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In vitro fracture resistance of implant-supported terminal

zirconia cantilevered frameworks

Purpose
This study aims to investigate the in vitro fracture loads of three different terminal
cantilever forms of implant-supported zirconia frameworks.

Materials and Methods

A total of 30 implant-supported zirconia frameworks (Aconia, China) were CAD/
CAM-fabricated and divided into three groups, each with a distal abutment
cantilever form design of 5mm: Group A had square cantilevers, Group B had oval
cantilevers, and Group C had oval-square cantilevers. Universal testing machine was
used to apply vertical loads to the samples, and the fracture loads were recorded.
Variance analysis and Tukey's post-hoc tests were applied for statistical evaluation.

Results

There was no significant difference between the mean fracture loads of Group B
(587.8£112.2 N) and Group C (591.3 £81.3 N), but both of these groups exhibited
significantly lower fracture loads compared to Group A (893.8+145 N, p<0.001 for
each).

Conclusion

Within the scope of this experimental study, it can be concluded that implant-
supported terminal square shaped cantilever zirconia frameworks, each measuring
5 mm from the distal abutment, are more likely to exhibit greater resistance to
vertical loads compared to their oval and oval-square counterparts.

Keywords: Fixed partial denture, zirconia, implant, fracture load, dental prosthesis

Introduction

Cantilevered Fixed Partial Dentures (CFPDs) are among the alternative
options available for patients with distal extension edentulous ridges. The
evaluations vary, and some researchers have expressed concerns about
the risks associated with CFPDs (1). Implant restorations may experience
mechanical failure due to the potential interference of cantilevers with
biomechanics (2). Patients with critical anatomical features, such as high
ridge bone resorption structures near the maxillary sinus floor and inferi-
or alveolar nerves, are recommended to opt for an implant-retained pros-
thesis. However, the demand for CFPDs has surged due to factors such as
cost-effectiveness, patient comfort, and acceptance (3).

Loads on distal extensions can cause bending because of the hinging
action of the restorations (4). Despite the absence of a consensus on the
maximum permissible cantilever span, suggestions include considering
anterior-posterior extension and the use of various prosthodontic materi-
als (5). The Shorter Dental-Arch concept (SDA) may provide an alternative
treatment option to reduce restoration bending and stress on implant/
bone contacts caused by cantilever loads. Therefore, it is advisable to
keep the distal extensions as short as possible (6).
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Recently, the utilization of zirconia (Zr) dental restorations
has witnessed a substantial increase. This surge can be at-
tributed to their enhanced biocompatibility and mechanical
attributes, including fracture strength and toughness, as
well as physical properties such as dimensional stability and
tooth color matching (7,3). Several authors have suggested
that occlusal forces may have the potential to damage the
cantilever structure by acting as a lever. However, there ex-
ists a lack of empirical consensus in the literature concern-
ing classic titanium and Zr substructures due to their limited
study, primarily in vitro and retrospective research studies
(8). Zr ceramics find application in single crowns, implant
abutments, frameworks, and fixed partial dentures (FPD) (9).
The formation of inherent flaws and microcracks is an out-
come of the intrinsic brittleness of ceramics, which contin-
ues to pose a fundamental challenge in the use of metal-free
ceramic restorations (10). Over time, microcracks may prop-
agate, ultimately leading to restorative fracture and failure
(11). Zr dental restorations have demonstrated an increased
resistance to crack propagation and microcrack formation.
This heightened resistance may be attributed to the con-
version of the tetragonal phase to the monoclinic phase
through transformation toughening (12).

Computer-aided design and computer-aided manufactur-
ing (CAD/CAM) represents an additional production method
that plays a pivotal role in dentistry (13,14). The production
of an ideal metal-ceramic restoration involves a myriad of in-
tricate techniques that are method-sensitive, time-consum-
ing and costly. With the advent of state-of-the-art CAD/CAM
technology, it is now feasible to precisely fabricate Zr abut-
ments for implant-supported fixed dental prostheses (FDPs)
(15,16). Nonetheless, despite their remarkable mechanical
capabilities, Zr FPDs are not exempt from challenges (17).
FPDs located in posterior regions should ideally be able to
withstand masticatory pressures without mechanical failure
(18). This is of paramount importance for posterior resto-
rations in terms of biofunctionality, as they are designed for
functional mastication rather than purely aesthetic consid-
erations (19). Molars are particularly susceptible to complex
occlusal stresses, which can range from 300 to 800N. In cer-
tain patients exhibiting parafunctional behaviors, occlusal
loads can escalate to T000N (20). In terms of the implications
and survival rates of Zr FPDs, the data is contingent on study
designs and specific circumstances (21).

The use of implant-supported CAD/CAM fabricated canti-
levered Zr frameworks (ISCZFs) in distal extension-free end
saddle zones has arisen out of necessity (22,23). Current-
ly, there is limited and insufficient evidence regarding the
strength of ISCZFs concerning the size and dimensions of
the cantilever (24,25). The indirect fabrication of restorations
through CAD/CAM empowers dentists and practitioners to
design a wide range of restorations, from simple inlays/on-
lays to single crowns, fixed partial dentures (FPDs), and even
maxillofacial prostheses. CAD/CAM technology comes with
no constraints, resulting in restorations that are long-lasting,
aesthetically pleasing, biocompatible, possess greater mar-
ginal and internal adaptability, and are efficiently manufac-
tured (26). However, the milling method involving diamond
burs for the cutting blocks under torque may initially cause
tiny, non-visible fractures that could propagate and eventu-
ally lead to restoration failure (27).

Many in-vitro studies related to implant-supported res-
torations excluded the use of cementation during testing
procedures to ensure uniform stress distribution along the
occlusal surface. Cement retention is often associated with
occlusal integrity (28). Removing any excess cement materi-
al entirely from the subgingival area can be challenging (29).
During the fabrication process, the flowable cement materi-
al may have lined the inner surface of the implant-support-
ed crown, resulting in a tight fit between the restoration and
the abutment. Cementless fixation (CLF) involves a recessed
device on the occlusal surface of the abutment that uniform-
ly distributes stresses along the occlusal surface (30). Conse-
quently, CLF has been proposed as a novel retentive method
for implant prostheses that do not rely on cement or screws.
However, there have been few studies investigating the bio-
mechanical aspects of the CLF implant crown, leaving the
optimal design for reducing stress distribution on the CLF
implant restoration uncertain.

In the present in-vitro study, the fracture load of the
cross-sectional dimension of the cantilever on ISCZF was
considered as the standard. The ultimate fracture strength
of the specimens was assessed using a universal mechani-
cal tester and incremental loading until failure. This method,
known for its simplicity and accuracy, has been employed
in previous studies to evaluate cantilever prostheses (31,32).
The objective of this in-vitro study is to examine the fracture
load of three different forms of terminal Zr cantilevers. Ac-
cording to the null hypothesis, the different forms of the ter-
minal cantilevers would not have an impact on the fracture
load of ISCZFs.

Materials and Methods
Sample preparation

In this in-vitro study, CAD/CAM ISCZF specimens (n=33)
were fabricated using Aconia Zirconia blank (HT+, Sichuan,
China). The specimens were then divided into three main
groups (n=11) based on the forms of the terminal cantilever:
Group A (Oval-shaped cantilever), Group B (Square-shaped
cantilever), and Group C (Oval-square shaped cantilever).

The study utilized a Dentium arch (Dentium, Cypress CA,
USA) to secure two mono-screw implants measuring 5mm
in diameter and 10mm in height (De-Tech mono-screw im-
plant, Ankara, Turkey). Digital implant-supported cantilever
zirconia frameworks (ISCZFs) were designed for the study
groups using Exocad dental (3.0 Galway 2018, Germany),
and fabricated using the In lab imes-icore CORITEC 350i
PRO milling device (GmbH & Co, Germany). The frameworks
were milled from Aconia Zirconia blank HT+. Two identical
cemented-retained mono-titanium abutments were used in
the preparation of Zr implant-supported frameworks.

For the Co-Cr base model, a 3D-printed version was creat-
ed using Bego Co-Cr (BEGO GmbH & Co, Germany) and the
Riton Dual-150 DMLS Dental Laboratory Fit Laser Metal 3D
Printer (Guangzhou, China) (33,34). All frameworks were de-
signed with dimensions corresponding to the forms of the
cantilever, as shown in Figure 1, and were sintered at 1520°C
for 8h using ZITIN-TECH (Zhengzhou, China), to achieve full
strength. The dimensions of all terminal cantilevers were
confirmed using a digital caliper (Shanghai, China).



Fracture resistance of implant-supported terminal cantilever

29

Fracture strength test

As per the ISO standardization for dental ceramics
(6872:1995), each framework with a terminal cantilever un-
derwent testing for ultimate fracture load using a Universal
Testing Machine (Instron 1195, England). Failure was identi-
fied through naked-eye observation, discerning an audible
crack or a sudden drop in the applied force at the terminal
end of each specimen. The static load testing involved a tra-
ditional load-to-failure approach until fracture occurred (35).

A vertically oriented tapered-shaped plate, with a cross-
head speed of 2mm/min, was directed to contact the frame-
work 2mm away from the terminal end of the cantilever (see
Figure 2). The maximum load values leading to fracture were
recorded in newtons (N), and failure was determined by a
sharp decrease in the applied force at the terminal cantilever.

Statistical analysis
The fracture load data for the three-shaped terminal canti-

lever was recorded and subjected to statistical analysis using
IBM SPSS 22.0 (IBM SPSS Inc., Armonk, NY, USA). Analysis of

Figure 1. The CAD design and dimensions of the Zr framework
terminal cantilevers, A, oval-shaped; A, Square-shaped; and C,
Oval-square shaped cantilever

variance (ANOVA) and post-hoc Tukey HSD test were em-
ployed to assess the differences between the fracture loads
of the ISCZFs. The established statistical significance thresh-
old was set at p<0.05.

Results

The study results are presented in Table 1 and Figure 3.
Oval-shaped terminal cantilever specimens failed at a mean
load of 587.8+112.2N, square-shaped terminal cantilevers at
893.8+145N, and oval-square terminal cantilevers fractured
at 591.3+81.3N.

The one-way ANOVA test indicated a statistically signif-
icant strength effect for the square-shaped terminal canti-
lever (p<001). However, a non-significant interaction was
observed between the oval and oval-square terminal can-
tilevers.

Specimens failed due to a fracture of the terminal cantile-
ver without abutment copy damage or plastic deformation.
In all oval and oval-squared terminal cantilevers, the distal
abutment wall broke, leading to catastrophic crack propaga-

Figure 2. RPD Zr frameworks, A, Three different terminal
cantilever designs; B, Terminal cantilever under load fracture
testing chisel
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Figure 3. Box plot represent an ultimate fracture load for three
shaped terminal cantilevers.

Table 1. Analysis of variance and post-hoc Tukey HSD test showing the mean fracture load differences for three groups.

95% Confidence Interval

Groups Mean Difference Std. Error P-Value Sig.
Lower Bound Upper Bound
Oval Square -306.0000 49.36945 .000 S -427.7091 -184.2909
Oval-Square -3.4545 49.36945 .997 NS -125.1636 118.2545
Square Oval-Square 302.5455" 49.36945 .000 S 180.8364 424.2545
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tion at the cantilever connector section. Fissures extended
around the length of the distal abutment copy wall, reach-
ing the connecting region. In contrast, the squared Zr spec-
imens shattered at the very end of the terminal cantilever
(see Figure 4 and Figure 5).

e 4
v /]

oval Square Oval-Square

Figure 4. The mode of failure for shaped terminal cantilevers, A,
Oval; B, Square; and C, Oval-square

Figure 5. Fractographical chart for the studied cantilevers.

Discussion

The testing method, although based on static applied
forces, can provide an early assessment of the mechani-
cal properties of cantilevered restorations. Zr materials are
prone to crack propagation and fracture due to their brittle-
ness nature. Therefore, it is essential to identify some mate-
rial's mechanical characteristics in advance, including frac-
ture strength and fractographic analysis (32). Moreover, the
use of implant mimics for testing the fracture resistance and
stress distribution for implant-supported cemented crowns
is well acknowledged (33).

A typical load-to-failure technique was employed to test
Zr implant-supported frameworks with variable dimensions
of a terminal cantilever. The null hypothesis has been par-
tially rejected. In the case of the square-shaped terminal
cantilever, different cantilever forms having the same frac-
ture load were rejected. However, it is accepted in terms of
oval and oval-square cross-sectional area cantilevers since
non-significant interaction was found between both oval
and oval-square terminal cantilevers.

The failure of terminal cantilevered implant-supported
frameworks made of Zr occurred at the thinnest region of
the abutment wall. Figures 4 and 5 show the failures that
occurred within the abutment walls, likely at internal stress
concentrators as a result of abutment copy design. Tensile
forces cause cracks to propagate and fracture within the
thinnest ceramic part of Tmm thickness. Future research
should investigate the impact of thickening the abutment
copy wall. The distal abutment wall shattered all oval and
oval-squared terminal cantilevers, resulting in catastrophic
crack propagation to the cantilever connector region.

Despite the lack of long-term successful clinical evidence
and complication rates of Zr FPDs, one systematic review
advocated for the use of posterior Zr FPDPs (35). The inter-

occlusal space available for restorative material is likely to
influence the cantilever dimension. As a result, the cantile-
ver shape must fit inside the given area. It seems that cer-
tain connector specifications enable the terminal cantilever
to overcome higher loads and have superior fracture resis-
tance (2). This study applied a static load with gradual dis-
placement increases till failure, following the experimental
methods over a 3D-printed Cobalt-Chromium (Co-Cr) man-
dibular testing model. Although this study’s static load up
to failure testing does not reflect the clinical conditions, it
can be considered a preliminary determination for ultimate
fracture force. It might denote the sort of fracture force that
is applicable to terminal cantilevered Zr restorations, and
further studies are needed to highlight the effect of terminal
cantilever cross-section on the performance of FPDs.

The current study’s cantilever form was a basic Zr beam.
To overcome the problem of stresses at the site of failure,
future research will properly include the importing of a 3D
study component of framework design into modeling and
finite element analysis (FEM/FEA) by reinforcing the areas of
weakness within the framework. Zr thermocycling loading
in a wet environment should also be established to deter-
mine how this material is expected to perform in an oral en-
vironment, as well as include cementation and the use of the
original components of the implant system.

This study was conducted without veneering porcelain, as
the overlaying veneering porcelain may weaken the spec-
imens. Recent treatment procedures have incorporated
unique Zr with partial designs to reduce or eliminate veneer-
ing porcelain fractures. Furthermore, in the current design,
Zr FPDFs were mounted on third-party 3D non-titanium im-
plant-printed counterparts with no cementation. The critical
fracture force of the frameworks might be lower due to the
use of non-original components that cause misfits at the im-
plant-abutment contact (28,29).

Conclusion

This in-vitro data suggests that the use of a 5mm square-
shaped short terminal cantilever with Zr frameworks should
be limited to the two distal implant-supported occluding
units. It appears that employing a cantilevered implant-sup-
ported restoration could be a viable alternative in partial
edentulous rehabilitations. The success of implant-retainer
Zr cantilevers replacing posterior teeth relies on a comput-
erized prosthetic approach that considers the design of the
cantilever area. Consequently, for prosthetic construction
dependent on the position and shape of the terminal canti-
lever, a comprehensive examination of the implant-support-
ed case is necessary.

Tiirkge 6zet: implant destekli terminal zirkonya kantilever alt yapilarin
in vitro kinlma direnci. Amag: Bu ¢alisma, implant destekli zirkonya alt
yapularin (g farkl sekilli kantilever formunun in vitro kirllma yiiklerini
arastirmay! amaclamaktadir. Gere¢ ve Yontem: Toplam 30 adet im-
plant destekli zirkonya alt yapi (Aconia, Cin) CAD/CAM ile iiretildi ve
her biri 5 mm’lik distale uzanan farkl kantilever kesit tasarimina sahip
tic gruba aynildi: Grup Ada kare, Grup B'de ise oval ve Grup Cde oval-
kare sekilli numuneler hazirlandi. Numunelere dikey yiikler uygulamak
icin evrensel test cihai kullanildi ve kirilma yiikleri kaydedildi. istatistik-
sel degerlendirmede varyans analizi ve Tukey post-hoc testleri uygu-
land.. Bulgular: Grup B (587,8+112,2 N) ve Grup C'nin (591,3 +81,3 N)
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ortalama kirlma yiikleri arasinda anlamli bir fark yoktu, ancak her iki
grup da Grup A’ya (893,8+145 N) kiyasla anlamli derecede daha diistik
kinik ytikleri sergiledi (her biri icin p<0,001). Sonug: Bu deneysel ¢alis-
ma kapsaminda, her biri distal dayanaktan 5 mm uzanan kare sekilli
zirkonya implant destekli terminal kantileverlerin, oval ve késeli alt
yapilara kiyasla dikey ytiklere karsi daha fazla direng g6sterme ihtima-
linin daha yliksek oldugu sonucuna varilabilir. Anahtar kelimeler: sabit
béliimli protez, zirkonya, implant, kirik yiikd, dis protezi
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