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Abstract:

Objective: This study aimed to assess the impact of two shallow retentive designs on the fracture resistance of maxillary
molars restored with resin nanoceramic overlays.

Material and Methods: Thirty extracted human maxillary molars were randomly divided into three groups (n=10): an intact
control group and two experimental groups with different shallow retentive designs (shallow occlusal canal and shallow
central dowel). All preparations included a standardized 1.5-mm occlusal reduction with additional cavity modifications
according to the respective design. Overlays were fabricated using a resin nanoceramic and bonded with a dual-cured
resin cement. Specimens underwent artificial aging through 5,000 thermal cycles and 120,000 mechanical loading cycles.
Fracture resistance under axial compressive loading and failure modes were evaluated. Data were analyzed using one-
way ANOVA and Tukey’s post hoc test (p-value=0.05).

Results: No cracks or fractures were observed after the cyclic loading. The mean fracture resistance values of the
shallow occlusal canal (2,742.88+354.37 N) and shallow central dowel groups (2,807.30+373.03 N) were significantly
higher than the control group (2,309.33+341.67 N) (p-value<0.05), although no significant difference was found between
the two preparation designs. Failure modes were predominantly Type Il (mixed fracture within restoration and tooth
structures) in both experimental groups.

Conclusion: Under the adhesive protocol, two shallow retentive designs in resin nanoceramic overlays may represent
a feasible option for occlusal restoration, demonstrating mechanical properties superior to those of sound teeth in the

short term and showing potential for future clinical application.
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Introduction

An overlay is a specific type of onlay restoration
that provides complete cusp coverage"z. It is particularly
indicated in cases where re-establishment of the occlusal
contour is necessary, such as in advanced occlusal wear.
Additionally, overlays are suitable for restoring large Class |l
cavities with unsupported axial walls or when both marginal
ridges are missing®®. They are also indicated for cuspal
protection in structurally compromised teeth, including
endodontically treated teeth and vital teeth with cracks®.

With advancements in adhesive systems, non-
retentive designs for ceramic partial-coverage restorations
have gained increasing attention™*. This approach aligns with
the principles of minimally invasive dentistry by maximizing
the preservation of tooth structure without compromising
long-term clinical performance*®. However, limited
peripheral enamel and compromised dentin substrates, such
as sclerotic or affected dentin, pose significant challenges
for adhesion-dependent restorations®®. Moreover, the
longevity of the adhesive interface may be negatively
affected by degradation mechanisms, including thermal

1% |n addition, the absence

cycling and functional fatigue
of a definitive insertion path in non-retentive preparations
may impair the accuracy of proximal contact and contour
during cementation®®. Therefore, combining adhesive
strategies with minimal mechanical retention may remain
essential for achieving predictable clinical outcomes in
overlay restorations.

Tooth preparation design plays a pivotal role in the
fracture resistance of restorative materials and directly
influences the longevity of dental restorations'™'?. Although
several studies have evaluated the effects of various
preparation designs on the fracture strength of teeth

13-15

restored with indirect partial-coverage restorations ™, data

remain limited regarding shallow occlusal canal and shallow
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central dowel configurations. These shallow preparation
concepts are characterized by a minimal cavity depth of
retention, typically not exceeding 1.0 mm, and by rounded
line angles, combined with adhesive bonding to reduce the
need for extensive mechanical preparation. Both retentive
designs represent modifications that integrate the principles
of conventional and non-retentive preparations, aiming to
achieve a predictable clinical outcome while minimizing the
compromise of tooth strength.

Resin nanoceramics (RNCs), a recently developed
class of restorative materials composed of ceramic fillers
embedded in a resin matrix, exhibit an elastic modulus
comparable to that of natural dentin®. This characteristic
may promote more favorable stress distribution and reduce

" However,

the risk of restoration fracture or chipping
evidence regarding the influence of preparation design on
fracture resistance in vital teeth restored with hybrid ceramic
overlays remains limited. Therefore, the aim of this study
was to evaluate the effect of two shallow retentive designs
on the fracture resistance of maxillary molars restored
with resin nanoceramic overlays. The null hypothesis was
that the two shallow preparation designs would have no
difference in their effects on the fracture resistance of the

tooth-restoration assembly.

Material and Methods

This in vitro study used thirty extracted human
maxillary molars free from caries, restorations, or visible
cracks. All extractions were performed for clinical purposes
and approved by the Human Research Ethics Committee,
Faculty of Dentistry, Prince of Songkla University (EC6612-
056). Teeth with comparable bucco-palatal and mesio-distal
widths (within +0.5 mm) were selected using a digital caliper
(Mitutoyo, Kawasaki, Japan), in accordance with previous

in vitro standards®.
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Sample preparation

The teeth were cleaned of calculus and soft-tissue
remnants, polished with a rubber cup and fine pumice slurry,
and stored in 0.1% thymol solution at room temperature until
use"*"®
resin (UNIFAST Trad; GC Corp., Tokyo, Japan), with 2
mm of the root surface exposed below the cementoenamel

junction (CEJ).

. Each tooth was embedded in self-curing acrylic

Sample size calculation was performed using
G*Power 3.1.9.7 (Heinrich Heine University, Disseldorf,
Germany) with an effect size of 0.8, 0=0.05, power=0.8, and
number of groups =3. The analysis indicated that a minimum
of 21 specimens (7 specimens per group) was required.
Therefore, a total of 30 specimens (10 specimens per
group) was considered appropriate, exceeding the minimum
requirement suggested by the G-power calculation.
Samples were randomly divided into three groups (n=10)
according to the preparation design: Group 1, intact teeth
(control); Group 2, shallow occlusal canal; and Group 3,
shallow central dowel (Figure 1).

Tooth preparation was performed by a single
operator under constant water cooling using high-speed
burs as follows. An anatomic occlusal reduction of 1.5
mm was performed for Groups 2 and 3 using a round-
end tapered diamond bur (size 018; 6856.FG.018, Komet,

Lemgo, Germany). In Group 2, a shallow occlusal canal

—/

was prepared along the central groove, with a width of 2.5
mm and a depth of 0.8 mm, using a round diamond bur
(size 023; 801.HP.023, Komet, Lemgo, Germany). In Group
3, a shallow central dowel was created at the center of the
occlusal surface, with a diameter of 3.0 mm and a depth of
0.8 mm, using a round diamond bur (size 029; 801.HP.029,
Komet, Lemgo, Germany). All internal line angles were
rounded and finished with a flame-shaped white stone bur
(Dura-White Stones FL2 [12]; Shofu Inc., Kyoto, Japan) to

achieve smooth surfaces and reduce stress concentration®.

Restoration fabrication

The prepared teeth were scanned using an intraoral
scanner (CEREC Primescan; Dentsply Sirona, Charlotte,
NC, USA). Overlay restorations were digitally designed with
CEREC software to ensure a uniform anatomic thickness
of 1.5 mm, with a maximum thickness of up to 2.3 mm at
the deepest portion of the shallow retentive preparation.
Restorations for each group were milled from resin
nanoceramic CAD/CAM blocks (Cerasmart 270; GC Dental
Products Corp., Aichi, Japan) using a milling unit (CEREC
Primemill; Dentsply Sirona, Charlotte, NC, USA) (Figure 2).

Surface treatment and cementation

Tooth surfaces were selectively etched at peripheral
enamel using 35.0% phosphoric acid (K-ETCHANT Syringe;

B

Figure 1 Shallow retentive designs: (A) shallow occlusal canal; (B) shallow central dowel
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Figure 2 Overlay restorations adapted to cavity design: (A) shallow occlusal canal; (B) shallow central dowel

Kuraray Noritake Dental, Kurashiki, Japan) for 30 seconds,
rinsed, and gently air-dried. A dentin primer (Tooth Primer;
Kuraray Noritake Dental Inc., Tokyo, Japan) was applied for
20 seconds and lightly air-dried. The internal surfaces of
the restorations were treated with airborne-particle abrasion
using 25 pm aluminum oxide at 0.2 MPa, then rinsed
and air-dried. A dual-cured resin cement (Panavia V5;
Kuraray Noritake Dental Inc., Tokyo, Japan) was applied,
and restorations were seated using finger pressure. Light
polymerization was performed for 20 seconds on buccal,
lingual, and occlusal surfaces using an LED curing unit
(Demi Plus; Kerr Corporation, Orange, CA, USA; 1,000 mW/
cm?). After 24 hours, restorations were finished and polished
using a hybrid ceramic polishing kit (EVE DIACOMP PLUS;
EVE Ernst Vetter GmbH, Keltern, Germany) according to
the manufacturer’s instructions. Samples were stored in

distilled water at 37 °C for 7 days prior to artificial aging.

Thermocycling and chewing simulation

Thermocycling was performed in water (KMITL;
CWB332R, Bangkok, Thailand) between 5°C and 55°C for
5,000 cycles with a dwell time of 30 seconds™. Dynamic
loading was conducted using a chewing simulator (CS-
4.4 Professional; SD Mechatronik GmbH, Feldkirchen-
Westerham, Germany) for 120,000 cycles at 6 Hz with a
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load of 50 N'. The load was applied vertically along the
long axis of the tooth using a stainless-steel spherical
antagonist (6.0 mm in diameter) positioned at the occlusal

center of the line connecting the buccal and lingual cusps.

Fracture resistance testing and failure mode
analysis

Fracture resistance was measured using a universal
testing machine (LRX-Plus; Lloyd Instruments, AMETEK
Ltd., Hampshire, UK) with a round-end stainless steel bar
(6.0 mm in diameter) at a crosshead speed of 1.0 mm/min’.
The static load was applied vertically along the long axis
of the tooth at the occlusal center of the line connecting
the buccal and lingual cusps. The maximum load at
fracture (N) was recorded for each sample. Failure modes
were classified, with modifications from Burke et al.”' and
Gierthmuehlen et al.?*, as follows: Type | — visible crack
or cohesive fracture within the restoration; Type Il — mixed
fracture involving both the restoration and tooth structure;
Type Ill — extensive fracture involving the restoration, tooth

structure, and root (Figure 3).
Statistical analysis

Data were analyzed after confirming normality using

the Shapiro-Wilk test and homogeneity of variance with
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Figure 3 Failure modes (A) type I; (B) type II; (C and D) type llI

Levene’s test. One-way analysis of variance (ANOVA)
was performed to compare group means, followed by
Tukey’s honestly significant difference (HSD) post hoc test
for pairwise comparisons. Statistical significance was set

at p-value=0.05.

Results

No visible cracks or fractures were observed in any
sample following cyclic loading. The mean fracture resistance
values for each group are presented in Table 1. One-way
analysis of variance (ANOVA) revealed a statistically
significant difference among the groups (p-value=0.008).
According to Tukey’s honestly significant difference (HSD)
post hoc test, no significant difference was found between
Group 2 (shallow occlusal canal; 2,742.88+354.37 N)
and Group 3 (shallow central dowel; 2,807.30+373.03
N) (p-value=0.914). However, both experimental groups

(Groups 2 and 3) exhibited significantly higher fracture
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resistance than the control group (Group 1; 2,309.33+341.67
N) (p-value=0.029 and 0.011, respectively).

Table 1 Fracture resistance values (N) (n=10)

Groups MeanzS.D. (N)

2,309.33+341.67°
2,742.88+354.37°
2,807.30+373.03°

Group 1: Control
Group 2: Shallow occlusal canal
Group 3: Shallow central dowel

Groups with the same superscript letters are not significantly different
(p-value>0.05)
S.D.=standard deviation, N=newton

The distribution of failure modes for each group is
illustrated in Figure 4. Type |l failure, characterized by mixed
fracture involving both the restoration and tooth structure,
was the most frequently observed mode in both shallow

retentive design groups.
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Figure 4 Distribution of failure modes (n=10)

Discussion

The present study evaluated the effect of shallow
retentive preparation designs on the fracture resistance
of molar teeth restored with resin nanoceramic overlay
restorations. No statistically significant difference was
observed between the two experimental designs. However,
both groups exhibited significantly higher fracture resistance
than the control group. Therefore, the null hypothesis was
accepted. These findings suggest that, under the tested
conditions, adhesive restorations incorporating shallow
retentive features may provide fracture resistance greater
than that of sound teeth.

To date, no studies have directly evaluated the effect
of shallow occlusal canal and shallow central dowel designs
on the fracture resistance of restored molars, thereby limiting
direct comparisons with previous literature. Nevertheless,
the present findings demonstrated no significant difference
in fracture resistance between the two shallow retentive
designs. This result is consistent with previous studies
that reported variations in preparation design, particularly
those related to axial wall height, which did not significantly

influence fracture strength'®?.
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Shallow central dowel

Type Il = Type Il

The adhesive system likely played a key role in the
enhanced fracture resistance observed in this study. Resin
luting agents with high bond strength have been shown to
reduce stress concentration by absorbing occlusal forces
at the tooth-restoration interface. This stress modulation
promotes the formation of a cohesive tooth-restoration
complex, which may help explain the favorable mechanical

outcomes reported in this study'>***

. Another contributing
factor is the occlusal thickness of the restorations. Previous
studies have demonstrated that increased occlusal thickness
is positively associated with higher fracture load capacity”®?’.
In the present study, the restorations were fabricated
with a standardized minimum thickness of 1.5 mm, as
recommended by the manufacturer for hybrid ceramic
materials to ensure sufficient mechanical performance
in load-bearing areas. Furthermore, the design-specific
increase in material volume at the central region achieved
through both shallow retentive designs may have further
enhanced fracture resistance. These designs avoided sharp
internal angles and were positioned directly beneath the
point of load application, thereby improving the restoration’s

ability to distribute occlusal stress and resist failure®™.
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Collectively, the combination of adhesive bonding, adequate
material thickness, and favorable internal geometry likely
contributed to the mechanical integrity observed in both
experimental groups.

These results are further supported by the preliminary
data obtained using a similar experimental framework, which
evaluated the same shallow retentive designs with lithium
disilicate as the restorative material. In that study, fracture
resistance values reached approximately 2,900 N, closely
matching those observed in the present investigation using
a resin nanoceramic. This similarity suggests that when
preparation geometry, adhesive protocol, and occlusal
thickness are standardized, the type of restorative material,
whether resin nanoceramic or lithium disilicate, may have
only a limited effect on overall fracture resistance.

In the present study, both shallow retentive designs
predominantly exhibited mixed failure modes involving the
tooth-restoration structure. This pattern may be attributed to
the similar elastic modulus between the resin nanoceramic
and dentin, combined with the adhesive and stress-
distributing properties of the resin cement. Such mechanical
compatibility likely supports the formation of a monoblock
structure, enabling efficient stress distribution across the
bonded complex®. When occlusal forces are applied, the
restoration may transmit and dissipate stress effectively
along the underlying dentin, allowing the bonded interface
to share the functional load until the collective strength is
exceeded, resulting in a mixed fracture mode®*.

Interestingly, the restored groups exhibited
significantly higher fracture resistance than the intact
group. This outcome may be attributed to the comparable
elastic modulus among the restorative components, which
facilitates the formation of a structurally unified complex

22 |n contrast, intact

capable of efficient stress distribution
teeth possess a high-modulus enamel layer that differs
markedly from the underlying dentin, potentially limiting

their ability to absorb and dissipate stress along the tooth’s
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long axis®. Additionally, the use of Panavia V5 resin
cement, which exhibits high microtensile bond strength,
likely enhanced the durability of the adhesive interface
and contributed to the integrity of the tooth-restoration
monoblock, offering superior mechanical performance
compared to the unaltered natural tooth®. The application of
selective enamel etching may have further optimized enamel
bond strength, particularly at the margins, contributing to
improved stress transfer and overall fracture resistance®®.

It is also noteworthy that the intact specimens were
primarily third molars, which are known to exhibit irregular
occlusal topography and a greater number of accessory
grooves than first or second molars®. These anatomical
features have been associated with increased stress
concentration and reduced fracture resistance* *. Although
the occlusal morphology of the control and experimental
groups was not identical, the restorations were designed
to enhance fracture resistance rather than reproduce the
exact occlusal anatomy of natural teeth. This emphasis
on biomechanical performance is more clinically relevant
for long-term success. Moreover, the use of standardized
biogeneric design protocols helped minimize variability and
may have contributed to more favorable stress distribution
under loading conditions compared with the irregular
occlusal features of third molars.

From a clinical perspective, the shallow occlusal canal
design may provide enhanced resistance to dislodgement
due to increased mechanical interlocking, albeit at the
expense of greater tooth structure removal. In contrast,
the shallow central dowel design is more conservative but
offers comparatively lower retentive stability. Given that
both designs demonstrated comparable fracture resistance
and failure patterns, the choice of design should be guided
by specific clinical circumstances. For instance, in teeth
with existing MOD cavities, the occlusal canal design may
provide better adaptation to compromised structures while

enhancing mechanical retention.
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This study was limited to two preparation designs
and a single hybrid ceramic material. Simulated intraoral
aging was performed to approximate six months of clinical
service using 5,000 thermocycles and 120,000 mechanical
loading cycles. However, the exclusive use of vertical
loading, the absence of periodontal ligament supports due
to acrylic resin embedding, and the lack of oral variables,
such as saliva and pH fluctuations that may influence
adhesive performance and fracture resistance, limit the
direct translation of these findings to clinical conditions.
These limitations should be considered when interpreting
the results. Future studies should incorporate a broader
range of designs, restorative materials, extended aging

protocols, and more clinically relevant testing conditions.

Conclusion

Within the limitations of this in vitro study, the
following conclusions can be drawn:

1. No statistically significant difference in fracture
resistance was found between the shallow occlusal canal
and shallow central dowel designs, indicating that both
preparation approaches offer comparable mechanical
performance.

2. Both modified retentive designs demonstrated
fracture resistance greater than that of intact molars,
suggesting that resin nanoceramic overlays with shallow
retentive features may be a clinically acceptable option for

occlusal rehabilitation.
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