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Abstract: (1) Introduction: Implant-supported fixed complete dentures are mostly composed of can-
tilevers. The purpose of this work was to evaluate the fracture resistance of zirconia (Prettau®, sec-
ond generation, or Ice Zirkon Translucent, first generation) with cantilever lengths of 6 and 10 mm,
and zirconia’s fracture resistance in relation to an average bite force of 250 N. (2) Materials and
methods: 40 structures were created in CAD/CAM and divided into four groups: group A (6 mm
cantilever in IZT), group B (10 mm cantilever in IZT), group C (6 mm cantilever in Pz) and group D
(10 mm cantilever in pz). The study consisted of a traditional “load-to-failure” test. (3) Results: A
statistically significant result was found for the effect of cantilever length, t(38) = 16.23 (p < 0.001),
with this having a large effect size, d = 4.68. The 6 mm cantilever length (M =442.30, sd = 47.49) was
associated with a higher mean force at break than the 10 mm length (M = 215.18, sd = 40.74). No
significant effect was found for the type of zirconia: t(38) = 0.31 (p =0.757), and d = 0.10. (4) Conclu-
sions: All the components with cantilever lengths of 6 mm broke under forces higher than 250 N.
Cantilevers larger than 10mm should be avoided.

Keywords: cantilever length; fracture; bite force; CAD/CAM,; implant-supported prosthesis;

zirconia

1. Introduction

The global elderly population will reach about 400 million in 2050,[1] which will in-
crease partial or total edentulism. In the case of complete dentures, their stability and re-
tention can be obtained through dental implants allowing fixed rehabilitation, or through
the oral mucosa, in which dental adhesives, in the case of removable rehabilitation, play
a fundamental role [2,3]. Fixed prostheses on implants are prostheses that have stability
and retention, supported by dental implants, and they have been used for more than three
decades. Osseointegrated dental implants have revolutionized prosthetic treatments and
have become a fundamental alternative in the quality of life of populations [2-5]. How-
ever, implant-supported fixed rehabilitation can cause problems due to the anatomical
and morphological conditions of the patient, which condition the selection and distribu-
tion of implants [2]. Computer-aided design and computer-aided manufacturing (CAD-
CAM) can be used in different production techniques, namely the subtractive milling and
additive manufacturing. Regarding these two techniques, Valenti et al., has shown that
there is no significant difference between them in terms of the hardness, roughness, mar-
ginal discrepancy, fracture load, trueness, or internal fit. Furthermore, the additive man-
ufacturing doesn’t allow continuous mastication forces for a long period of time, being
mostly used in provisional crowns and fixed partial dentures.[6]

This is a determining factor in the design of prosthetic structures. Therefore, implant-
supported fixed complete dentures, commonly known as hybrid prosthesis, are mostly
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composed of cantilevers [7], that is, a multiple retainer with one or more unsupported free
ends [8], thus allowing the prosthesis to extend to at least the first molar [2]. The use of
cantilevers in fixed prostheses on dental implants is beneficial in places with unfavorable
anatomical characteristics, namely reduced alveolar ridges [9]; however, the placement of
implants can be compromised due to their proximity to certain structures, such as the
maxillary sinuses, the roots of adjacent teeth and the inferior alveolar nerve [8]. However,
long cantilevers should be avoided due to their biomechanical properties, which can lead
to prosthesis fracture [5,7] as well as loss of bone around the implants [5]. As such, it is
recommended that mandibular cantilevers do not exceed 20 mm, and ideally, they should
be less than 15 mm in length [8]. Approximately half of patients rehabilitated with fixed
prostheses containing cantilevers have long-term complications. [2] These can be due to
high occlusal load, but also due to poorly distributed occlusal forces, which can lead to
the loss or fracture of implants used to retain dental prostheses, which happens most often
at the beginning of the arm of the cantilever. In order to avoid this type of fracture, short-
ening the mesiodistal, bucco-lingual/palatal length of the cantilever is recommended [2].
Thus, for a rehabilitation with implants to be successful, it is necessary that implant-sup-
ported prostheses are resistant to fracture [10].

Aesthetics plays a very important role in our society, as such, oral rehabilitation must
take into account aesthetic requirements by using materials that meet the expectations of
patients [11,12]. However, this should not compromise the strength, clinical success and
longevity dental prostheses. The stress caused during their use can be transferred to the
implants, to the bone or to the supporting structures, which highlights the importance of
the choice of material [13,14]. Zirconia differs from other materials due to the phenome-
non called transformation hardening, with three pure forms of zirconia having been iden-
tified, depending on the temperature at which it is found [11].

Due to their aesthetic properties, there has been a substantial increase in the use of
zirconia and ceramics in prosthetic rehabilitation [9,11,12]. This increase is due not only
to the aesthetic component, but also due to these materials’ high fracture resistance and
other mechanical properties [11], their excellent biocompatibility and their physical
properties [9,11,15]. These materials can be used in the elaboration of crowns, posts, fixed
partial dentures, abutments and structures on implants [9]. Currently, yttrium-stabilized
tetragonal zirconia (Y-TZP) is the ceramic material that has the highest fracture resistance
[16], and is the ceramic material most used as a rehabilitation material in high stress areas
due to its high strength [15]. It should be noted that today, the elaboration of zirconia
structures is more optimized, accurate and reliable, due to the development of
computerized CAD-CAM systems [12,17-20]. They may be a viable alternative for full-
arch implant-supported rehabilitations, being able to achieve high 5-year survival rates
with minimal prosthetic complication rates since they were not subject to chipping and
wear even if work needs to be done to improve their esthetics [21,22]. However, their me-
dium-to-long-term clinical outcomes cannot yet be evaluated [23-25].

Finite element analysis studies [26] showed that when force was applied over the
cantilevers, the highest stress was concentrated in the distal posterior screw-access open-
ings (SAOs), which is the zone with the minimum cross-sectional connector area (CSCA)
because of the screw opening passing through it. This means that distal SAOs are the
zones supposed to fracture when excessive strength is applied over the cantilever. This
type of prosthesis distal extension fracture considering it directly related to the cantilever
[27]. The other type of fractures are fractures occurred between the distal SAOs and not

involving them, were hypothesized to be more likely concerned with other causes, such
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as tension in the screw-retained structure, material defects, or excessive thinness of the 94
zirconia framework [26, 27]. 95
An incidence of 5.6% prosthetic failure rate is described in the most of the articles but 96

clinical we can observe a higher percentage but not described [28]. 97
Thus, this work had as its main objective to evaluate the fracture resistance of differ- 98
ent cantilever lengths (CL) (6 and 10 mm). It also attempted to determine which of the 99
zirconia forms (Prettau® or Ice Zirkon Translucent) of lengths of 6 mm and 10 mm is more 100
resistant to fracture, and to evaluate the fracture resistance of zirconia under an average 101
bite force of 250 N. The null hypothesis tested were that the frameworks with a cantilever 102
length of 6mm have the same fracture force of the frameworks with a cantilever length of 103
10 mm. The limits of this study are those understood for an in vitro study and the appli- 104
cation of force was performed only in one direction, excluding the application of oblique 105

forces. 106
2. Materials and Methods 107
2.1. Materials 108

All materials used in this study were selected based on their importance and useful- 109
ness in dentistry, as well as their stability under normal conditions of use and storage. All 110
materials and chemicals were used in accordance with manufacturers” standards. 111

The materials used in this study were two different types of zirconia that belong to 112
the same brand. One of the materials used was Ice Zirkon Translucent (IZT), (Zir- 113
konzahn® Gais, South Tyrol, Italy), and the other was Prettau® Zirconia (PZ), (Zir- 114
konzahn®, Gais, South Tyrol, Italy), as described in Table 1. 115

The interfaces used, as well as the screws, were from IPD® (Mataro, Barcelona, Spain). 116
These interfaces were selected because they are compatible with internal hexagon im- 117

plants. 118
Table 1. Zirconia characteristics. 119
Zirconia Flexural Strength ~ Vickers Hardness (HV10)
Ice Zirkon Translucente 1200-1400 MPa 1250 HV10
Prettau® Zirconia 1000-1200 MPa 1250 HV10
2.2. Methods 120

A standard laboratory protocol was established and applied at the Laboratorio de 121
Investigacdo em Reabilitagdo Oral e Prostodontia, UNIPRO—Oral Pathology and Reha- 122
bilitation Research Unit, University Institute of Health Sciences (IUCS), CESPU, Gandra, 123
Portugal to test all selected samples. 124

2.2.1. Preparation of the Sample 125

In this study, 40 CAD/CAM frameworks were prepared, and divided into four 126
groups: group A (10 frameworks with a 6 mm cantilever in Ice Zirkon Translucent), group 127
B (10 frameworks with a 10 mm cantilever in Ice Zirkon Translucent), group C (10 frame- 128
works with a 6 mm cantilever in Prettau® Zirconia) and group D (10 frameworks with a 129
10 mm cantilever in Prettau® Zirconia) (Figure 1). All the structures were implant-sup- 130
ported by two internal hexagon analogs with a 4.1 platform, and fixed on a titanium base, 131
with there being a distance of 15 mm from their centers. They were all manufactured 4 132
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mm high and 3 mm wide by IPD® (Matard, Barcelona, Spain). A titanium base was pre-
pared so that it could be adapted to the support table to fix the testing machine, Instron®,
Electropuls E10000 Linear-Torsion (Norwood, MA, USA), on which the two internal hex-
agon analogs with a 4.1 platform had been coupled together.

The framework has a rectangle milled shape with linear polished edges.
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Figure 1. Study structures. (a) 6 mm Ice Zircon Translucent cantilever; (b) 10 mm Ice Zircon Trans-
lucent cantilever; (c) 6 mm Prettau® Zirconia cantilever; (d) 10 mm Prettau® Zirconia cantilever.
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2.2.2. Elaboration of Zirconia Structures 142

The structures were digitally executed using a CAD/CAM system (Zirkonzahn® Gais, 143
South Tyrol, Italy) (Figure 2a and 2b). Two body scans (IPD®, Matard, Barcelona, Spain) 144
were placed on the base analogues and they were read in the Scanner 5600 (Zirkonzahn® 145
Gais, South Tyrol, Italy), in order to be able to use a digital library and thus ensure that 146
the structure would be well adapted to the interfaces (Figure 2c). Interfaces with a height 147
of 3.5 mm were used. 148

(a)

149

Figure 2. CAD/CAM elaboration of zirconia frameworks. (a) 6 mm cantilever; (b) 10 mm cantilever; 150
(c) body scans. 151

After the structures were digitally executed, they were milled using the M1 machine 152
from Zirkonzahn® (Gais, South Tyrol, Italy). After this, they were removed from the zir- 153
conia blocks using a turbine and diamond drill, removing only the zirconia supports. The 154
frameworks were sintered in a Zirkonofen 600 EV oven (Zirkonzahn®, Gais, South Tyrol, 155
Italy). The IZT structures were placed in the oven at a maximum temperature of 1400 °C 156
(gradual rise of 8 °C/min, 2 h at maximum temperature and cooling of 8 °C/min until room 157
temperature was reached), under which their dimensions contracted by 20%. In turn, the 158
PZ structures were placed in the oven at a maximum temperature of 1600 °C (gradual rise 159
of 6 °C/min, 2 h at maximum temperature and cooling of 6 °C/min until room temperature 160
was reached), under which they contracted in size by 19.95%. 161

In order to complete the test structures, the interfaces were screwed to the base (pre- 162
viously prepared) at 35 N using a torque wrench. The structures were cemented to the 163
interfaces with Maxcem EliteTM resin cement (Kerr®, Kloten, Switzerland), following the 164
manufacturer’s instructions. Teflon tape was placed in the access channel to the interface 165
screws to prevent the entry of cement. After polymerization, all excesses were removed. 166

2.2.3. Compression Test to Measure the Fracture Resistance Strength of Different Cantile- 167
vers 168

The titanium base, with the implant analogs made for the study, was attached to the 169
Instron® fixation support table, as shown, allowing its connection to the Instron® testing 170
machine, Electropuls E10000 Linear-Torsion. 171

The Instron® Electropuls E10000 LT is a dynamic and fatigue testing machine with 172
linear dynamic capacity of +10 KN, linear static capacity of £7 KN, linear stroke of 60 mm, 173
torque capacity of +100 Nm, torsion stroke of +135° and daylight 877 mm opening, which 174
allows both static and dynamic axial and torsional tests, in accordance with ISO 7500- 175
1:2018. It has a calibration accredited force according to ISO 7500-1 and ASTM E4 standard 176
of up to 5 Mega Newtons. The fixture support table was attached to the machine to adapt 177
the simulation structures, so that all the models were adjusted and produced equal com- 178
pression. In this way, the test structures were parallel to the transport table. 179

The test structures (bars with cantilevers and interfaces) were screwed to the titanium 180
base, as shown in Figure 3a, at 35 N using a torque wrench. The study consisted of a tra- 181
ditional load-to-failure test in which a static load was used, 2 mm from the end of the 182
cantilever arm (Figure 3b), which progressively increased by 1 mm/min towards the struc- 183
ture until the fracture occurred (Figure 3c,d), as described in Alshiddi et al.’s study [9]. 184
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The number of samples that was used for each zirconia type was 10 replicates (10 185
cantilevered frameworks) with 6mm and 10 mm cantilever lengths. In this way, the frac- 186
ture resistance force of each type of structure was measured 10 times, and the values were 187
recorded in newtons (N). 188

189

Figure 3. Fracture resistance tests. (a) Titanium-based bolted structure; (b) Start of the static load, 2 190
mm from the end of the cantilever arm; (c) Fracture of the 6 mm cantilever; (d) Fracture of the 10 191
mm cantilever. 192

Test results were transferred to WaveMatrix® 2 Dynamic Test Software (Instron® 193
Norwood, MA, USA). This software allows users to define and run tests and acquire data 194
for a wide variety of dynamic and quasi-static applications. Then, all the values and data 195
were transferred to Microsoft Office Excel®, where the statistical analysis of the obtained 196
data was performed. 197

2.3. Statistical Analysis 198

Data was analyzed with R, version 4.1.2 (R Core Team, 2021). Initial data inspection 199
included normality assessment of force at break (standard) measured in newtons [N], us- 200
ing the Shapiro-Wilk test, which is appropriate for sample sizes lower than 50. Levene’s 201
test was used to assess the homogeneity of variance. Considering the results of the tests, 202
parametric tests were implemented. Descriptive statistics are presented as means (M) and 203
standard deviations (SD). Boxplots were also used to plot the distribution of force at break, 204
with points added that corresponded to the sampling observations. Observation overlap 205
was avoided by including a jitter function. Independent samples t-tests were used to com- 206
pare force at break according to the type of zirconia (Translucent and Prettau), cantilever 207
length (6 mm and 10 mm) and the type of zirconia stratified by each cantilever length. 208
Cohen’s d was calculated for effect size, with 0.2 considered a small effect size, 0.5 a me- 209
dium effect size and 0.8 a large effect size. 210

The interaction between the type of zirconia and cantilever length was assessed using 211
factorial ANOVA. Partial eta squared (np2) was used to assess effect size, with 0.01 con- 212

sidered a small effect size, 0.06 a medium effect size and 0.14 a large effect size 213
One sample t-tests were used to compare the mean forces at break under the limit of 214
250 N. 215
Statistical significance was considered for p <0.05. A higher threshold (marginal sig- 216
nificance, p < 0.10) was considered when the sample size was 10 or lower. 217
3. Results 218

A total of 40 component samples were enrolled in a 2 x 2 design that considered the 219
type of zirconia (Translucent and Prettau) and the cantilever length (6 mm and 10 mm). 220
The resistance to fracture was assessed with the force at break (standard) measured in 221
newtons [N]. Table 2 and Figure 4 show results for the independent effects of the type of 222
zirconia and cantilever length on force at break. A statistically significant result was found 223
for the effect of cantilever length, t(38) = 16.23 (p < 0.001), with this having a large effect 224
size, d =4.68. Lengths of 6 mm (M = 442.30, sd =47.49) were associated with a higher mean 225
force at break when compared with lengths of 10 mm (M = 215.18, sd = 40.74). No signifi- 226
cant effect was found for the zirconia type: t(38) = 0.31 (p =0.757), d = 0.10. 227

228
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Table 2. Force at break (Standard) [N] according to type of zirconia and cantilever length.

Type of Zirconia Cantilever Length
Translucent Prettau t-test 6 mm 10 mm t-test
(n=20) (n=20) (n=20) (n=20)
Force at Break 322.62 334.86 tes)=0.31 (p = 0.757) 442 .30 215.18 tes)=16.23 (p <0.001)
(Standard) [N] (137.09) (110.41) d=0.10 (47.49) (40.74) d=4.68
500 v .T-t'est, p=0.76 5% 500 g % JT-test, p<2.2e-16
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Figure 4. Force at break (Standard) [N] according to type of zirconia and cantilever length.

Table 3 and Figure 5 show results for the independent effect of the type of zirconia
stratified by cantilever length (6 mm and 10 mm). For the 10 mm length, a marginal effect
was detected, tas=-2.01 (p =0.070), with this having a large effect size, d = 0.90. The Prettau
Zirconia components showed a higher mean force at break (M = 232.18, sd = 16.83) than
the Ice Zirkon Translucent components (M =198.18, sd =50.79). No marginal or significant
effect was detected for the 6 mm cantilever length.

Table 3. Force at break (Standard) [N] according to type of zirconia stratified by cantilever length (6

mm and 10 mm).

Cantilever Length = 6 mm

Cantilever Length = 10 mm

(n = 20) (n=20)
Translucent Prettau Translucent Prettau
Zirconia Zirconia t-test Zirconia Zirconia t-test
(n=10) (n=10) (n=10) (n=10)
Force at Break 447.05 437.54 tas)=0.44 (p = 0.667) 198.18 23218  tasy=-2.01 (p =0.070)}
(Standard) [N] (51.84) (44.97) d=0.20 (50.79) (16.83) d=0.90
T-test, p=0.67 T-test, p=0.07
Z500 . , . » Z500
T 1 T
o ©
2400 . . 3 2400
& o = b
= =
< 300 S 300
: I .
§ 200 § 200 g C
g g —
100 100
Translucent Prettau Translucent Prettau

Zirconia (Cantilever 6 mm)

Zirconia (Cantilever 10 mm)

Figure 5. Force at break (Standard) [N] according to type of zirconia stratified by cantilever length

(6 mm and 10 mm).
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Next, the interaction between the type of zirconia and cantilever length was studied 243
by conducting a factorial ANOVA (Table 4, Figure 6). The initial effects of the type of 244
zirconia and cantilever length were assessed. Cantilever length showed a significant ef- 245
fect, Fa,3=272.46 (p <0.001), a large effect size, np?=0.88, and a higher mean force at break 246
for 6 mm, as previously shown. No significant effect was found for the type of zirconia: 247
Fa36=0.79 (p = 0.379), and np?=0.02. The interaction between the type of zirconia and can- 248
tilever length was also not statistically significant: F,36=2.50 (p = 0.273), and 1np?=0.07, 249
meaning that the cantilever length effect of 6 mm was independent of the type of zirconia. 250

Table 4. Factorial ANOVA for the effect of type of zirconia and cantilever length on force at break 251
(Standard) [N]. 252

n M SD Factorial ANOVA

Zirconia Cantilever
6 mm 10 447.05 51.84
Translucent 10 mm 10 198.18 50.79
Total 20 322.62  137.09
6 mm 10 437.54 44.97
Prettau 10 mm 10 232.18 16.83
Total 20 334.86 110.41
6 mm 20  442.30 47.49
Total 10 mm 20 215.18 40.74
Total 40 328.74  123.02

Zirconia effect
Fa36=0.79 (p = 0.379), np?=0.02

Cantilever effect
Fa,36=272.46 (p < 0.001), np2=0.88

Zirconia x Cantilever effect
Fa36=2.50 (p =0.273), np?=0.07

cantilever - 6 mm 10 mm
400 1
@
2
2
300 1
200 1
Translucent Prettau
zirconia 253
Figure 6. Force at break (Standard) [N] interaction between type of zirconia and cantilever length. 254

Finally, force at break was compared to the limit of 250 N under the null hypothesis 255
of Ho: n <250 N vs. the alternative of Hi: p > 250 N. Comparisons were made that consid- 256
ered all samples as a whole and by group (Table 5). Unilateral one sample t-tests showed 257
statistically significant differences (p < 0.001) for all samples of a 6 mm cantilever length, 258
regardless of the zirconia type, indicating that the required force to break the components 259
is higher than 250 N for components with a cantilever length of 6 mm. All components 260
with a 6 mm cantilever length broke under forces higher than 250 N. On the contrary, for 261
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the cantilever length of 10 mm, the null hypothesis was not rejected (p > 0.999) for both Ice
Zirkon Translucent, with just two (20%) components of which breaking under forces
higher than 250 N, and Prettau Zirconia, with just 1 (10%) component of which breaking
after applying forces higher than 250 N.

Table 5. Unilateral one sample t-tests for assessing limits of force at break (Standard) [N].

Proportion of

Tests for Mean > 250 N Components > 250 N
n M SD t-tests n (%)
Zirconia Cantilever

6mm 10 44705 51.84 (t;’: 3.(2)'&2) 10 (100%)

Translucent ~ 10mm 10 198.18  50.79 (t;):(; 5;‘9293) 2 (20%)
Total 20 322.62 137.09 (;“2 z%fg) 12 (60.0%)
6mm 10 43754 44.97 (Zg):&g‘gf) 10 (100%)

Prettau 10mm 10 23218 16.83 (t;): (; 395'95) 1(10%)
Total 20 334.86 110.41 (Z”:) 32‘33) 11 (55.0%)
6mm 20 44230 47.49 :;9):01'3(.)111) 20 (100%)
Total 10mm 20 21518 4074 E;"’fo_;;;z) 3 (15.0%)
Total 40 32874 123.02 (;(32 T).t(o)f) 23 (57.5%)

Figure 7 shows that all the components included in the study needed to be submitted
to forces higher than 250 N to break. As previously shown, all components with a cantile-
ver length of 6 mm required a force higher than 250 N to break. In the whole sample, the
minimum and maximum forces at break were 143.07 N and 501.58 N, respectively.

600

500 g

Z
T
3
g 400 8
28 ]
E 4
©
$ 300
@ °
%
S
§ 20
100

DDo® °

Cantilever

@6mm
@10mm

Translucent

Zirconia

Prettau

Figure 7. Force at break (Standard) [N] for all components included in the study and the considered

limits.
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4. Discussion 274

For fixed implant rehabilitations, namely, rehabilitations with structures with canti- 275
levers, the CL is a very important factor to take into account, as it influences the longevity 276
of the rehabilitation. In this study, we tested the fracture resistance of different lengths of 277
cantilevers, 6 and 10 mm, and also the resistance of two different types of zirconia, Ice 278
Zirkon Translucent and Prettau® Zirconia. For this purpose, 40 frameworks were made 279
and tested: 20 frameworks with a 6 mm cantilever, of which 10 were in Ice Zirkon Trans- 280
lucent and 10 were in Prettau® Zirconia, and 20 frameworks with a 10 mm cantilever, of 281
which 10 were also in Ice Zirkon Translucent and in Prettau® zirconia. 282

Tirone et al. reported on the CL or the thickness of the zirconia around the screw 283
access opening (SAO) to the fracture of the structure [29], and their results were in line 284
with those found in our study, because the SAO was the zone where there was a fracture 285
in the zirconia structures. In order to overcome this problem, Alshiddi et al. used a thick- 286
ness increase of 0.5 mm around the distal SAO in order to reinforce it [9]. In our study, the 287
value used around the SAO was the predefined value of the CAD/CAM program, namely 288
0.5 mm, in order not to modify the values that are established for use in the elaboration of 289
structures of implant-supported zirconia prostheses. 290

With regard to CL, the results obtained in this study corroborate what has been de- 291
scribed by several authors [2,9,29]. Bearing in mind that the ideal cantilever length should 292
not exceed 9 mm, in this study, structures with 6 mm and 10 mm cantilevers were tested 293
in order to test their resistance to fracture. A higher force was required to cause fracture 294
in 6 mm structures (a mean force of 442.30 N) than in 10 mm structures (a mean force of 295
215.18 N). It was also found that when a force was applied to the cantilever, the greatest 296
stress point was concentrated in the distal SAO, with there being a smaller cross-sectional 297
connector area due to access to the SAQ, these being the areas where fracture is expected. 298

Bite force (BF) is an important component of mastication as well as masticatory func- 299
tion [30]. The measurement of BF allows us to determine the average BF values of a given 300
population, thus helping us choose the most suitable and resistant materials during pros- 301
thetic rehabilitation. Based on Takaki et al.’s study, in which they reported a mean BF of 302
285.01 N for women and 253.99 N for men [31], and Levartovsky et al.’s study, in which 303
they reported an average BF of between 258.5 N and 175.8 N [32], we used an average BF 304
reference value of 250 N. Taking into account this average BF value and analyzing the 305
results obtained, we can see that all structures with a 6 mm cantilever required a force 306
greater than the average reference value for fracture to occur, unlike structures with a 10 307
mm cantilever, of which only three structures resisted forces greater than 250 N (one in 308
PT and two in IZT). However, Van Vuuren et al. reported an average BF of 430.4 N [33], 309
and, taking this value into account, we can see that only structures with a 6 mm cantilever 310
can resist this average BF, given that the mean fracture values found in this study were 311
437.54 N in PT and 447.05 N in IZT. Taking into account these mean BF values and based 312
on the results of this study, we can say that in terms of longevity of prosthetic rehabilita- 313
tions, structures with 6 mm cantilevers have a higher fracture resistance behavior than 314
those found in cantilevers with 10 mm long. Regarding the type of zirconia used (Ice Zir- 315
kon Translucent and Prettau® Zirconia), they performed similarly in terms of fracture re- 316
sistance, with there being no statistically significant differences between them. 317

Y-TZP, a widely developed ceramic rehabilitation material [34], is considered the 318
most resistant and robust ceramic material available [35]. Clinically, stratified crowns after 319
prolonged use have shown fissures or fractures, leading to rehabilitation failure [12,36,37]. 320
This problem has been solved with the introduction and development of monolithic zir- 321
conia, which is manufactured in CAD/CAM. The first generation of 3Y-TZP was devel- 322
oped to be the strongest, accepting loads of up to 1200 MPa [24]. In this type of rehabilita- 323
tion, all the ceramic layering is removed, thus preventing one of the reasons for its failure 324
[34,36,37]. 325

In this study, the differences in the average strength of materials were not considered 326
significant. IZT presented an average fracture resistance of 322.62 N, while PZ presented 327
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an average fracture resistance of 334.86 N. However, even though the difference in the 328
strength of the different materials was minimal, the fracture strength of the 10 mm canti- 329
lever PZ obtained better results than that of the IZT, the former requiring an average force 330
of 232.18 N compared to the latter’s 198.18 N. Meanwhile, the 6 mm cantilever PZ required 331
an average force of 437.54, and the IZT required an average force of 447.05 N. 332

The framework shape was not evaluated in this study, but some studies suggest that 333
geometry influences the material behavior and fracture. A conventional shape (linear, e.g., 334
our framework design); convex shape (1.0-mm curve in the direction of the occlusal sur- 335
face); concave shape (1.0-mm curve in the direction of the gingival surface). The different 336
results, for example, in Tsumita et al. study of the mechanical strength in different frame- 337
work shapes, showed that the fracture load for the convex shape was the highest; however, 338
critical cracks in the veneer porcelain were seen in the convex shape, but not in the other 339
two shapes [38]. These cracks occurred from the lower margin of the pontic framework 340
towards the gingival surface of the medial and distal connectors of the pontic. Such failure 341
is not clinically acceptable. Because of the geometry of the convex shape, it was difficult 342
for the frameworks located on the gingival side of the connector where stress concentrates; 343
thus, the veneer porcelain received the tensile stress directly, and cracks were initiated at 344
a low load value. Also, the final fracture load was high, because the shape of frameworks 345
resembled a reverse catenary, and thus received the loading stress as compressive stress. 346
The fracture load for the concave shape was significantly higher than that for the conven- 347
tional shape; the veneer porcelain cracking load for the concave shape was significantly 348
greater than that for the convex shape. In terms of bridge engineering, the concave shape 349
resembled a catenary; however, by arranging a framework without a pontic-connector in- 350
terface where stress concentrates in an area of maximum principal stress, the load could 351
be evenly dispersed throughout the lower margin of the frame. 352

Conventional cast noble (gold or silver-palladium) or not noble metal alloys (Co-Cr) 353
are the most traditionally employed materials for full-arch implant-supported rehabilita- 354
tions, reporting high clinical performances with optimal clinical implant and prosthetic 355
survival rates in the long term. However, various alternative materials are available to- 356

day, such as titanium, zirconia and several polymers including carbon-fiber frameworks, 357

providing corrosion resistance and biocompatibility, great mechanical characteristics, 358
with satisfactory clinical outcomes [28]. 359

Further comparative clinical studies, possibly randomized clinical trials with a 360
longer follow-up-time, are needed in order to validate the use of new materials and de- 361
fine their specific clinical indications. 362
5. Conclusions 363

In the present study, it was found that there was a big difference in the fracture re- 364
sistance of the cantilevers used, and, taking into account the average BF, fracture strength 365
was much higher in the 6 mm cantilevers compared to the 10 mm cantilevers. 366

Regarding the type of zirconia, IZT or PT, we found that there were no statistically 367
significant differences regarding their strength in the two cantilevers lengths (6 and 10 368
mm). 369

Taking into account the average BF of 250 N, in the 6 mm cantilever, the IZT and PT 370
did not show significant differences in fracture resistance, both presenting an average 371
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fracture force greater than 250 N. On the other hand, in the 10 mm cantilevers, the IZT
and the PT obtained inferior results in relation to this mean BF value in terms of fracture
resistance, with both presenting a lower mean fracture force.
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