Keramik tragen missen. Zu den Abnutzungsraten von Seitenzahnrestaurationen in vivo
bei einer kompletten Rehabilitation liegen noch keine belastbaren Daten vor. Die vorliegende Arbeit
liefert damit erste Ergebnisse zu Verschleifmessungen an den ersten Molaren. Weitere longitudinale
Studien waren sicher sinnvoll, die die Unterschiede zwischen Pramolaren und Molaren untersuchen, da
einige Studien bereits vermuten lieRen, dass der VerschleilR bei Molaren ausgeprégter ist als bei

Pramolaren [53, 54].

Die Analyse des VerschleiBverhaltens von Restaurationsmaterialien und Zahnhartsubstanz in klinischen
Fallen stellt Wissenschaftler und Kliniker vor zwei Hauptprobleme. Zum einen ist es von (ibergeordneter
Relevanz exakte und reproduzierbare Abformungen zu nehmen, zum anderen gilt es eine valide und
reproduzierbare Methode zur Verschleiffanalyse zu finden. Verzerrungen oder Abformungenauigkeiten
sind zwei weitere potenzielle Faktoren, die die resultierende Modellqualitat beeintrachtigen kdnnen [32,
55]. AuBerdem ist der Scanvorgang selbst anfallig fir weitere Ungenauigkeiten, die die Messergebnisse
verzerren kdnnen [56]. Um Fehler bei der Modellherstellung zu vermeiden, besteht die Mdglichkeit,
Abformungen direkt einzuscannen, jedoch scheinen unter sich gehende Stellen und steile
Zahngeometrien diesen Ansatz zu kompromittieren [57]. Insgesamt scheint die Digitalisierung einer
konventionellen Abformung im direkten Vergleich mit dem gegossenen Gipsmodell bis dato

hinsichtlich der Genauigkeit keinen signifikanten Vorteil zu bieten [58]. In-vivo-Studien haben gezeigt,
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dass konventionelle Prézisionsabformmaterialien, wie z.B. in dieser Studie verwendete Polyether, im
Vergleich zu aktuellen Intraoralscannersystemen immer noch eine héhere Prézision fir die Abformung
des gesamten Zahnbogens aufweisen [58, 59]. Um den Einfluss globaler Verzerrungen und
Ungenauigkeiten bei der Datenerfassung auszuschlieBen, basiert die vorliegende Analyse auf
Einzelzahnbereichen nach Nachbearbeitung des digitalen Datensatzes. Es besteht jedoch noch sehr viel
Potential in der digitalen Zahnheilkunde und die weitere wissenschaftliche Auseinandersetzung mit der
Verwendung von Intraoralscannern im Rahmen von Querschnittsstudien sowie Longitudinalstudien ist

ein vielversprechendes Gebiet.

Eine Einschrankung der vorliegenden Pilotstudie war die vergleichsweise kleine Kohorte. Etwas
entkréften lasst sich diese Einschrankung durch die Tatsache, dass sich bereits bei einer Anzahl von 87
Datensatzen signifikante Unterschiede zwischen den beiden untersuchten Materialien zeigten.
Basierend auf den Ergebnissen fiir beide Arten von Versorgungen und unter der Annahme funktionell
aktiver Patienten kann jedoch in Bezug auf die klinische Anwendung empfohlen werden, mindestens
Uber Nacht eine zusatzliche Schutzschiene zu verwenden, um die Verschleifiraten von Restaurationen

ZU minimieren.

Um den Gesamtverlust der vertikalen Dimension abzuschétzen, missen die VerschleilBraten verdoppelt
werden, da der Verschlei® in beide Kiefern stattgefunden hat. Hier muss jedoch ein mdglicher
dentoalveoldrer Kompensationsmechanismen in Betracht gezogen werden [60]. Dies wirde einen
Gesamthohenverlust von 49,5 um/Monat im Seitenzahnbereich flr Restaurationen aus dem
experimentellen CAD/CAM-Komposit und 18,9 pum/Monat fir Restaurationen aus Lithium-Disilikat-
Keramik im ersten Jahr nach Eingliederung erklaren. Basierend auf der Annahme eines logarithmischen
VerschleiBmodells wirden diese Werte in den folgenden Jahren sinken. Diese Hypothese muss jedoch
in weiteren longitudinalen Studien bewiesen werden. Unter diesen Gesichtspunkten scheinen
Restaurationen aus Lithium-Disilikat-Keramik eine stabilere Prognose beziglich Verschleilraten zu

bieten.
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Andererseits zeigen CAD/CAM-Kompositrestaurationen auch einige Vorteile. Die mechanischen
Eigenschaften des CAD/CAM-Komposit ermdglichen die Herstellung von Restaurationen mit sehr
diunnen Réandern, somit ist eine Behandlung mit nur minimaler, oder ganz ohne Praparation mdglich
[61]. Dartber hinaus sind CAD/CAM-Kompositrestaurationen mit einem  gunstigeren
VerschleiBverhalten am antagonistischen Schmelz assoziiert, was aus biomimetischer Sicht einen

Vorteil bietet, da die Zahnstrukturen erhalten bleiben [62].

Zusammenfassend lasst sich feststellen, dass bei Patienten mit generalisiertem Zahnsubstanzverlust
partielle Deckungsrestaurationen aus monolithischer Lithium-Disilikat-Keramik zur Rekonstruktion des
VDO geringere Abnutzungsraten aufwiesen als vergleichbare Restaurationen aus einer experimentellen
CAD/CAM-Komposit. Weitere Studien sind notwendig, um zu zeigen, ob diese Ergebnisse auch fur

verschiedene klinische Umgebungen und Settings sowie fur natiirliche Schmelzantagonisten giltig sind.
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3.2 In-vivo-Verschleilimessung von Komposit- und Lithium-Disilikat-Keramikrestaurationen

nach vollstandiger prothetischer Rehabilitation tGber 3 Jahre

Das Ziel dieser klinischen Studie bestand darin, die VerschleiBraten von CAD/CAM-Komposit- und
Lithium-Disilikat-Keramikrestaurationen bei Patienten nach einer prothetischen Gesamtrehabilitation
mit Anhebung der Vertikaldimension der Okklusion zu evaluieren und zu vergleichen. Ein weiteres Ziel
war es, den Unterschied in der VerschleiRrate zwischen Pramolaren- und Molarenrestaurationen in
Bezug auf die verwendeten Materialien zu bewerten. Die Verschleilraten von CAD/CAM-
Kompositrestaurationen  waren  signifikant hoéher im  Vergleich zu Lithium-Disilikat-
Keramikrestaurationen. Daruber hinaus konnten auch die Verschleilratenunterschiede zwischen
verschiedenen Zahngruppen festgestellt werden. Die CAD/CAM-Komposit-Gruppe zeigte in den ersten
beiden Jahren hohere VerschleiRRraten im Molarenbereich im Vergleich zu Pramolaren. Allerdings zeigte
sich nach drei Jahren kein signifikanter Unterschied mehr. Dies kdnnte jedoch auch daran liegen, dass
nach drei Jahren weniger Restaurationen zur Analyse aufgrund von hohen Uberlagerungsfehlern
herangezogen werden konnten. Auch bei Restaurationen aus Lithium-Disilikat-Keramik bestanden mit
zunehmendem Alter signifikante Unterschiede zwischen Pramolaren- und Molarenverschleif3raten. Die
deutlich héheren VerschleiRraten der beiden Gruppen im ersten Jahr kénnen den initialen Verschlei3 im

Anfangsstadium nach dem Einsetzen der Restauration bestatigen [63].

Zahnverschleif ist ein dynamischer und vielschichtiger Prozess, der durch Oberfl4cheninteraktion mit
exogenen Materialien und/oder unter Zahnkontakt entsteht und zu einem kontinuierlichen Verlust der
Zahnhartsubstanz oder des Restaurationsmaterials fuhrt [64]. Dennoch zeigen unterschiedliche
Restaurationsmaterialien auch unterschiedliche Verschleifmechanismen. Wéhrend keramischer
VerschleiR durch fortschreitende Mikrofrakturprozesse entsteht, ist es bei Kompositrestaurationen eher
ein adhésiver VerschleiR, der durch plastische Verformung des Materials verursacht wird [65, 66].
Mehrere In-vitro-Studien an Lithium-Disilikat-Keramiken und CAD/CAM-Kompositen haben klinisch

akzeptable mechanische Eigenschaften und angemessene VerschleiBraten gezeigt [62, 67, 68].
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Allerdings unterscheiden sich die Methoden zur In-vitro-Verschlei3quantifizierung von denen in
klinischen Studien, was die Vergleichbarkeit der auf diesem Wege ermittelten Daten erschwert [69, 70].
Daher ist die Durchfiihrung von In-vivo-Studien zu Verschleilraten von Restaurationsmaterialien,
insbesondere bei prothetischer Gesamtrekonstruktion mit Bisshebung, von grof3er Bedeutung. Die Ziele
dieser komplexen Therapien sind die Verbesserung der Asthetik, die Verhinderung eines weiteren
Hartgewebeverlusts und die Wiederherstellung der Kaufunktion. Der wichtige Teil der Behandlung bei
anspruchsvollen Fallen mit Verdnderung der Vertikaldimension der Okklusion ist der Erhalt bzw. die
Sicherstellung der Harmonie im Kausystem durch eine stabile Okklusion, die flr langfristige
Behandlungserfolg unerlésslich ist. Dementsprechend spielen die Verschleifiraten des Materials in
diesen Fallen eine wichtige Rolle, da eine Disharmonie des Verschleifles zu Anpassungsprozessen wie
einer erhohten funktionellen Aktivitat fihren kann, die wiederum zu einem UbermaRigen Verschleil}

von Restaurationen fihrt.

In der Literatur existieren bisher unterschiedliche Konzepte zur Anderungen der Vertikaldimension der
Okklusion und mit assoziierten Komplikationen [71]. Mehrere Autoren beschrieben mégliche
Komplikationen bei der Durchfiihrung der Bisserhéhung, wie Steigerung der Bisskréfte, Hyperaktivitét
der Kaumuskulatur, Kiefergelenksbeschwerden und phonetische Einschrankungen [72-75]. Gleichzeitig
sind in der Literatur zahlreiche Fallberichte zur erfolgreichen Behandlung des Abrasionsgebiss mit
Verénderungen in Vertikaldimension publiziert [76, 77]. Allerdings wurden die erhohten
VerschleiBraten der Restaurationen nicht als mdgliche Komplikation betrachtet, was leider durch die

klinische Untersuchung auch schwer zu beurteilen ist.

Der biomimetische Ansatz hat im letzten Jahrzehnt Kliniker und Wissenschaftler dazu bewegt,
Restaurationsmaterialien mit zahnschmelzahnlichen Verschleifiraten zu identifizieren und einzusetzen
[78, 79]. Lambrechts et.al [45] berichten 15 um/Jahr Schmelzverschleil? fur Prémolaren und 29 pm/Jahr
fir Molaren. Diese Werte gelten bis heute als klinischer Vergleichsstandard. Klinische Studien zum

Verschlei® von Lithium-Disilikat-Keramik mit antagonistischem Schmelz berichteten ber einen
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mittleren vertikalen Verlust zwischen 30 und 40 um pro Jahr [80, 81]. Dieser unterscheidet sich mit
Werten um 44 um pro Jahr nicht wesentlich von Kompositkronen [82]. Diese Ergebnisse gelten jedoch
lediglich in funktionell harmonischer Okklusion. Kompositrestaurationen kénnten eine prothetische
Alternative sein, wenn es sich beim Antagonisten um einen naturlichen Zahn handelt und die
Versorgungen durch benachbarte Zahne in der statischen Okklusion sowie eine etablierte Front-
/Eckzahnfiihrung geschiitzt sind. Jedoch zeigten sich in der durchgefiihrten Untersuchung nach
Gesamtrehabilitation deutlich hohere Verschleil3raten in CAD/CAM-Kompositrestaurationen mit einem
mittleren vertikalen Verlust von 186 pum im Prdmolarenbereich und 342 pum im Molarenbereich im
ersten Jahr. Dabei muss jedoch beachtet werden, dass in dieser Studie die volle okklusale Belastung von
den Restaurationen getragen werden musste. Daher kann die Verwendung einer Aufbissschiene zur

Minimierung des VerschleiBRfortschritts empfohlen werden.

Die teils heterogenen Ergebnisse hinsichtlich der VerschleiBraten, vor allem die hohe
Schwankungsbreite in Komposit Gruppe, deuten darauf hin, dass die Kompositrestaurationen sensibler
auf Parafunktionen und eine erhohte funktionelle Aktivitat reagieren. Ubertagen auf die tagliche Praxis
wiirde dieser Zusammenhang ein sorgféltiges Patientenscrenning und eine genaue Indikationsstellung
erfordern um das individuell am besten geeignete Material zu verarbeiten. Dariiber hinaus kdnnen die
unterschiedlichen Abnutzungsraten im Seitenzahnbereich auch auf die physiologisch bedingt
abweichenden Kaukrafte von Prémolaren und Molaren zuriickzufuhren sein, wie es u.a. Ferrario et al.
in ihrer Arbeit zeigten [83]. Dies konnte den erhéhten Verschleil’ bei Molarenrestaurationen in beiden
Gruppen erklaren. Bei der Interpretation muss jedoch bericksichtigt werden, dass jedes
Ungleichgewicht in der Okklusion durch dentoalveoldre Kompensationsmechanismen wie vertikale

oder horizontale Zahnbewegungen ausgeglichen werden kdnnte [60, 84].

Bei der Interpretation der Ergebnisse dieser Studie missen einige methodische Limitationen
beriicksichtigt werden. Eingangs muss erwahnt werden, dass die Ergebnisse mdglicherweise nicht auf

andere auf dem Dentalmarkt erhaltliche CAD/CAM-Komposite mit differierenden mechanischen
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Eigenschaften Ubertragbar sind, was zu abweichenden Verschleiliraten fuhren kdnnte. Zum anderen
handelt es sich in der vorgestellten Studie um eine vergleichsweise kleine Patientenkohorte, die die
Aussagekraft der Studie hinsichtlich verschiedener Altersgruppen einschrankt. Hinzukommend mussten
einige Recalldaten aufgrund nicht tolerierbarer Uberlagerungsfehler von weiteren Analysen
ausgeschlossen werden, insbesondere bei den Patienten, die in der Kompositgruppe vergleichsweise
hohe VerschleiRraten aufwiesen. Dieser Datenverlust ist somit vermutlich auf die Bildung von
vergrolRerten okklusalen Kontaktflachen (Schneeschuh-Prinzip) und mdgliche Verformungen bei

Restaurationen im Laufe der Zeit zurtickzufuhren.

Die Durchfiihrung von komplexen Rehabilitationen mit Veranderung der vertikalen Dimension bleibt
eine grofle Herausforderung fiir Zahnérzte und Zahntechniker. Restaurationen aus Lithium-Disilikat-
Keramik zeigen in diesen Féllen stabilere und gleichméaRiger verteilte Verschleilraten im Vergleich zu
CAD/CAM-Kompositen. Dennoch besteht weiterhin der Bedarf an klinischen Longitudinalstudien mit
groReren Kohorten, um das VerschleiRverhalten von Restaurationsmaterialien besser vorhersagen zu
kénnen und Klinische Ergebnisse der eingesetzten Restaurationen sowie Referenzdaten natiirlicher
Z&hne zu kléaren. Die Entschlisselung des individuellen Abrasionsmusters des Patienten wirde eine
personalisiertere Zahnmedizin ermdglichen, indem das am besten geeigneten Material fir eine

prothetische Versorgung ausgewahlt werden konnte.
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4 Zusammenfassung

Die Pravalenz des nicht kariogenen Zahnhartsubstanzverlustes steigt weltweit. Wahrend die Behandlung
von komplexen Fallen des Abrasionsgebisses meistens mit Keramikrestaurationen als Goldstandard
durchgefuhrt wird, stellen innovative CAD/CAM-Komposite eine mdgliche Alternative dar. Die
klassische Behandlung mittels Lithium-Disilikat-Keramiken fiihrt zu einem meist nicht unerheblichen
Verlust an Zahnhartsubtanz durch die Préparation, was im Zuge eines minimal-invasiven
Behandlungkonzepts beriicksichtigt werden muss. Eine Rehabilitation mittels CAD/CAM-Kompositen
bietet einen 6konomischen und minimalinvasiven Weg zur Behandlung des Abrasionsgebisses. Hier
gibt es jedoch noch keine belastbaren klinischen Daten zum Abrasionsverhalten derartiger
Restaurationen. Vor diesem Hintergrund war das Ziel der vorliegenden Arbeiten, die Verschleilraten
einer Lithium-Disilikat-Keramik und einem CAD/CAM-Komposit, die Patienten im Zug einer

prothetischer Gesamtrehabilitation eingesetzt wurden, zu quantifizieren und zu vergleichen.

Die CAD/CAM-Komposit Restaurationen zeigten deutlich hohere VerschleiRraten als die Lithium-
Disilikat-Keramik. In beiden untersuchten Gruppen wurden signifikante Unterschiede zwischen
Pramolaren- und MolarenverschleiBraten festgestellt, mit hoheren Verschleilraten in der
Molarengruppe. Insgesamt konnten die vorliegenden Arbeiten zeigen, dass eine Behandlung mit
Restaurationen aus Lithium-Disilikat-Keramik und CAD/CAM-Kompositen innerhalb des untersuchten

Zeitraums von 3 Jahren unbedenklich ist.

Dariiber hinaus zeigen die erhobenen Daten, dass die Behandlung des Abrasionsgebisses mit
CAD/CAM-Kompositen mdglich ist. Allerdings scheint deren VerschleilRverhalten anfélliger zu sein
fur patientenindividuelle Parameter. Jedoch sind noch weitere prospektiv angelegte Studien notwendig,

um weitere Daten zu den untersuchten Restaurationen tber einen langeren Zeitraum zu erhalten.
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