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Abstract: background: resin-bonded fixed dental prosthesis (RBFDP) represents a highly aesthetic
and conservative treatment option to replace a single tooth in a younger patient. The purpose
of this in vitro study was to compare the fracture strength and the different types of failure on
anterior cantilever RBFDPs fabricated using zirconia (ZR), lithium disilicate (LD), and PMMA-based
material with ceramic fillers (PM) by the same standard tessellation language (STL) file. Methods:
sixty extracted bovine mandibular incisives were embedded resin block; scanned to design one
master model of RBFDP with a cantilevered single-retainer. Twenty cantilevered single-retainer
RBFDPs were fabricated using ZR; LD; and PM. Static loading was performed using a universal
testing machine. Results: the mean fracture strength for the RBFDPs was: 292.5 Newton (Standard
Deviation (SD) 36.6) for ZR; 210 N (SD 37.6) for LD; and 133 N (SD 16.3) for PM. All the failures of
RBFDPs in ZR were a fracture of the abutment tooth; instead; the 80% of failures of RBFDPs in LD and
PM were a fracture of the connector. Conclusion: within the limitations of this in vitro study, we can
conclude that the zirconia RBFDPs presented load resistance higher than the maximum anterior bite
force reported in literature (270 N) and failure type analysis showed some trends among the groups

Keywords: zirconia; digital dentistry; lithium disilicate; resin bonded bridge; fracture; adhesive
restorations; CAD/CAM; PMMA

1. Introduction

Traumatic loss [1], or congenital absence of one anterior maxillary incisor [2] in adolescents,
requires immediate treatment with temporary or definitive solutions for aesthetic and functional
reasons. Resin-bonded fixed dental prosthesis (RBFDP) represents a highly aesthetic and conservative
treatment option to replace a single tooth in a younger patient, before implant treatment becomes
available [3] or after orthodontic treatment [4]. In literature, survival rates of RBFDPs were 87.7% in
medium-term observation [5]. The main factors of failure include debonding [6], secondary caries on

Appl. Sci. 2020, 10, 4151; doi:10.3390/app10124151 www.mdpi.com/journal/applsci

http://www.mdpi.com/journal/applsci
http://www.mdpi.com
https://orcid.org/0000-0002-1766-2567
https://orcid.org/0000-0001-5858-1483
https://orcid.org/0000-0001-7900-6349
https://orcid.org/0000-0003-3972-9248
https://orcid.org/0000-0002-8099-9795
http://www.mdpi.com/2076-3417/10/12/4151?type=check_update&version=1
http://dx.doi.org/10.3390/app10124151
http://www.mdpi.com/journal/applsci


Appl. Sci. 2020, 10, 4151 2 of 9

the abutment tooth [5], and fracture of the retainers [7]. These causes are determined by two prosthetic
characteristics of RBFDPs: retainer designs [3,8] and properties of the materials [9]. The framework
designed with two-retainer has been the most used by clinicians and dental technicians because it
was considered with higher fracture resistance than the frameworks with one retainer (cantilever).
However, several studies demonstrated that two-retainer RBFDPs have a higher fracture rate and lower
survival rate than cantilever RBFDPs [10–15]. Traditionally, the framework of RBFDPs is made of metal
alloy, but different metal-free materials with more aesthetics and bond strengths are available. Several
authors showed excellent longevity of zirconia [16,17] and lithium ceramic [18] cantilever RBFDPs
over 10–20 years with few mechanical complications. However, the mechanical complications were
different, according to the material. Debonding rate of 8% and one loss of restoration was revealed
by Kern et al. [17] for zirconia cantilever RBFDPs; no debonding was recorded by Sailer et al. [18]
for lithium disilicate cantilever RBFDPs. However, the assessment of the mechanical performance of
prosthetic materials through clinical trials is difficult because of several conditions and characteristics
of the patients.

In the last few years, digital technologies have been introduced in dentistry to improve patient
comfort, decrease operative time, and reduce clinical treatment [19–22]. The use of scanners,
computer-aided design (CAD) software, and computer-aided manufacturing (CAM) machines have
opened many possibilities to replicate and fabricate dental prosthesis in different materials.

Therefore, uniform fabrications of cantilever RBFDPs with different materials by the same standard
tessellation language (STL) file allow knowing the real performance of these materials, and the possible
adverse comportments on the abutment tooth in extreme conditions.

The purpose of this in vitro study was to compare, using the universal testing machine, the fracture
strength and the different types of failure on anterior cantilever RBFDPs fabricated using zirconia,
lithium disilicate, and PMMA-based material with ceramic fillers by the same STL file.

2. Materials and Methods

Sixty extracted bovine mandibular incisives were stored in physiological saline solution at a
temperature between 5 ◦C and 10 ◦C [23]. They were embedded in autopolymerizable methacrylate
resin block of dimensions 35 × 50 × 14 mm (ProBase Cold, Ivoclar Vivadent, Bologna, Italy), with the
cement–enamel junction above 1 mm and orthogonal the resin base. After horizontal preparation of
1–1.5 mm using a diamond chamfer bur on lingual surface near the cementum–enamel junction of
each tooth, air-polishing was performed (S2, EMS) with sodium bicarbonate-based powders (EMS) on
60 teeth for 30 s at distance of about 3 centimeters on total surface of each tooth (Figure 1).
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Figure 1. Air-polishing used to clean incisive embedded in resin block.

All teeth were imported in virtual environment by laboratory scanner (Smart Big Open Technology,
Rezzato (BS), Italy). Using a Cad software (Exocad DentaCad, Darmstad, Germany), one master model
of RBFDP with a cantilevered single-retainer was designed (Figure 2).
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Figure 2. Design of master model of cantilever BFDP.

The RBFDP presented the same parameter setting, shape, and size of the cantilever tooth,
independently from the anatomical morphology of the bovine mandibular incisives. The retainer
wings were fabricated with a uniform thickness of 0.7 mm. The connectors were designed with a height
of 3 mm and a width of 1.5 mm [24,25]. Twenty RBFDPs with a cantilevered single-retainer design for
the groups were fabricated with 3 different materials: zirconia (Katana ML, Kuraray, Milano, Italy),
lithium disilicate (IPS e.max Press LT A2, Ivoclar Vivadent, Bologna, Italy), and PMMA-based material
with ceramic fillers (HIPC, Bredent GmbH, Senden Germany). Each RBFDP has been created by the
same CAD design with different procedures based on the type of material. The twenty RBFDPs in
HIPC were milled by a computer numerical control machine (Roland DWX-50, Roland DG Corporation,
Osaka, Japan). The excessive material was removed with tungsten bur (Komet Dental; H250NEX). All of
the samples were polished using a polisher machine (Sirio Dental, Meldola (FC), Italy). Twenty zirconia
RBFDPs were milled by a CNC machine (Roland DWX-50, Roland DG Corporation, Osaka, Japan),
polished using diamond burs, and sintered (Nabertherm LHT 01/17 D, Nabertherm, Lilienthal,
Germany) for 12 h at 1450 ◦C following the manufacturing instructions. The 20 RBFDPs in lithium
disilicate were fabricated with wax lost technique. A wax block (CeraWax, Co.N.Ce.P.T, Busseto
(PR), Italy) was used to mill the RBFDPs. A sprue was waxed onto the cantilever tooth of all RBFDPs.
They were then embedded in a universal investment material (IPS PressVest Premium investment,
Ivoclar Vivadent, Bologna, Italy), with 2 RBFDPs (Figure 3).
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The wax was removed in a heated furnace (Sirio SR 750-In Fire, Sirio Dental S.r.l., Meldola
(FC), Italy) and the RBFDPs were pressed with lithium disilicate glass-ceramic (IPS e-max Press LT A2,
Ivoclar Vivadent, Bologna, Italy) in the machine-calibrated furnace (Luxor Press-SR 862, Sirio Dental
S.r.l., Meldola (FC), Italy) following manufacturer recommendations (Figure 4).
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Figure 4. RBFDPs in lithium disilicate fabricated with wax lost technique.

The sprue was removed using a metallic disk and all RBFDPs in lithium disilicate were polish
with diamond burs. We obtained 60 comparable RBFDPs with a cantilever design without preparation
of the abutment in three different materials. The thickness of the wings of all RBFDPs were measured
using a caliper. All of the abutment teeth were treated with the same procedure: 15 s of etching
(Scotchbond Universal Etching, 3M, Milano, Italy), 15 s of rinsing with water, 15 s of drying, and the
bonding (Scotchbond Universal Adhesive, 3M, Milano, Italy) were applied for 20 s and polymerized
for 60 s using a lamp (Valo, Ultradent, South Jordan, UT, USA). All of the RBFDPs were cemented
with dual-cured resin cement (Relyx Ultimate, 3M, Milano, Italy) and polymerized for 60 s using led
lamp (400–500 nm), but with different procedures. Air abrasion was performed with 50 µm Al2O3

particles at a 2.5 bar pressure for 15 s at a distance of 10 mm on the wings of RBFDPs in zirconia.
After drying, the wings were cleaned with 96% isopropanol for 3 minutes. The bonding (Scotchbond
Universal Adhesive, 3M, Milano italy) was applied on the wings for 20 s and polymerized for 60 s.
Air abrasion was performed with 110 µm Al2O3 particles at a 2.5 bar pressure for 15 s, at a distance of
10 mm on the wings of RBFDPs in PMMA-based material with ceramic fillers. After drying, the primer
(Visiolink, Bredent, Seden, Germany) was applied on the wings and polymerized for 60 s. Instead,
the wings of RBFDPs in lithium disilicate were etching with hydrofluoric acid (Ceramic Etching gel,
Ivoclar Vivadent, Bologna Italy) for 60 s, 60 s of rinsing, and 30 s of drying. The bonding (Scotchbond
Universal Adhesive, 3M, Milano, Italy) was applied for 20 s and polymerized for 60 s. All procedures
were performed according to the manufacturer’s instructions. The samples were numbered through
the engraving on the resin of a code indicating the material. All samples were mounted on a 30◦ angled
support of a universal testing machine (Acumen 3, MTS Systems Corporation, Eden Praire, MN, USA)
and a static loading at a crosshead speed of 1.5 mm/min, until failure to the incisal edge of the pontic
tooth was performed to simulate real situation (Figure 5). The load was transferred through a 6-mm
diameter steatite ball in the middle of the incisal edge of the pontic tooth until failure [25].

Four types of failure were recorded: debonding of RBFDPs, fracture of the connector, debonding
of the RBFDPs with fracture of the abutment tooth, and fracture of the abutment tooth with the RBFDP
still bonded. All of the methods were synthetized in the following flowchart (Figure 6).
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The Kruskal–Wallis test with a post hoc analysis using Dunn’s test was used to compare the three
groups. The level of statistical significance was set as α =0.05 and statistical power of 80%. A statistical
software (SPSS v16.0; SPSS Inc., Chicago, IL, USA) was used for the analysis.

3. Results

The mean fracture strength of the RBFDPs in zirconia was 292.5 N (SD 36.6) (Figure 7a), 210 N
(SD 37.6) for lithium disilicate (Figure 7b), and 133 N (SD 16.3) for PMMA-based material with ceramic
fillers (Figure 7c).
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In the group of zirconia RBFDPs, all of the failures were fractures of the abutment tooth (Figure 8a);
in the group lithium disilicate 80% of failures were fractures of the connector and 20% debonding of
the RBFDPs, with fractures of the abutment tooth (Figure 8b). In the group of PMMA-based material
with ceramic fillers, 80% of failures were fractures of the connector (Figure 8c) and 20% debonding.
Kruskal–Wallis generated a P-value < 0.001, identifying statistically significant differences between
groups. Dunn’s post hoc tests indicated, however, that the difference was statistically significant
between the group RBFDPs in zirconia and PMMA-based material with ceramic fillers (P = 0.003),
instead no differences were found between RBFDPs in zirconia and lithium disilicate (P = 0.43),
and RBFDPs in lithium disilicate and PMMA-based material with ceramic fillers (P = 0.09).
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Figure 8. Different types of failure: (a) fracture of the abutment tooth in the group RBFDP in zirconia,
(b) fracture of the connector in the group RBFDP in lithium disilicate, and (c) fracture of the connector
in the group RBFDP in PMMA-based material with ceramic fillers.
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4. Discussion

RBFDP is an aesthetic and conservative treatment option to replace a single tooth in a younger
patient; therefore, it is a technique sensitive procedure because it requires proper planning of the
clinical case and choice of materials. This in vitro study investigated the different types of failure after
static fracture strength tests on RBFDPs fabricated using zirconia, lithium disilicate, and PMMA-based
material with ceramic fillers. Zirconia, lithium disilicate, and PMMA-based material with ceramic
fillers presented the mean values static fracture strength of 292.5 N (SD 36.6), 210 N (SD 37.6), and 133 N
(SD 16.3), respectively. Moreover, different types of failure were collected according to the materials.
The 80% of the RBFDPs made in lithium disilicate and PMMA-based material with ceramic fillers
presented fracture of the connector; 20% of debonding and all of the RBFDPs in zirconia presented
fracture of the abutment tooth.

The results can be explained by the different elastic modulus of materials. The lithium disilicate
and PMMA-based material with ceramic fillers presented lower elastic modulus and, consequently,
a greater deformation until the fracture of the materials. Another possible explanation of the fracture of
the connector was recognizable to the superior bond strength, with respect to the materials. The authors
highlight that the lithium disilicate is not indicated to fabricate RBFDPs by manufacturer; however,
the results showed a mean fracture strength of 210 N. Therefore, clinical studies are necessary to
evaluate the performance of this material used to fabricate RBFDPs. Instead, all the RBFDPs in zirconia
presented a fracture of the abutment tooth. The reasons may be attributable to the high elastic modulus
of the material or high bond strength of resin luting cement, with respect to the abutment tooth.

Opposite results were observed in clinical trials [16–19] compared to this in vitro study. The reasons
could be several; however, the load strength of the RBFDP is different in each patient. Moreover,
the pontic elements may not have static and dynamic contacts. In this in vitro study, the uniform
fabrication of all the RBFDPs with different materials by the same STL file, and the strength applied
through a universal machine until failure, allowed to know the mechanic performance of these
prostheses with respect to an in vivo study.

In literature, the same authors in two in vitro studies evaluated the influence of framework
design [14] and mode of loading on the fracture strength [26] on cantilever RBFDPs fabricated in
pre-sintered aluminum-oxide blocks (In-Ceram alumina blanks). The microscopic examination revealed
that 58% of the specimens fractured at the connector only, exactly at the framework-to-veneer interface,
17% fractured at the connector, including veneered parts of the pontic, and 25% fractured at the retainer
only. The possible difference of the performance should be explained that, in this research, the authors
used bovine teeth. Physiologic occlusal forces for adults in the anterior region were determined to be
in a range of 10 to 35 N [27]. Maximal incisive biting forces may vary up to 270 N, primarily depending
on facial morphology and age [28]. Compared to the maximal incisive biting forces, only zirconia
RBFPDs reached values higher than the physiologic values. Even though the mean fracture strength
of lithium disilicate RBFDPs was lower compared to the maximal incisive biting force, it is possible
to use the material to fabricate RBFDPs. However, the clinicians should evaluate, with attention,
the static and dynamic contacts of the clinical case before use of lithium disilicate RBFDP. Whereas,
PMMA-based material with ceramic filler RBFDPs represents a cheap and aesthetic solution for a
temporary prosthesis for patients waiting for implant treatments. Therefore, the choice of a correct
material, according to therapeutic needs, is crucial for the survival of RBFDPs.

Long-term clinical evidence is needed to evaluate the performance of these materials, especially
for use of polymer with ceramic fillers. The drawbacks of this in vitro study were the lack of clinical
conditions, as artificial aging, dynamic loading, and of physiologic tooth mobility; however, the uniform
fabrications of all the RBFDPs with different materials by the same STL file and the same laboratory
conditions allowed to know the real performance of this material, with respect to an in vivo study
where the RBFDPs have different shapes and dimensions.
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5. Conclusions

Within the limitations of this in vitro study, we can conclude that the zirconia RBFDPs presented
load resistance higher than the maximum anterior bite force; furthermore, the lithium disilicate RBFDPs
showed a mean fracture strength similar the anterior bite force.
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