
Introduction
Restoring posterior teeth poses a serious challenge for 
dental professionals, as restorations must not only meet 
aesthetic demands but also ensure proper function while 
preserving as much of the natural tooth structure as 
possible. Although direct composite restorations have 
been a common solution, they face limitations, especially 
in cases involving extensive cavities where durability 
and long-term performance are crucial. Indirect ceramic 
restorations have emerged as a superior alternative, 
offering enhanced durability, better resistance to wear, 
and improved aesthetics, particularly in larger cavities (1). 
Similarly, these restorations have proven superior to post-

core crowns, allowing for the preservation of more natural 
tooth structure (2).

Traditional indirect restoration techniques typically 
require two separate sessions. In the first session, an 
impression is taken after tooth preparation, and a 
temporary restoration is placed. The second session 
involves the removal of the temporary restoration and 
the application of the final restoration (3,4). During this 
process, the dentin is treated with bonding agents and 
luting resins before cementing the ceramic restoration. 
This method, known as delayed dentin sealing (DDS), has 
notable drawbacks. The temporary restoration may leave 
residual cement on the dentin surface, and contamination 
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Abstract
Introduction: While immediate dentin sealing enhances bond strength over delayed sealing, 
conflicting evidence exists regarding the efficacy of adjunctive techniques such as sandblasting 
and fiber reinforcement. This study aimed to compare the microtensile bond strength and failure 
modes of ceramic restorations bonded using immediate (IDS) versus delayed (DDS) dentin 
sealing methods.
Methods: Twenty human third molars were disinfected and randomly divided into control (DDS), 
IDS1 (with sandblasting), IDS2 (without sandblasting), and IDS3 (with fiber reinforcement) 
groups. After tooth preparation, the samples were stored in distilled water at 37°C for 7 days. 
Ceramic discs were treated with the 9.5% hydrofluoric acid and silane primer, then cemented to 
the prepared teeth. The samples were stored in distilled water at 37°C for 24 hours. Bar-shaped 
samples were sectioned, thermocycled, and stored for 72 hours in distilled water at 37°C before 
microtensile bond strength testing. Failure types were assessed using a stereomicroscope.
Results: The highest mean bond strength was observed in the IDS3 group (24.09 MPa), followed 
by IDS2 (21.38 MPa), IDS1 (21.08 MPa), and DDS (16.57 MPa). One-way analysis of variance 
(ANOVA) revealed a noticeable difference in bond strength between the groups (P < 0.001). 
Tukey’s post hoc test demonstrated that all three IDS groups had significantly higher bond 
strengths compared to the DDS group, while no significant differences were found between the 
IDS groups. Qualitative assessments of failure types showed that failures were primarily adhesive 
between cement and bond, particularly in the DDS and IDS1 groups. The IDS3 group exhibited 
more mixed failures, indicating a stronger bond.
Conclusion: Overall, immediate dentin sealing significantly improved bond strength compared 
to DDS, with no significant differences among the IDS techniques.
Keywords: Dental onlays, Dental resins, Dentin-bonding agents, Polyethylene, Dental restoration 
failure
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during the interval between sessions can impair the 
hybridization process. As a result, the bond strength 
may decrease because the final restoration is applied to 
a less-than-optimal dentin surface (5). In addition, DDS 
is associated with bacterial leakage and postoperative 
sensitivity, further affecting restoration success (6).

The concept of immediate dentin sealing (IDS) was 
introduced to address the shortcomings of DDS. IDS 
involves applying an adhesive agent to the freshly prepared 
dentin surface before placing the temporary restoration. 
This approach ensures that hybridization occurs on 
a clean, uncontaminated dentin surface, resulting in 
stronger and more reliable bonding (7-8). Further 
advancements in biomimetic dentistry have incorporated 
the use of polyethylene and glass fibers to reinforce 
restorations, especially in large cavities, where additional 
strength is necessary. These fibers improve fracture 
resistance, reduce microleakage, and act as a stress reliever 
(9,10). Additionally, surface conditioning methods, such 
as sandblasting (air abrasion with Al2O3 particles), have 
been explored to improve bond strength by increasing 
surface roughness and removing contamination, thereby 
enhancing mechanical adhesion (11).

Despite the promising developments in IDS and the 
use of advanced materials and techniques, there remains 
a lack of consensus regarding the most effective methods 
for conditioning dentin surfaces during the IDS process. 
There are conflicting reports on post-IDS air abrasion. 
Some studies show higher retention (12,13), while 
others report reduced bond strength (14,15); likewise, 
polyethylene-fiber reinforcement demonstrates pro 
results in some studies (16), but con findings in others 
(17). Given these uncertainties and the contradictory 
results in the literature, this study aims to investigate the 
microtensile bond strength of ceramic restorations to 
dentin, comparing the conventional DDS method with 
various IDS techniques, including the application of 
sandblasting and polyethylene fibers.

Materials and Methods
Study Design and Sample Preparation
This in vitro study was approved by the Ethics Committee 
of Mashhad University of Medical Sciences, Iran (protocol 
No. IR.MUMS.DENTISTRY.REC.1401.152) on March 
11, 2023.

Twenty human third molars were extracted from 
patients referred to the Oral and Maxillofacial Surgery 
Department of Mashhad Dental School. The teeth were 
carefully examined under a stereomicroscope (Dino-Lite, 
25X magnification) to ensure they were free of cracks. The 
teeth were then disinfected in a 0.5% chloramine solution 
and stored at 4 °C for 24 hours. Twenty IPS e.max Press 
HT cylindrical ceramic discs (Ivoclar, Switzerland) with 
a 4 mm height and a 13 mm diameter were prepared. 
According to the cementing technique, both discs and 
teeth were randomly divided into control (DDS), IDS1 
(with sandblasting), IDS2 (without sandblasting), and 

IDS3 (with fiber reinforcement) groups (n = 5 per group).
To remove the occlusal enamel, the occlusal surfaces 

were flattened using a trimmer (MESTRA, Spain) and 
polished with silicon-carbide abrasive papers of 800, 1000, 
and 1200 grit (Starcke, Germany) suspended in water to 
ensure a smooth dentin surface. The root ends were cut 
flat to facilitate the mounting procedure.

Cementation Procedure
Delayed Dentin Sealing Group Preparation
The prepared teeth were kept in distilled water at 37 °C 
for seven days. Ceramic discs were etched using 9.5% 
hydrofluoric acid (Porcelain Etchant, Bisco Inc., USA) for 
90 seconds, rinsed, dried, and primed with silane primer 
(BIS-Silane, Bisco Inc., USA) as per the manufacturer’s 
instructions. In addition, the tooth surface was cleaned 
with an alcohol-soaked swab, washed, air-dried, and 
treated with a two-step 6th generation adhesive (Clearfil 
SE Bond, Kuraray, Japan). The primer was applied 
actively for 20 seconds, followed by gentle airflow for 5 
seconds to remove the solvent. Bonding was applied in 
the same manner and polymerized for 20 seconds using 
a light-curing unit (DBA, LUX VI, Woodpecker, China).

The prepared ceramic disc was cemented to the 
tooth using DUO-LINK UNIVERSAL (BISCO, USA). 
Furthermore, a 300-g load was applied to ensure uniform 
seating. Excess cement was removed and cured for 20 
seconds on each surface (buccal, lingual, mesial, distal, 
and occlusal from beyond the disc). Moreover, an oxygen-
inhibiting layer (Oxyguard, Kuraray; Tokyo, Japan) was 
applied at the interface of the ceramic disc and the tooth. 
Finally, the prepared samples were incubated (Nemo 
Fanavaran Pars, Iran) in distilled water at 37 °C for 24 
hours.

Immediate Dentin Sealing (With Sandblasting) Group 
Preparation
The IDS1 group followed the same bonding and 
cementation steps as the DDS group. Additionally, a 
1-mm layer of flowable composite (everX Flow, GC, 
Japan) was applied to the tooth surface and polymerized 
for 40 seconds. The surface was then treated with 90 µm 
aluminum oxide sandblasting (Westcode, China) for 10 
seconds, followed by ultrasonic cleaning for 5 minutes 
to remove excess particles. After washing and air drying, 
the ceramic discs were cemented, and the samples were 
stored in distilled water at 37 °C for 24 hours.

Immediate Dentin Sealing (Without Sandblasting) Group 
Preparation
The IDS2 group performed the same cementing steps as 
the IDS1 group while not conducting sandblasting.

Immediate Dentin Sealing (With Fiber Reinforcement) 
Group Preparation
A 1-mm layer of flowable composite (G-aenial Universal 
Flo, GC, Japan) was applied and left unpolymerized. In 
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addition, a single polyethylene fiber bundle (Ribbond-
THM, USA) measuring 6 × 4 mm was pre-wetted with 
unfilled bonding resin, blotted, then positioned flat, 
centrally, and parallel to the occlusal plane, slightly short 
of margins. The ribbon was gently adapted into the 
uncured composite to ensure complete impregnation 
and no voids. Next, the assembly was held at 65 °C for 
5 minutes. Further, the fiber was fully covered with a 
thin second layer of the same flowable composite and 
light-cured for 40 seconds. The specimens were stored in 
distilled water at 37 °C for 7 days; ceramic preparation and 
cementation proceeded as for other groups.

Pre-Test Preparations
The samples were mounted in self-curing acrylic 
(Acropars, Iran) and sectioned into bar-shaped specimens 
using a diamond blade (Nemo Fanavaran Pars, Iran) with 
100-µm precision and water cooling. The first cut of each 
block was excluded to avoid irregularities from excess or 
missing cement. Furthermore, bar-shaped samples with 
a cross-sectional area of 1.0 ± 0.1 mm² were prepared 
from each group (IDS1, IDS2, IDS3, and DDS). After 72 
hours of storage at 37°C in distilled water, the samples 
underwent 2,000 thermal cycles (5–55 °C; 20 seconds of 
dwell in water and 10 seconds of transfer). Ultimately, the 
samples were prepared for microtensile bond strength 
testing.

Microtensile Bond Strength Assessment 
Each sample was mounted in a universal testing 
machine (Santam, model STM-20, Tehran, Iran) with 
the longitudinal axis aligned to minimize bending stress. 
Bond strength was measured at a rate of 1 mm/min until 
failure, and the results were calculated in megapascals. 
Failure types were examined under a stereomicroscope at 
25X magnification.

Statistical Analysis
The obtained data were analyzed using SPSS, version 
25 (IBM, USA). Mean microtensile bond strength was 
estimated, and the normality of the data was tested using 
the Kolmogorov-Smirnov test. Moreover, a one-way 
analysis of variance (ANOVA) was used to compare the 
microtensile bond strength between the groups, followed 
by Tukey’s post hoc test for pairwise comparisons. The 
significance level in the study was considered to be 
P < 0.05.

Results
Microtensile Bond Strength
In this in vitro study, 20 teeth in four groups were examined 
for the microtensile bond strength of cemented ceramic 
discs. The mean ± standard deviation microtensile bond 
strength of the groups is provided in Table 1.

The normality of the data was evaluated in all parameters, 
and in all of them, the normal distribution of the data 
was confirmed by Kolmogorov-Smirnov statistics (P > 

0.05). One-way ANOVA analysis showed a significant 
difference between groups (P < 0.001). Therefore, Tukey’s 
post hoc test was used for pairwise comparisons. Tukey’s 
post hoc test revealed that the control group (DDS) had 
significantly lower microtensile bond strength than the 
other groups (P < 0.05). The graph in Figure 1 was drawn 
to better understand the difference in microtensile bond 
strength between groups.

Failure Type
Figure 2 shows the frequency of failure types in different 
groups. The most frequent failure mode was adhesive at the 
composite-adhesive interface. Adhesive failures between 
the composite and ceramic were also found in IDS1 and 
IDS3, and mixed failures were observed only in IDS3. 
Moreover, some failures taken by a stereomicroscope at 
25x magnification are displayed in Figures 2 and 3. 

Discussion 
The conventional approach for cementing indirect 
restorations (DDS) involves tooth preparation and 
sealing the dentin during restoration delivery. However, 
DDS often fails to meet optimal bonding expectations. 
IDS has been shown to address the disadvantages of DDS 
by reducing post-cementation dentin sensitivity and 
bacterial leakage while improving pulp survival.

Evidence on post-IDS air abrasion/tribochemical 
coating is contradictory. It can increase retention on the 
resin-coated surface (12,13), but aggressive abrasion or 
a thin adhesive layer may expose or damage the hybrid 
layer and reduce bond strength (14,15). On the other 
hand, polyethylene-fiber reinforcement can decrease 
polymerization-shrinkage stress and shift failures to more 
favorable modes, especially in high C-factor or deep dentin 
(16), but the benefit is inconsistent; poor fiber placement, 
inadequate resin wetting, or incompatibility with the 
adhesive/cement system can negate microtensile bond 
strength gains (17). Overall, IDS outcomes are technique-
sensitive and depend on adhesive film thickness, fiber 
handling, and bonding-system chemistry.

In this study, IDS demonstrated significantly higher 
bond strength compared to DDS, with no significant 
differences among the IDS techniques, which aligns 
with the findings of previous studies, highlighting the 
superiority of IDS over DDS (18,19). Hardan et al (18) 
reported improved dentin bond strength with IDS, 
which is consistent with our results. Their study used 
two adhesive types, etch-and-rinse and self-etch, without 

Table 1. Mean Microtensile Bond Strength for All Groups

Groups Mean ± SD*

DDS 16.56 ± 2.54a

IDS1 21.08 ± 3.77b

IDS2 21.37 ± 3.39b

IDS3 24.08 ± 3.05b

Note. SD: Standard deviation. *Different superscripted letters denote 
statistically significant differences between groups at P < 0.05.
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finding significant differences between them. Similarly, 
de Carvalho et al (20) found that IDS enhanced bond 
strength across all the studied adhesives, particularly 
when a flowable composite layer was applied. In our 
study, Clearfil SE Bond, a self-etch adhesive, combined 
with a flowable composite layer, yielded robust results.

Some review studies (21,22) have consistently 
emphasized the positive impact of IDS on reducing 
microleakage and postoperative sensitivity while 
improving the longevity of indirect restorations, which 
does not match the results of all studies. Falkensammer 
et al (13) concluded that IDS was less effective than DDS, 
possibly due to their use of eugenol-free cement. Their 
application of silica-coated aluminum oxide improved 

bond strength in both DDS and IDS groups, likely due to 
better removal of cement particles and enhanced chemical 
bonding. In contrast, our results revealed that sandblasting 
in the IDS1 group did not significantly improve bond 
strength, possibly due to storage conditions in distilled 
water rather than saliva, which may better replicate oral 
environments. Our finding that sandblasting (IDS1) did 
not further increase bond strength is compatible with 
reports that tribochemical silica coating/air abrasion may 
partially remove a thin IDS layer and thereby compromise 
the IDS benefit unless a sufficiently thick resin coat is 
protected, underscoring the technique sensitivity of post-
IDS surface conditioning (12).

Failure analysis in our study revealed that most failures 

Figure 1. Microtensile Bond Strengths in All Groups

Figure 2. Failure-Mode Distribution
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were adhesive between the composite and the bond, 
particularly in the DDS and IDS1 groups. IDS3 showed 
more mixed failures, indicating a stronger bond, likely 
due to polyethylene fibers. However, these findings are 
qualitative and have not been assessed quantitatively. 
Similarly, Falkensammer et al (13) found adhesive 
failures to dominate in IDS groups, while DDS displayed 
more mixed failures, a trend partially consistent with our 
results.

The use of polyethylene fibers in IDS3 did not 
significantly outperform other IDS methods, which 
conforms to the results of Belli et al (23), demonstrating 
that polyethylene fibers enhanced bond strength only 
in high C-factor cavities. In low C-factor scenarios (e.g., 
smooth dentin surfaces), they had no effect. The results 
in IDS3 likely stem from the IDS technique itself rather 
than the fibers. Additionally, the everX Flow composite 
used in the IDS1 and IDS2 groups, known for its short 
fiber reinforcement and thixotropic viscosity, likely 
contributed to the bond strength improvement.

Clearfil SE Bond (two-step self-etch) has been selected 
for this study because it contains 10-MDP, which 
forms stable MDP–Ca bonds with hydroxyapatite and 
supports durable resin-dentin interfaces (24). Among 
self-etch systems, Clearfil SE Bond is widely regarded as 
a benchmark (“gold standard”) with strong short-term 
and long-term performance (25), including randomized 
clinical data (26). Its frequent use in IDS protocols reflects 
this chemistry-driven reliability and corroborates the 
evidence that IDS improves μTBS versus DDS (4,14).

While comparing IDS methods, no prior studies 
have mirrored our experimental design in terms of 
adhesive layers, flowable composite use, or sandblasting 
techniques. Further research is needed to evaluate these 
variables systematically.

The findings of this study, based on an in vitro design, 
may not be fully generalizable to clinical practices. The 
omission of impression-taking and temporary restoration, 
both of which could influence outcomes, is a limitation 
of this study. Future studies should focus on simulating 

oral conditions and evaluating bond strength over time to 
provide more clinically relevant insights.

Conclusion
IDS significantly improved bond strength compared 
to DDS, whether applied with a high-filler flowable 
composite, with or without sandblasting, or combined 
with polyethylene fibers. However, no significant 
differences were observed among the IDS techniques. 
Further studies are required under conditions replicating 
the oral environment.
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