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A B S T R A C T

Objectives: This study evaluated the long-term clinical performance and survival of CAD-CAM-fabricated partial 
ceramic crowns (PCCs) luted with either self-adhesive resin cement, or conventional luting composite combined 
with a universal adhesive, applied without or with selective enamel etching.
Methods: A 12 year follow-up of a randomized split-mouth clinical trial initially including 48 patients was 
conducted. PCCs were luted with three different randomized luting protocols (all material: Solventum): RXU 
(RelyX Unicem), SBU-E (RelyX Ultimate/Scotchbond Universal, no selective enamel etching), SBU+E (RelyX 
Ultimate/Scotchbond Universal, with selective enamel etching). Clinical performance was assessed using FDI 
criteria at baseline and after 12 years. Survival rates were calculated using Kaplan-Meier analysis, and statistical 
differences between groups and over time were tested using Chi-square and log-rank tests (α=0.05).
Results: After a median observation period of 12.2 years, 16 patients (38 restorations) were available for clinical 
evaluation. By including information from files of patients that were not available for clinical evaluation, the 
Kaplan-Meier survival analysis included 35 patients (87 restorations). The survival rates significantly differed 
between the groups: RXU (36.4 %), SBU-E (60.7 %), and SBU+E (80.8 %). RXU demonstrated significantly lower 
survival compared to both SBU-E (p = 0.034) and SBU+E (p = 0.001), while no significant difference was 
observed between SBU-E and SBU+E (p = 0.141). Clinical performance evaluated according to FDI criteria 
remained acceptable for all groups and criteria at 12 years, with mostly minor aging-related changes observed, e. 
g. in terms of a significant increase in marginal staining (p ≤ 0.002) for all groups and a significant deterioration 
in marginal adaptation for RXU (p = 0.009) and SBU-E (p = 0.003) over time. PCCs placed with a universal 
adhesive and conventional luting composite combination showed a significantly higher survival compared to 
PCCs placed with self-adhesive resin cement. Selective enamel etching by tendency improved the performance of 
the conventional luting composite.
Significance: The study highlights the importance of adhesive protocols in achieving long-term survival and 
clinical success for PCCs, particularly emphasizing the benefits of universal adhesives without or with selective 
enamel etching combined with luting composites.

1. Introduction

Partial ceramic crowns (PCCs) are a well-established option for 
restoring severely damaged teeth in the posterior region [1,2]. They 

offer both functional and esthetic benefits, while their long-term success 
depends on several factors, including the remaining tooth structure, the 
material properties of the ceramic and the stability of the entire 
biomechanical unit of tooth, adhesive material and restoration [1,3,4].
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A decisive aspect is the choice of the luting method. Various luting or 
cementation techniques are discussed, with multi-step adhesive systems 
combined with conventional luting composites being considered as the 
gold standard. Nowadays, universal adhesives with fewer steps do not 
appear to lead to inferior results, as recently summarized in a systematic 
review on non-carious cervical lesions [5]. Self-adhesive materials 
without a separately applied adhesive system have been investigated 
both clinically and in vitro both in the form of cements for luting res
torations and in the form of filled bulkfill composites. They can also 
show micromorphological interactions with dental hard tissues [1,6–8]. 
However, the question of whether glass-ceramic restorations should be 
cemented with conventional luting composites in combination with 
universal adhesives or with self-adhesive resin cements has not yet been 
conclusively answered in long-term clinical studies [9,10].

Studies on direct Class V composite restorations indicate that selec
tive enamel etching prior self-etch adhesive application improves 
retention and marginal color stability [11]. A notable example is the 
silane- and MDP-containing universal adhesive Scotchbond Universal 
(SBU; Solventum, St. Paul, MN, USA), which contributed a survival rate 
of over 85 % of Class V resin composite restorations after three years 
[12,13], a survival rate of 100 % of class II resin composite restorations 
in posterior teeth after one year [14] and over 80 % of such class II 
restorations in primary molars after 18 months [15]. Another 5-year 
study on class V restoration in non-carious cervical lesions with 
Scotchbond Universal achieved retention rates of 93 for total etch, 
88.4 % after selective enamel etch, and 81.4 % in self-etch mode, which 
strengthens the recommendation for additional phosphoric acid appli
cation [16]. It should be noted that Class V restorations have different 
requirements than occlusal load-bearing restorations, and the results are 
therefore not to be transferred equivalently. CAD-CAM-fabricated 
ceramic restorations have also shown high clinical success rates. Two 
meta-analyses showed a 10-year survival rate of at least 89 % for inlays, 
onlays and overlays made of different glass ceramics [17,18].

A previous study by our group compared different cementation 
protocols for CAD-CAM-fabricated PCCs: self-adhesive resin cement, 
conventional luting composite with universal adhesive without selective 
enamel etching and conventional luting composite with universal ad
hesive and with selective enamel etching [19]. The mid-term results of 
this study after 39 months showed that PCCs cemented with 
self-adhesive resin cement had a significantly lower survival rate than 
those cemented with conventional luting composite in combination with 
universal adhesives [19]. Due to the limited availability of long-term 
clinical data, a follow-up study was conducted to validate these results.

The primary objective of this follow-up of a prospective, randomized 
split-mouth study was to evaluate the clinical performance of PCCs over 
a period of up to 12 years luted with a self-adhesive resin cement or a 
conventional luting-composite combined with a universal adhesive 
without or with selective enamel etching. To the best of our knowledge, 
this is the first study to compare SBU as an adhesive system both in self- 
etch mode and with selective enamel etching for the luting of indirect 
CAD-CAM restorations with conventional luting composite. The null 
hypothesis tested was that there are no significant differences between 
the cementation methods regarding clinical survival and performance 
assessed with FDI criteria.

2. Material and methods

2.1. Study design

The present study is a 12-year follow-up examination of a prospec
tive controlled clinical split-mouth study investigating the clinical per
formance of CAD-CAM-fabricated partial ceramic crowns (PCCs) luted 
with a self-adhesive resin cement or with a conventional luting com
posite combined with a universal adhesive either without or with pre
vious selective enamel etching. The 18- and 39-month results of this 
study have been published earlier [19,20].

The original clinical study as well as the present follow-up investi
gation were approved by the Internal Review Board of affiliation 
removed due to anonymization (references 11–101–0065 and 
11–65_1–101) and registered with the German Clinical Trials Register 
(DRKS 00003059). Written informed consent was obtained from all in
dividual patients both before they were included in the study and for this 
long-term investigation. The study was planned, realized and reported in 
accordance with the 1964 Helsinki Declaration and its later amend
ments [21] or comparable ethical standards and the CONSORT state
ment [22] including its newly published version for this evaluation time 
point [23].

2.2. Patient selection

48 patients had been originally recruited from the patient pool of 
affiliation removed due to anonymization. Criteria for inclusion and 
exclusion have been described earlier in detail [19,20]. Patients had to 
present three large defects of the dental hard tissues in premolars or 
molars (occlusal cavity width > 1/3 of the width in bucco-oral direction) 
suitable for restoration with PCCs and positive sensitivity test to cold of 
the respective teeth. Furthermore, the teeth to be restored had to be free 
of any symptoms of pain, show tooth mobility less or equal grade I 
(mobility discernible, but not visible), and the application of rubber dam 
isolation had to be possible for insertion of PCCs. The study followed a 
parallel design with an allocation ratio of 1:1:1 for the three materials 
applied to the study teeth, resulting in 48 teeth per group at the start [19, 
20]. Patients and members of the public were not involved in the design, 
conduct, or reporting of this trial.

2.3. Clinical restorative procedures

The clinical restorative procedures were performed by fifth-year 
dental students who were trained in the preparation and fabrication of 
CAD-CAM PCCs and supervised by experienced dentists. The procedures 
have been previously described in detail [19,20] and are therefore only 
briefly summarized as follows. Functional cusps were covered while 
nonfunctional cusps were left uncovered when applicable. It was not 
feasible when there were hairline cracks or extended composite build-up 
restorations. Conventional impressions were taken using either a 
two-step correction impression technique with Silaplast Futur and 
Silasoft N condensation silicone (Detax, Ettlingen, Germany) or a 
one-step impression with Impregum Penta Soft polyether (Solventum, 
St. Paul, MN, USA). Temporary restorations were fabricated chairside 
using a self-curing bis-acrylic resin (Luxatemp, DMG, Hamburg, Ger
many) and secured with an eugenol-free temporary cement (RelyX Temp 
NE, Solventum, St. Paul, MN, USA). Master models were produced using 
Type 4 dental stone (GC Fujirock, GC Europe, Leuven, Belgium) and 
served as the basis for the CAD-CAM-fabrication of monolithic 
fine-particle feldspar K-Na-Al-silicate glass PCCs (VITA Mark II, VITA 
Zahnfabrik, Bad Säckingen, Germany) with a flexural strength (ISO 
6872) of 154 MPa according to the manufacturer documentation using 
the Sirona CEREC system (SW 4.0, Bluecam, Optispray; Sirona, Ben
sheim, Germany). The restorations were then characterized and glazed 
following the manufacturer’s instructions (Vita Akzent Plus Glaze 
Powder, Vita Akzent Plus Glaze Fluid, VITA Zahnfabrik). The random 
assignment sequence was carried out in such a way that three envelopes 
were prepared with the three treatment options, which were then 
blindly assigned to the teeth to be treated in ascending order according 
to the FDI system of the respective tooth. Patients were also blinded to 
the respective materials. Clinical follow-up evaluations were performed 
by blinded clinicians not involved in the clinical procedures which was 
possible due to the similarity of restorations made from the same 
ceramic material. The investigated materials were a self-adhesive resin 
cement (RelyX Unicem 2, Solventum) and a conventional luting com
posite (RelyX Ultimate, Solventum) either without (SB-E) or with 
(SB+E) selective enamel etching (15 s, Scotchbond Universal Etchant, 
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Solventum; 35 % H3PO4) before application of a universal adhesive 
(Scotchbond Universal, Solventum). All restorations were placed under 
rubber dam isolation. Before insertion, the respective teeth were cleaned 
with a mixture of pumice and water, thoroughly rinsed by water spray 
and lightly air-dried. The pretreatment protocols for cavities and res
torations during the luting procedure are summarized in Table 1.

Following the pretreatment, all restorations were seated and held in 
place applying constant finger pressure, and excess cement was 
removed. Light polymerization was carried out from the buccal, oral, 
and occlusal surfaces of the restoration for 20 s each (BluePhase C8, 
Ivoclar Vivadent GmbH, Schaan, Liechtenstein; >1000 mW/cm²). The 
occlusal contacts were adjusted if necessary. Excess material was 
removed, and final polishing was performed.

2.4. Clinical examination

Clinical examination was performed by two blinded examiners out of 
a pool of trained and calibrated examiners (JLP, KJS, FC and IMS) who 
had not been involved in the respective treatments and were blinded 
regarding the luting procedure used for the respective PCC.

The present study reports the results at baseline (BL) and after 12 
years (12-y), while previous studies have already reported the results up 
to 39 months [19,20]. The clinical evaluation of the restorations was 
conducted using the FDI clinical criteria and scoring system [24]. To 
assess their clinical performance over a period of 12 years, only the FDI 
criteria relevant for the study hypotheses were selected for depiction 
aiming for a better overview: 

• Esthetic properties 
o Surface luster (A1)
o Marginal staining (A2b)
o Color match and translucency (A3)

• Functional properties 
o Fracture of material and retention (B5)
o Marginal adaptation (B6)

• Biological properties 
o Periodontal response (C14)

Each restoration was independently examined by both examiners. In 
the event of a disagreement, a consensus was reached through imme
diate joint discussion and reexamination. Additionally, the PBI (papilla 
bleeding index) [25] was assessed to evaluate the patients’ oral hygiene, 
and clinical photographs of each restoration were taken. An exemplary 
clinical follow-up at 12 years is shown in Fig. 1. Concomitant care or 
interventions on the study teeth were not performed during the trial. 
Sample size calculation was not performed for this long-term observa
tion of a clinical cohort, as all patients achievable were included.

2.5. Data analysis

Non-parametrical analyses (α = 0.05) were performed using SPSS 
version 25 (SPSS, Chicago, USA). FDI criteria were analyzed using Chi- 
square tests for pairwise differences among the three luting procedures 
and within each luting procedure over time. Based on clinical failures 
causing complete debonding, trepanation of the restoration in terms of 
endodontic treatment or need for replacement of the restorations, the 
Kaplan-Meier survival rates were calculated [26] and log rank (Man
tel-Cox) test was used for testing the equality of survival distributions for 
the different luting procedures. In case of complete debonding, un
damaged restorations could be re-cemented; however, since the luting 
procedure is the focus of the study, such cases were registered as failures 
and were not further clinically re-examined in the course of the study. 
All evaluated patients with at least one restoration under risk were 
included in the statistical analysis, as well as any patient for whom a file 
analysis was evident whether the PCCs were still in service or when and 
why they had failed.

3. Results

3.1. Recall rate

Fig. 2 shows the patient flow through the stages of this study. Out of 
initially 48 patients, 16 patients with 38 restorations could be recruited 
for a further recall after a median (1st; 3rd quartile) observation period 
of 147 (143; 148) months which is equivalent to 12.2 years. 9 patients 
were female (56 %) and 7 were male (44 %). No patients were excluded 
from any group due to harm or unintended events unrelated to the study 
as during the course of this long-term evaluation no invasive measures 
were performed (Fig. 2). The median age of the available patients was 
60.3 years (range: 41–73.4 years) at the present evaluation time point. 
In the 16 patients available for clinical evaluation, 10 PCCs inserted with 
self-adhesive resin cement were still in service, while 12 PCCs inserted 
with SB-E and 16 PCCs inserted with SB+E were still in situ. Addition
ally, by including information from patient files regarding failure 
documentation without clinically assessing these patients, it was 
possible to include 35 patients (87 restorations) in total in the Kaplan- 
Meier survival analysis.

Table 1 
Pretreatment procedures of cavity and restoration surfaces for RXU, SB-E and 
SB+E.

RXU SB – E SB + E

Cavity - 20 s application of 
Scotchbond 
Universal in self- 
etch mode 
(Solventum)

15 s selective enamel 
etching (37 % H3PO4, 
Scotchbond 
Universal, 
Solventum), 
20 s application of 
Scotchbond 
Universal 
(Solventum)

Restoration 60 s etching the basal ceramic surface (5 % hydrofluoric acid, VITA 
ceramics etch, VITA Zahnfabrik)

​ Silane-containing 
ceramic primer 
(RelyX Ceramic 
Primer, Solventum)

20 s application of 
Scotchbond 
Universal 
(Solventum)

20 s application of 
Scotchbond 
Universal 
(Solventum)

Fig. 1. Clinical follow-up up of teeth 14, 15 and 17 at 12 years.
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3.2. Survival analysis

Table 2 lists the reasons for failure that led to the replacement of the 
partial crowns. All fractures occurring during the study were irreparable 
and necessitated replacement of the restoration. The Kaplan- Meier 
survival analysis included 35 patients and 87 restorations (33 RXU, 28 
SBU-E and 26 SBU+E). The survival rates (95 % confidence intervals) of 
the restorations at 12 years were 36.4 % (± 8.4 %) for RXU, 60.7 % (±
8.2 %) for SBU-E and 80.8 % (± 7.7 %) for SBU+E (Fig. 3). The overall 
comparison among the three materials using the Log-Rank (Chi-square) 
test revealed a significant difference (p = 0.002). In subsequent pairwise 
Log-Rank comparisons, significant differences were observed between 
RXU and SBU-E (p = 0.034) and between RXU and SBU+E (p = 0.001), 

whereas the difference between SBU-E and SBU+E was not significant 
(p = 0.141).

3.3. Clinical performance according to FDI criteria

At 12 years, no significant differences were found between the 
groups (RXU vs. SBU-E, SBU+E vs. SBU-E and SBU+E vs. RXU). Dif
ferences near the level of significance were limited in the criterion 
fracture of material and retention (p = 0.052), as well as marginal 

Fig. 2. Flow Chart showing number of examined patients and restoration failures within groups at respective time points. Notably, none of these failures occurred 
exactly at the 12-year recall, which is why the respective cases are not listed in Table 2 under criterion B5.

Table 2 
Reasons for non-survival and respective year of failure. Notably, none of these 
failures occurred exactly at the 12-year recall, which is why the respective cases 
are not listed in Table 2 under criterion B5. Due to the small number of com
plications and their asymmetric distribution among groups and timepoints, a 
Kaplan–Meier analysis limited solely to fractures or debondings could not be 
valuably performed.

Year of failure Debonding 
RXU SB-E 
SB+E

Fracture 
RXU SB-E 
SB+E

Endod. 
treatment 
RXU SB-E 
SB+E

Other 
reasons RXU 
SB-E SB+E

1 6 2 ​ 2 1 1 1 ​ 2 ​ ​ ​
2 3 1 ​ ​ 1 ​ ​ ​ ​ 1 ​ ​
3 1 ​ ​ ​ 1 ​ 1 ​ ​ ​ ​ 1
4 2 ​ ​ 1 1 ​ ​ ​ 1 1 1 ​
6 ​ ​ ​ 1 ​ ​ ​ ​ ​ ​ 1 ​
7 1 ​ ​ ​ ​ ​ ​ 1 ​ ​ ​ ​
11 ​ ​ ​ ​ 1 ​ ​ ​ ​ ​ ​ ​
total 13 3 ​ 4 5 1 2 1 3 2 2 1

Fig. 3. Kaplan-Meier Survival of the PCCs from the three different luting pro
cedures. Cumulative survival shown with the solid line. The dashed lines 
indicate upper and lower confidence limits.
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adaptation (p = 0.064) when all groups were compared with each other.
Considering individual groups, various changes between baseline 

and 12 years are noticeable.
Within the RXU group, there was significant deterioration in the 

criteria marginal staining (p < 0.001), color match and translucency 
(p = 0.022), marginal adaptation (p = 0.009) and periodontal response 
(p < 0.001) over time.

The SBU-E group demonstrated statistically significant deterioration 
in the criteria surface luster (p = 0.027), marginal staining (p < 0.001), 
marginal adaptation (p = 0.003) and periodontal response (p = 0.014) 
over time.

The third group SBUþE showed the least aging. Hereby, there were 
significant differences in the criteria marginal staining (p = 0.002) and 
periodontal response (p = 0.001) over time.

Table 3 provides an overview of the results. Only one PCC belonging 
to the RXU group was scored as partially insufficient during the clinical 
examination (score = 4) because of a localized, displeasing deep mar
ginal staining (Fig. 4). The patient was recommended a polish for repair, 
which he refused. All other PCCs examined were in the clinically 
acceptable range (score = 1–3). The changes in all groups can be 

attributed to signs of ageing. The finding in the periodontal response 
criterion can be explained by a slight deterioration in individual oral 
hygiene.

Table 3 
Clinical performance according to FDI criteria.

Clinically acceptable scores (1–3) are highlighted in light blue, clinically non-acceptable scores (4–5) are highlighted in dark blue. n.s. = not statistically significant 
(p > 0.05). Notably, the failures in the form of debonding and fracture did not occur exactly at the 12 y clinical evaluation, which is why no failures are listed under B5 
here. These failures are presented in Table 2 and Fig. 2.

Fig. 4. Tooth 48 at 12 years clinical examination with localized, buccal deep 
marginal staining.
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4. Discussion

Long-term investigations of partial ceramic restorations are needed 
to assess the influence of tooth preparation, choice of material or choice 
of the luting procedure on restoration longevity [1]. Therefore, the aim 
of the present study was to follow-up a randomized split-mouth clinical 
trial to evaluate the clinical performance and survival of PCCs placed 
with either self-adhesive resin cement or conventional luting composite 
with or without prior selective enamel etching 12 years after restoration 
placement [19,20]. Since patients are generally difficult to recruit for a 
parallel design requiring three crowns, the condition of including a 
fourth tooth with a total-etch multistep adhesive and conventional lut
ing composite was waived, and the study was planned under the hy
pothesis that the three experimental groups would not differ 
significantly.

Despite the inclusion of 48 patients at the beginning of the present 
study, only 16 patients could be clinically reevaluated after 12 years, 
which corresponds to a recall rate of 32 % for assessment of clinical 
performance according to FDI criteria. The main reason for this decline 
is that the patients could no longer be reached at their contact infor
mation after the long period of time. Also, other reasons have already 
been discussed previously [27], such as the fact that the 12-year 
observation period was not planned from the beginning of the study 
and the large catchment area around the affiliation removed due to 
anonymization with the inconvenience for patients to shoulder long 
travel distances and associated costs to reach the University Hospital. 
Nevertheless, clinical survival could still be assessed for 35 patients their 
patient files, resulting in a recall rate for Kaplan-Meier survival analysis 
of 73 %.

The clinical course of the present 12.2-year study had already been 
published twice before, namely after 18 months and after 39 months 
[19,20]. At 18 months, Kaplan–Meier analysis revealed survival rates of 
97.8 % for SB+E, 95.6 % for SB–E, and 75.6 % for RXU, demonstrating 
statistically significant differences between RXU and both SB–E 
(p = 0.007) and SB+E (p = 0.002). At 39 months, RXU showed further 
deterioration with a survival rate of 69 % compared to 88 % for SB–E 
(p = 0.022) and 96 % for SB+E (p ≤ 0.001), and this trend was even 
more pronounced after the present 12.2 years, where survival declined 
to 36.4 % for RXU versus 60.7 % for SB–E (p = 0.034) and 80.8 % for 
SB+E (p = 0.001), highlighting the critical role of observation period, 
the importance of conducting long-term evaluations in complex clinical 
evaluations [1,27,28] and the potential long-term benefits of selective 
enamel etching combined with Scotchbond Universal and a conven
tional dual-cure luting composite.

Although the difference between the groups SBU-E (60.7 %) and 
SBU+E (80.8 %) did not reach the level of clinical significance 
(p = 0.141), the numerical difference of 20.1 % might still have clinical 
relevance and importance, potentially indicating a trend toward 
improved performance with the addition of selective enamel etching 
[29,30].

While prior application of Scotchbond Universal to etched dentin 
resulted in longer tags but not increased bond strength compared to 
unetched dentin [31], another in vitro study demonstrated that etching 
enamel improved the micromorphological interaction in terms of 
enamel tags, increased bond strength, and enhanced the durability of the 
bonding for all universal adhesives tested on enamel [32]. One possible 
reason for this could be that with a universal adhesive featuring an 
ultramild pH, such as Scotchbond Universal (pH approximately 2.7), a 
pronounced improvement in microetching patterns can be achieved in 
enamel when selective etching is performed [33]. Since the mere pres
ence of 10-MDP in Scotchbond Universal does not appear to have a 
significant effect on surface wetting, topographical changes, or adhe
siveness to enamel, selective enamel etching might particularly enhance 
the performance of this system [34].

The choice of material for the placement of ceramic inlays, onlays 
and crowns is a decisive factor for clinical performance and clinical 

survival [35]. In principle, adhesive luting of ceramic restorations has 
the potential for significantly better survival up to 43 years compared to 
zinc phosphate cements, as the latter fail more frequently due to sec
ondary caries, the need for endodontic treatment and debonding [35]. 
Furthermore, adhesively cemented ceramic restorations can naturally be 
prepared less invasively, as no macro-mechanical retention between the 
prepared tooth and the restoration is required. This leads to less hard 
tissue removal, more coronally positioned restoration margins and thus 
better accessibility for biofilm management, which might help to pre
vent secondary caries or periodontal complications in the region of the 
respective teeth [36].

It is also conceivable that the survival rates may be lower in the 
present study (36.4 % – 80.8 %), because the dental treatments were 
performed by students, whereas high survival rates of 98.7 % were 
achieved for non-university settings over up to 15 years [37]. This 
phenomenon was also previously described by Frankenberger et al. 
[38]: Two operators with 15 and 5 years of professional experience 
reached significantly different survival rates after 5 years, ranging from 
97.4 % to 75.4 %. This strongly suggests that the survival rates of 
ceramic restorations placed by students may differ and be lower. How
ever, the survival rate of 80 % after 12 years in this setting suggests that 
SBU+E is a reliable and long-term stable treatment option. Furthermore, 
it is important to consider that, on the one hand, the student operators in 
our setting were supervised during the critical clinical steps, and on the 
other hand, the glass ceramic used in this study has a flexural strength 
about three times lower compared to the lithium disilicate ceramics used 
in the non-university setting study [37]. Therefore, the effect of the 
ceramic material choice (feldspar vs lithium disilicate) may have been 
the major factor for the differing results of these two studies, which is 
also in line with another study investigating lithium disilicate CAD-CAM 
restorations delivered by 3rd and 4th year students showing a survival 
probability of more than 84 % after 98 months ran [39]. However, 
clinical controlled studies comparing the survival of fine particle feld
spar ceramic onlays with ceramics with higher flexural strength are 
lacking.

In the two other long-term studies of our group, the same fine par
ticle feldspar CAD-CAM ceramic was used for most of the study teeth. 
Fractures, which are the major failure reason influenced by the ceramic 
material choice could be observed in 7 of the initially 86 study resto
rations after 15 years [1] and in 3 out of 29 ceramic restorations after 
19.9 years, respectively [28]. This aligns with the study results on 65 
Vita Mark II CAD-CAM processed restorations without control group by 
Otto et al., which reported around 95 % survival rate for crowns and 
90.5 % for molar endo-crowns or 75 % for premolar endo-crowns after 
12 years [40]. Additionally, a systematic review revealed that survival 
rates of more than 90 % after 10 years for inlays, onlays and overlays 
made from glass-ceramics and feldspathic porcelain [18] can be ach
ieved highlighting the suitability of these materials despite the intro
duction of materials with better mechanical properties.

Furthermore, in addition to the lack of clinical experience of the 
operators, it can be discussed whether the longer treatment times and 
the additional use of rubber dam in the student course are associated 
with over-drying of the dentin, which would impair the adhesive bond 
or particularly the performance of the self-adhesive material [1,41]. A 
recent systematic review and meta-analysis also indicates that both, 
selective enamel etching without dentin adhesive and self-etch adhe
sives had lower debonding incidences and higher survival rates than 
single-step self-adhesive luting resins for intracoronal restorations [42].

Adhesive placement preceded by selective enamel etching and sub
sequent rinsing of the tooth with water could contribute to a re- 
moisturization within the dentin, which in the specific situation of the 
present study due to longer periods of rubber dam application in a 
student setup may experience more moisture loss than is subsequently 
reintroduced by the application of the water-containing adhesive sys
tem. This could improve the adhesive bond and thus also influence the 
improved survival of SBU+E (80.8 %) as compared to SBU-E (60.7 %). 

J.L. Pfister et al.                                                                                                                                                                                                                                 Dental Materials 42 (2026) 628–635 

633 



This hypothesis has already been put forward in a long-term split-mouth 
study on partial ceramic crowns with self-adhesive resin cements but 
also appears to be potentially applicable to lesser extent when the uni
versal adhesive Scotchbond Universal is applied, which contains water 
and alcohol as solvents [43]. Since another recent systematic review 
found no statistically significant differences between the survival rates 
of different ceramic and ceramic-based partial restorations in the 
short-term (1–3 years of follow-up) in clinical studies [3], it would also 
be worth investigating similar long-term cohorts with restorations made 
from lithium disilicate ceramic like the ones made from glass ceramic 
here. The results of the present study also highlight a longer observation 
period, as initially small differences between luting protocols can still 
increase after longer observation periods, as in the present study be
tween SB-E and SB+E (Fig. 3).

Another retrospective study also examined ceramic restorations in 
comparison with gold restorations, both fabricated by supervised un
dergraduate students [2]. The cumulative survival rates of the ceramic 
restorations were 93.9 after a mean service time of 15.2 years and 
decreased to 91.7 % after 23.5 years. However, in contrast to the present 
study, the retrospective study did not describe the luting procedures as 
exactly as the present study and did not randomize the study teeth ac
cording to the luting procedure [2]. Furthermore, it must be mentioned 
that a retrospective design tends not to include patients with poor 
compliance in terms of a recall bias [44] and that the other study did not 
differentiate between inlays and onlays. This could explain why the 
survival rates of the retrospective study were higher than in the group 
with the highest survival rate in the present study (SBU+E), which 
reached just over 80 % after 12 years.

Two further non-controlled, non-randomized studies examined, 
among other things, partial crowns made of pressed lithium disilicate 
ceramic over periods of 16.9 years [45] and 12 years [46], resulting in 
survival rates exceeding 95 %. In these studies, the thickness of the ce
ramics had no significant impact on outcomes [45]. Moreover, patients 
with severe wear [46] were successfully treated throughout the entire 
observation period. This supports the successful integration of partial 
ceramic crowns into long lasting restorative treatment concepts.

5. Conclusions

This study demonstrates that conventional luting composite com
bined with a universal adhesive significantly enhances the survival rates 
of CAD-CAM-fabricated partial ceramic crowns over a 12-year period 
compared to self-adhesive resin cement. Selective enamel etching may 
further improve longevity and clinical performance of a universal ad
hesive combined with conventional dual-cure luting composite.
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on clinical outcome of bonded ceramic inlays. Dent Mater 2009;25(8):960–8.

[39] Tran C, Lee S, Gao F, Philip S, Pan A, Bolch C, et al. Survivability of lithium 
disilicate CAD/CAM restorations delivered by predoctoral students. J Dent Educ 
2025;89(10):1495–505.
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