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Abstract

Background: The aim of this study was to compare the fracture strength of two different Ribbond Fiber (Ribbond,
Ribbond Inc., Seattle, WA, USA) restoration strategies in 5 mm deep standardized MOD cavities without interaxial
dentin.

Material and Methods: 34 extracted human molars were randomly divided into two groups and restored as follows:
Group 1 restoration with Ribbond Fiber placed at the cavity floor incorporated in Estelite Bulk-Fill Flow Universal
composite (Tokuyama Dental Corporation Inc., Tokyo, Japan); Group 2 restoration with RF placed at 3 mm from
the occlusal plane over a 2mm layer of Estelite Bulk-Fill Flow. The occlusal plane in both groups was restored
with Ceram.x Spectra ST (Dentsply Sirona, Ballantyne Corporate Pl, Charlotte, NC, USA). The restored teeth were
subjected to thermal cycling by immersing them for 30 seconds in hot water (55+2°C) followed by 30 seconds in
cold water (5+2°C), for 2000 cycles.Their fracture strength was then evaluated using an Instron device. Data were
analyzed with Two-sample T Test statistical test to compare fracture strength among groups. Finally, a descriptive
analysis of the failure location was performed.

Results: A statistically significant difference was found between groups 1 and 2 (P<0.001) in terms of fracture
strength. Group 2 exhibited a higher percentage of recoverable fractures compared to group 1. Group 1 had a mean
fracture load of 833N and a SD of 248 while group 2 had a mean fracture load of 1286N and SD of 447.
Conclusions: RF placed at 3 mm depth from the occlusal plane, on a 2 mm layer Estelite Bulk-Fill Flow Universal
composite (Tokuyama Dental Corporation Inc., Tokyo, Japan) contributes to improve fracture resistance in vital
teeth without interaxial dentin and reduces the risk of non-recoverable fractures compared to when it is placed at
a 5 mm depth.
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Introduction

Fracture strength represents the maximum stress that
a material can endure before breaking. To measure the
strength of dental elements subjected to occlusal loads,
particularly, compressive strength is evaluated. Fractu-
re strength is a crucial property of restorative materials
and can be linked to intraoral fractures of the restora-
tion’s margins and surfaces. The study of the strength of
dental elements restored with such materials is essential
because each dental element is subjected to approxima-
tely 2000 loads per day, ranging between 30-80 kg, due
to maximum intercuspidation contacts occurring during
swallowing, alarm reaction, physical exertion, and pa-
rafunctions.

Several structural factors serve as indicators of the prog-
nosis for restorations: the interaxial dentin, the pulp
chamber roof, the marginal ridges, and the remaining
cusp material (1). Interaxial dentin and marginal ridges
are the most significant factors in terms of resistance,
and it is essential to understand that these factors are
interconnected. Consequently, the fracture strength of
restorations is contingent upon the cavity’s morphology,
with MOD (mesial-occlusal-distal) cavities being the
most prone to fractures.

As observed in the analysis of structural factors of the
tooth, the extent of the dental cavity, and especially its
depth, are fundamental factors concerning the streng-
th of the dental element. In an intact molar, the avera-
ge fracture strength is approximately 3000 N, while in
a molar with a Class I cavity restored with resin-based
composite, the fracture strength ranges from around
1000 to 1900 N and reduces to 1600 N for elements with
MOD restorations (2).

In particular, molars with MOD cavities 3 mm deep or
less, restored with resin-based composites, have shown
a similar strength to that of intact elements. Molars with
MOD cavities restored with resin-based composites of a
depth of at least 5 mm, on the other hand, show a signi-
ficant difference in fracture strength compared to intact
molars, regardless of wall thickness (3).

In addition to the well-established restorative mate-
rials, such as flowable resins and composites, which
have undergone extensive investigation regarding their
mechanical, aesthetic, and adhesive properties (4), fi-
ber-reinforced composites have entered the market in
recent years. These materials are composite resins stren-
gthened through the incorporation of fibrous materials
such as glass fibers, carbon fibers, Kevlar, Vectran fibers,
and polyethylene fibers within the cavity, resulting in a
substantial enhancement of the resins’ mechanical cha-
racteristics. Polyethylene fibers are the preferred choice
in restorative dentistry due to their ability to augment
the flexural strength, stress resistance, and modulus of
elasticity of composite resins, all while delivering sa-
tisfactory aesthetic performance since they are scarcely
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perceptible when embedded in a resin matrix. Among
these materials, Ribbond Fiber (RF) stands out as one of
the most commonly utilized options. It comprises wo-
ven fibers made of high-molecular-weight polyethyle-
ne, boasting a high coefficient of elasticity (117 GPa),
which translates to remarkable resistance against elon-
gation and deformation, along with high tensile strength
(3 GPa). These properties allow it to conform to the too-
th cavity’s morphology effectively. Ribbond Fiber un-
dergoes a cold plasma treatment that enhances its water
absorption, reduces surface tension, and promotes im-
proved chemical adhesion to composites (5). Ribbond
fiber finds widespread application across various dental
disciplines; however, there is a paucity of robust litera-
ture on its use in restoring vital teeth.

In a study previously published by Zotti F., the fracture
strength of MOD composite resin restorations reinforced
with Ribbond Fiber was investigated (6). The results of
this study highlighted that Ribbond Fiber effectively de-
monstrates its reinforcing characteristics when the maxi-
mum cavity depth in the occlusal isthmus region does
not exceed 3 mm; its peculiarity consists in enhancing
the restoration’s fracture resistance and reducing the li-
kelihood of fractures in the remaining dental tissue by
absorbing forces more effectively at the composite resin
restoration level. Conversely, in MOD cavities lacking
interaxial dentin with a depth of 5 mm, the properties
of Ribbond Fiber, when used as a cavity lining, appear
to diminish, even though they still exceeded the results
of 5 mm cavities restored without RF. Based on these
findings, the intention to further explore the performan-
ce of Ribbond Fiber arises in the following experiment.
The first aim of this study was to compare the effective-
ness of the reinforcement in terms of fracture strength
of 5 mm-depths MOD restorations without interaxial
dentin using RF (Ribbond, Ribbond Inc., Seattle, WA,
USA). The latter was applied in two different modalities:
1. RF applied at the base of the cavity

2. RF applied on 2 mm of Bulk-Fill Flowable composite,
specifically at a depth of 3 mm relative to the occlusal
plane.

Furthermore, a descriptive assessment of the types of
fractures occurring in the two groups was carried out.

Material and Methods

The determination of the sample size was performed
using the statistical software G-Power v. 3.1 (Universi-
ty of Diisseldorf; Diisseldorf, Germany). A significance
analysis revealed that a sample size of 33 met the cons-
traints of a = 0.2 and power = 0.95. To ensure equity
between the two groups, 34 intact upper and lower mo-
lar teeth were collected. Teeth with both caries-free and
Class I, II, and MOD carious lesions were included.
Teeth with radicular carious lesions (lesions extending
beyond the enamel-cement junction) and lesions leading
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to pulp exposure were excluded. All teeth were cleaned
and disinfected with a 0.20 chlorhexidine solution for 60
seconds, washed, and kept in physiological solution for
a period not exceeding 3 months (6).

The teeth were randomly divided into two groups and
prepared as follows: 34 molars were prepared with
MOD cavities measuring 5 mm in depth and a width
that allowed for a maximum thickness of vestibular and
lingual walls of at least 2.5 mm, assessed with a measu-
ring caliper (Iwanson, Proclinic Italia, Italy). For cavity
creation, a cylindrical diamond bur with a 1 mm dia-
meter and a 5 mm working surface was used (836KR
Burs, Komet, Germany). Subsequently, beveling of the
margins and removal of unsupported enamel prisms
were carried out using a 1 mm round-ended diamond
bur (801.314 Bur, Komet, Germany). The teeth of group
1 (n= 17, G1) were restored with composite resin using
Ribbond Fiber (Ribbond Inc., Seattle, WA, USA) placed
at the base of the cavity. The teeth of group 2 (n=17, G2)
were restored with composite resin using Ribbond Fiber
(Ribbond Inc., Seattle, WA, USA) placed over 2 mm of
Estelite Bulk-Fill Flow Universal composite (Tokuyama
Dental Corporation Inc., Tokyo, Japan) .

Conventional adhesive procedures, which were the same
for both groups, were performed as follows: selective
acid etching with Tokuyama Etching Gel HV (Tokuya-
ma Dental Corporation Inc., Tokyo, Japan): 30 seconds
on enamel and 15 seconds on dentin; rinse for 30 se-
conds with water; adhesive procedure using Tokuyama
EE Bond (Tokuyama Dental Corporation Inc., Tokyo,
Japan); polymerization for 30 seconds.

Preparation, by cutting with a scalpel, of a strip of Rib-
bond polyethylene fiber measuring 3 mm in width and
equal in length to the mesio-distal dimension of the cavi-
ty floor. Saturation of RF with adhesive resin (Tokuyama
EE Bond, Tokuyama Dental Corporation Inc., Tokyo,
Japan) and removal of excess using a piece of absorbent
paper without polymerization.

Restorations were performed as follows (6):

-Group 1:

oApplication of a thin layer (maximum 1 mm) of Es-
telite Bulk-Fill Flow Universal composite (Tokuyama
Dental Corporation Inc., Tokyo, Japan) at the base of the
cavity where the Ribbond strip is incorporated, exten-
ding mesio-distally;

oPolymerization for 20 seconds;

oRestoration by a micro incremental technique of Ce-
ram.x Spectra ST (Dentsply Sirona, Ballantyne Corpo-
rate P1, Charlotte, NC, USA);

oPolymerization for 30 seconds;

oFinishing and polishing were routinely performed.
-Group 2:

oApplication of a 2 mm layer of Estelite Bulk-Fill Flow
Universal composite (Tokuyama Dental Corporation
Inc., Tokyo, Japan) at the base of the cavity, placing

€709

Correlation between properties of glass ionomer cements

the Ribbond strip (Ribbond, Ribbond Inc., Seattle, WA,
USA) in the mesio-distal direction while ensuring there
are no gaps between Ribbond and composite;
oPolymerization for 20 seconds;

oRestoration by a micro incremental technique of Ce-
ram.x Spectra ST (Dentsply Sirona, Ballantyne Corpo-
rate P1, Charlotte, NC, USA);

oPolymerization for 30 seconds;

oFinishing and polishing were routinely performed.
Consequently, all the restored specimens underwent
thermal cycling. The authors chose to increase the total
number of cycles to which the samples were subjected
(compared to the ISO 11450 protocol of 2015), while
maintaining the temperature ranges specified by the ISO
TR 11450 protocol (5+2°C and 55+2°C). A total of 2000
cycles were conducted, a value that has been previous-
ly used in recent literature to test composite resins and
simulate an aging process equivalent to approximately
3 months ((7)). The samples were subjected to an im-
mersion protocol of 30 seconds in hot water (55+£2°C)
followed by 30 seconds in cold water (5+2°C), totalling
2000 cycles (7). The time was measured using a digi-
tal chronometer (iPhone clock application, Apple Inc.,
USA). The cycles were completed in 16 hours and 40
minutes.

The specimens were positioned within PVC containers
measuring 20 mm in diameter and 20 mm in height,; a
self-curing acrylic resin (SR Ivolen Kit - Ivoclar Viva-
dent, Liechtenstein) was poured up to the cement-ena-
mel junction (CEJ) to secure them in place. These con-
tainers were then situated on the platform of the Instron
Machine (Instron 5848, Norwood, Massachusetts USA),
equipped with a 2000N load cell, for testing fracture
strength under vertical axial loads. To ensure optimal
contact between the fossa-cusps and the Instron tip, a
specialized insert with a 3 mm spherical tip was desig-
ned and custom-manufactured (Fig. 1) (5).

As performed in a previous study (6), the machine was
set to move within a predetermined vertical range of 2.5
mm in 90 seconds, with vertical loading of the occlusal
surface at a rate of 0.028 mm/s. The following data were
recorded:

-Load (Newton): Impressed force required to fracture
the teeth during the test;

-Vertical area (mm): area in which the fracture occurs;
-Pattern of fracture:

1) Fracture of the composite resin (Fig. 2)

2) Fracture of one or more cusps (Fig. 3)

3) Fracture extending to the CEJ or deeper (Fig. 4)
Fractures of types 1 and 2 were considered recoverable,
whereas type 3 fractures were classified as non recove-
rable.

-Statistical Analysis

The data were collected using the Instron software
(Instron 5848, Norwood, Massachusetts USA) in a ta-
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Fig. 1: Insert with a 3 mm spherical tip.

Fig. 2: Example of fracture of the composite
resin.

.y\ :
Fig. 3: Example of fracture of
cusps.

Ll
one or more

ble where each time value is associated with a specific
applied load and a particular insert displacement. From
this data, the Newton values of the fracture points for
each tested element were extracted for analysis. The
analysis considered the first Newton value at which the
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Fig. 4: Example of fracture extending to the
CEJ or deeper.

dental element exhibited structural failure as a reference
point.

The data were tested for normality using the Shapi-
ro-Wilk test.

The Two-sample T Test statistical test was employed to
examine differences between the fracture points of ele-
ments in Group 1 (Ribbond at the base of the cavity) and
Group 2 (Ribbond 3 mm from the occlusal plane).

For the analysis of the collected data, STATA18 sof-
tware (StataCorp, 1985, California, USA) was utilized.
Tests were considered significant for p < 0.05.

The types of fractures (1, 2, 3) were analysed descrip-
tively.

Results

The Two-sample T Test revealed a statistically significant
difference between groups 1 and 2 (P = 0.0009) regarding
the load force required to achieve fracture. Additionally,
upon descriptive analysis of the means of the two groups,
it was observed that group 2 exhibited an average frac-
ture strength of 1286 N compared to 833 N in group 1.
Therefore, this leads to the conclusion that restorations in
which Ribbond Fiber (Ribbond Inc., Seattle, WA, USA)
was positioned 3 mm from the occlusal plane exhibit sig-
nificantly higher fracture resistance compared to restora-
tions where it was placed 5 mm deep.

In group 1, only 11.8% of the samples were found to
have a recoverable type of fracture that could potentia-
lly be addressed with a second conservative interven-
tion. In contrast, in group 2, this percentage increased
to 41.15%. Specifically, fractures involving only the
composite (Type 1) accounted for 5.9% of the samples
in group 1 and 23.5% in group 2. Fractures of one or
more residual cusps without exceeding the CEJ (Type
2) were observed in 5.9% of the elements in group 1
and 17.65% in group 2. Regarding fractures classified
as non-recoverable (Type 3), the highest percentage was
found in group 1, where they constituted 88.20% of ca-
ses, as opposed to 58.85% in group 2.

Results are shown in table 1 and table 2.
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Table 1: Presents the mean fracture loads (N) of the two
groups along with their respective standard deviations.

Groups Mean fracture Standard
loads (N) deviations

Group 1 833.058 248.298

Group 2 1286.900 447.800

Table 2: Displays the distribution of fracture types that occurred in
individual samples.

Groups Type 1 Type 2 Type 3
Group 1 o N o
(n=17) 1 (5.90%) 1 (5.90%) 15 (88.29%)
Group 2
_ 4 (23.50%) 3 (17.65%) 10 (58.85%)
(n=17)
Discussion

This study was conceived to assess whether RF (Rib-
bond Fiber) is capable of exerting its reinforcing proper-
ties in 5 mm MOD cavities devoid of interaxial dentin
when placed at a depth of 3 mm. This idea stemmed from
the conclusions of a study conducted by Zotti F. in 2023
(6). In this study, it was observed that RF effectively de-
monstrated its characteristics when the maximum depth
of the cavity did not exceed 3 mm and interaxial dentin
was retained. Conversely, the reinforcement with RF
was found to lack significant efficacy in 5 mm cavities
lacking interaxial dentin. This raised doubts as to whe-
ther positioning RF 2 mm from the cavity floor in a deep
cavity without interaxial dentin could yield results clo-
ser to those achievable when interaxial dentin is present.
Both upper and lower molars were utilized in this study.
These teeth are known to exhibit the highest degree of
cuspal flexure under load in relation to the degree of re-
sidual dental tissue (5). The cavities were prepared to
achieve a 5 mm mesio-occluso-distal depth, with inte-
raxial dentin removed and a width sufficient to allow
for the insertion of RF. Care was taken to preserve the
roof of the pulp chamber and at least 2.5 mm of residual
cuspal thickness on vestibular and lingual walls. In this
study, we chose to restore dental elements while main-
taining the integrity of the pulp chamber, a choice not
always commonly practiced in the literature. However,
we believed it would be interesting to study the fracture
resistance of vital elements, albeit extensively restored,
compared to endodontically treated elements, which
often undergo indirect restorations or means aimed at
reinforcing their integrity (such as endodontic posts or
indirect restorations) (8). The ability to reinforce a den-
tal element that has lost a significant amount of healthy
structure, even in a phase of direct restoration, and to po-
tentially ensure its integrity or restorability for a longer
period, is a foundational goal of conservative dentistry.
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A constant thickness of residual cusps, despite efforts
to maintain consistent measurements in all preparations,
was sometimes not achievable due to anatomical varia-
tions of the samples. However, as noted by Forster (3),
a minor difference in cuspal thickness does not signifi-
cantly influence fracture resistance in directly restored
teeth with MOD cavities.

In order to simulate the changes occurring in the oral
cavity (9-12), the samples underwent thermocycling.
This is a tooth aging system that, through repeated cy-
cles of exposure to cold water (5£2°C) and hot water
(55+2°C), induces stress at the composite-tooth interfa-
ce and affects the marginal integrity of the restoration
(13). Depending on the number of cycles performed,
different aging times can be achieved. A thermocycling
process of 500 cycles, as utilized in the study by Zotti
F. (6), simulates dental exposure in the oral cavity for
approximately 20 days (7). This cycle count is widely
employed in dental research, although, according to
some authors (6-9), it may be insufficient to represent an
adequate aging period for the sample. Therefore, in this
study, restored teeth underwent a 2000-cycle thermocy-
cling process, which corresponds to an aging period of
approximately 3 months (90 days) (7). Studies by Ca-
rreira and colleagues (14) indicate that it is particular-
ly necessary to exceed 1500 cycles since physical and
mechanical properties of composites do not significantly
alter at such values. This choice represents an enhance-
ment in the design of this study.

The specimens were subjected to a continuous load
using an Instron machine. To achieve this, a specific in-
sert designed by authors (6) was utilized. This insert is
characterized by its spherical shape and a diameter of 3
mm, features that allow for maximum contact with the
cusps and fossae of the teeth. The choice of using this
insert was based on the intention to recreate a situation
as similar as possible to the natural contact that occurs
between the fossa and the opposing cusp. The selection
of the insert used for fracture resistance testing with the
Instron machine is also an important factor to consider
when comparing test results with those of similar stu-
dies. As observed by Watts and colleagues (15), the di-
fference in resistance is directly related to the diameter
of the insert used: the larger the diameter, the higher the
fracture resistance value. Teeth are continuously subjec-
ted to stress during normal oral functions, and prolonged
cyclic occlusal loads can lead to cuspale displacements
and incomplete restoration even after the removal of the
applied load (14). Therefore, the fact that the samples in
this study were subjected to a continuous load without
considering cyclic loading may represent a limitation.
The values in terms of fracture resistance in N obtained
from the experimentation are in line with the data obser-
ved in the literature for molars subjected to axial load
(16). Values among different studies in the literature can
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vary significantly due to various factors: materials used,
restoration technique, clinician experience, whether
thermocycling was performed or not, sample preserva-
tion and integrity (17-19). Additionally, as mentioned
earlier, much also depends on the type and size of the
insert for the Instron Machine used (20).

The high standard deviation (SD) of fracture load pre-
sent in this research, as also observed by Watts and co-
lleagues in their study (21), is typical of mechanical tests
on anatomically irregular samples, such as the occlusal
surface of the tested molars.

This study was developed by creating two groups. In the
first group, RF was applied at the base of the cavity, whi-
le in the second group, it was placed on a 2 mm layer of
Estelite Bulk-Fill Flow Universal, which is 3 mm deep
from the occlusal plane.

The results obtained in this experimentation are consis-
tent with the findings of Zotti F. (6). However, it can
be observed that in the groups of the two studies whe-
re RF is placed at a depth of 3 mm from the occlusal
plane, there are differences both in the average fractu-
re loads obtained and in the percentage of recoverable
fractures that occurred. In the previous study (6), where
RF was placed on interaxial dentin, the average fracture
load was 1725.2 N, and the percentage of recoverable
fractures was 80%. This difference may be attributed
to the complete absence of interaxial dentin in the se-
cond group of this study. Interaxial dentin is indeed the
most important structural factor, and its loss results in a
significant weakening of the tooth (20-22). Therefore,
despite the vertical forces acting on the tooth being par-
tially absorbed and redistributed by fibers, some of the-
se loads generate lateral forces against the cavity walls,
which then create a tensile force directly on the roof of
the pulp chamber. This can be responsible for the initial
cracking of the remaining walls, and if the fracture starts
from the dentin portion, after a certain degree of plastic
and elastic deformation, it can extend even beyond the
CEJ (23). However, it is important to consider the small
sample size of the previous published study (6), as well
as the higher number of thermocycling cycles undergo-
ne by the samples in this experimentation, which led to
greater alteration of the dental tissue in these samples.
Therefore, the data collected from this study suggest that
RF may be considered a suitable reinforcing material in
clinical practice, even in 5 mm deep MOD cavities wi-
thout interaxial dentin, when placed 3 mm from the oc-
clusal plane. However, it would be interesting to study
the role of the 2 mm thickness of Estelite Bulk-Fill Flow
Universal in improving the fracture resistance of resto-
red elements and reducing type 3 fractures in Group 2.
Low-viscosity resin composites (Flowable) used as cavi-
ty liners can help reduce microleakage, polymerization
shrinkage, and improve the distribution and absorption
of forces exerted on the restored tooth (16). Furthermo-
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re, increasing the thickness of the lining within a cer-
tain range, appears to be correlated with a lower likeli-
hood of mechanical stress formation (16). In particular,
bulk-fill flow composites, when used in thicknesses up
to 3 mm, exhibit fracture resistance comparable to that
of restorations performed with traditional composites
and unprepared teeth, while also reducing the incidence
of enamel fractures and fractures below the CEJ (24-27).
Therefore, in the future, further studies may be needed
to investigate the use of Ribbond Fiber in 5 mm deep
MOD cavities without interaxial dentin, comparing res-
tored elements using only 2 mm of Bulk-Fill Flowable
composite with elements restored with 2 mm of Bulk-Fi-
11 Flowable composite plus Ribbond Fiber.

Conclusions

The data from this study demonstrate that RF (Ribbond
Fiber) contributes to an improved prognosis for teeth
that have lost significant amounts of dental tissue. The
findings suggest that when placed 3 mm deep from the
occlusal plane, on a 2 mm layer of Estelite Bulk-Fill
Flow Universal composite, RF is capable of reinforcing
dental structure even in 5 mm deep cavities without the
presence of interaxial dentin, thereby enhancing the frac-
ture resistance of the restoration. Furthermore, placing
RF at a 3 mm depth reduces the risk of non-repairable
fractures compared to when it is placed at a 5 mm depth.

Acknowledgments
Author would like to thank Tokuyama Dental Italy S.r.l. for providing
dental materials used in this research.

Institutional Review Board Statement
Declared none.

Data Availability Statement
The datasets used and/or analyzed during the current study are availa-
ble from the corresponding author.

Authors’ contributions

Conceptualization, F.Z.; methodology, N.Z., F.F.; software, C.P.; vali-
dation, F.Z., C.P. and N.Z.; formal analysis, D.A., G.L.; investigation,
D.A.; resources, C.P.; data curation, D.A., G.L.; writing—original
draft preparation, F.Z., F.F.; writing—review and editing, F.P., G.L.;
visualization, F.P. All authors have read and agreed to the published
version of the manuscript.

Funding
This research received no external funding.

Conflict of interest
The authors declare no conflict of interest.

References

1. Goel VK, Khera SC, Gurusami S, Chen RCS. Effect of Cavity Dep-
th on Stresses in a Restored Tooth. J Prosthet Dent. 1992;67:174-183.
2. Ciavoi G, Margarit R, Todor L, Bodnar D, Dina MN, Tarlungeanu
DI, et al. Base Materials’ Influence on Fracture Resistance of Molars
with MOD Cavities. Materials. 2021;14:5242.

3. Forster A, Braunitzer G, T6th M, Szab6é BP, Frater M. In Vi-
tro Fracture Resistance of Adhesively Restored Molar Teeth with



J Clin Exp Dent. 2024;16(6):e707-13.

Different MOD Cavity Dimensions. Journal of Prosthodontics.
2019;28:¢325-e331.

4. Ludovichetti FS, Lucchi P, Zambon G, Pezzato L, Bertolini R, Zer-
man N, et al. Depth of Cure, Hardness, Roughness and Filler Dimen-
sion of Bulk-Fill Flowable, Conventional Flowable and High-Strength
Universal Injectable Composites: An In Vitro Study. Nanomaterials
(Basel). 2022;12:1951.

5. Reeh ES, Messer HH, Douglas WH. Reduction in Tooth Stiff-
ness as a Result of Endodontic and Restorative Procedures. J Endod.
1989;15:512-516.

6. Zotti F, Hu J, Zangani A, Albanese M, Paganelli C. Fracture Stren-
ght and Ribbond Fibers: In Vitro Analysis of Mod Restorations. J Clin
Exp Dent. 2023;15:€318-e323.

7. Gale MS, Darvell BW. Thermal Cycling Procedures for Laboratory
Testing of Dental Restorations. J Dent 1999;27:89-99.

8. Del Bel Cury AA, da Costa WF. (Restoration of Endodontically
Treated Teeth). Rev Faculdade Odontol Lins. 1990;3:22-27.

9. Brauner E, DI Cosola M, Ambrosino M, Cazzolla AP, Dioguardi M,
Nocini R, et al. Efficacy of Bioactivated Anticalculus Toothpaste on
Oral Health: A Single-Blind, Parallel-Group Clinical Study. Minerva
dental and oral science. 2022;71:31-38.

10. Lombardo G, Pardo A, Signoretto C, Signoriello A, Simeoni E,
Rovera A, et al. Hyperbaric Oxygen Therapy for the Treatment of
Moderate to Severe Periodontitis: A Clinical Pilot Study. Undersea
Hyperb Med. 2020;47:571-580.

11. Lombardo G, Signoriello A, Marincola M, Nocini PF. Assessment
of Peri-Implant Soft Tissues Conditions around Short and Ultra-Short
Implant-Supported Single Crowns: A 3-Year Retrospective Study on
Periodontally Healthy Patients and Patients with a History of Perio-
dontal Disease. Int J Environ Res Public Health. 2020;17:9354.

12. Pardo A, Signoriello A, Signoretto C, Messina E, Carelli M, Tes-
sari M, et al. Detection of Periodontal Pathogens in Oral Samples and
Cardiac Specimens in Patients Undergoing Aortic Valve Replacement:
A Pilot Study. J Clin Med. 2021;10:3874.

13. Morresi AL, D’Amario M, Capogreco M, Gatto R, Marzo G,
D’Arcangelo C, Monaco A, et al. Thermal Cycling for Restorative
Materials: Does a Standardized Protocol Exist in Laboratory Testing?
A Literature Review. ] Mech Behav Biomed Mater. 2014;29:295-308.
14. Carreira M, Antunes PV, Ramalho A, Paula A, Carrilho E. Ther-
mocycling Effect on Mechanical and Tribological Characterization of
Two Indirect Dental Restorative Materials. Journal of the Brazilian So-
ciety of Mechanical Sciences and Engineering. 2017;39:1-17.

15. Watts DC, el Mowafy OM, Grant AA. Fracture Resistance of
Lower Molars with Class 1 Composite and Amalgam Restorations.
Dent Mater. 1987;3:261-264.

16. Sun T, Shao B, Liu Z. Effects of the Lining Material, Thick-
ness and Coverage on Residual Stress of Class II Molar Restora-
tions by Multilayer Technique. Comput Methods Programs Biomed.
2021;202:105995.

17. Rajaraman G, Senthil Eagappan AR, Bhavani S, Vijayaraghavan
R, Harishma S, Jeyapreetha P. Comparative Evaluation of Fracture
Resistance of Fiber-Reinforced Composite and Alkasite Restoration in
Class I Cavity. Contemp Clin Dent. 2022;13:56-60.

18. Bonilla ED, Hayashi M, Pameijer CH, Le NV, Morrow BR, Gar-
cia-Godoy F. The Effect of Two Composite Placement Techniques on
Fracture Resistance of MOD Restorations with Various Resin Compo-
sites. J Dent. 2020;101:103348.

19. Chuang SF, Liu JK, Chao CC, Liao FP, Chen YH. Effects of
Flowable Composite Lining and Operator Experience on Microleaka-
ge and Internal Voids in Class II Composite Restorations. J Prosthet
Dent. 2001;85:177-183.

20. Xu HH, Smith DT, Jahanmir S, Romberg E, Kelly JR, Thompson
VP, et al. Indentation Damage and Mechanical Properties of Human
Enamel and Dentin. J Dent Res. 1998;77:472-480.

21. Watts DC, el Mowafy OM, Grant AA. Fracture Resistance of
Lower Molars with Class 1 Composite and Amalgam Restorations.
Dent Mater. 1987;3:261-264.

22. Mondelli J, Steagall L, Ishikiriama A, de Lima Navarro MF, Soares

e713

Correlation between properties of glass ionomer cements

FB. Fracture Strength of Human Teeth with Cavity Preparations. J
Prosthet Dent. 1980;43:419-422.

23. Bechtle S, Fett T, Rizzi G, Habelitz S, Klocke A, Schneider GA.
Crack Arrest within Teeth at the Dentinoenamel Junction Caused by
Elastic Modulus Mismatch. Biomaterials. 2010;31:4238-4247.

24. Guerra L, Ramos RQ, Linhares LA, Bernardon JK, Favero SS, Cé-
sar PF, et al. Fracture Load of Molars Restored with Bulk-Fill, Flowa-
ble Bulk-Fill, and Conventional Resin Composite After Simulated
Chewing. Oper Dent. 2023;48:294-303.

25. Amaral FLB, Colucci V, Palma-Dibb RG, Corona SAM. Assess-
ment of in Vitro Methods Used to Promote Adhesive Interface De-
gradation: A Critical Review. J Esthet Restor Dent. 2007;19:340-353.
26. Caron GA, Murchison DF, Cohen RB, Broome JC. Resistance
to Fracture of Teeth with Various Preparations for Amalgam. J Dent.
1996;24:407-410.

27. Guerra L, Ramos RQ, Linhares LA, Bernardon JK, Favero SS, Cé-
sar PF, et al. Fracture Load of Molars Restored with Bulk-Fill, Flowa-
ble Bulk-Fill, and Conventional Resin Composite After Simulated
Chewing. Oper Dent. 2023;48:294-303.



