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The aim of this in vitro study is to compare the load-to-fracture performance of polymethyl methacrylates
(PMMA) provisional restorations manufactured with a traditional laboratory technique in comparison to a
computer-assisted design and computer-assisted manufacturing (CAD-CAM) technique. Five interim threeunit fixed dental prostheses were fabricated with the conventional indirect technique, on a standard typodont.
The same model was scanned with an intraoral scanner and the digital design of identical fixed dental
prostheses was made. Then other five interim three-unit fixed dental prostheses were milled from PMMA
CAD/CAM blocks with an in office milling machine. All specimens were tested for flexural strength in a
universal testing machine, and the maximum load to fracture was measured. For the conventional provisional
restorations, the load to fracture was 121.16 ± 24.6, in comparison to CAD/CAM interim restorations, for
which the load to fracture was 728.88 ± 228.7. Within the limitations of this study, one can conclude that
CAD/CAM provisional restorations present a higher fracture load than the conventional manufactured interim
restorations.
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Provisional restorations can be manufactured from
different materials. They have several necessar y
characteristics, such as the protection of the pulp and of
the periodontal tissues, as well as the marginal and occlusal
stability. Nowadays, the role of provisional restorations also
consists of a proper evaluation of the function, the
aesthetics, and the phonetics. Interim fixed dental
prostheses must have colour stability and resistance in order
to be maintained for a longer period of time [1].
In the last decade, an increasing number of computerassisted design and computer-assisted manufacturing
(CAD/CAM) systems are utilized for the manufacturing of
single crowns, as well as of fixed dental prostheses in the
dental practice [2-4].
CAD/CAM systems are composed of three major parts:
(i) a data acquisition unit or scanner, which collects the
data from the region of the prepared teeth and neighbouring
structures and then converts them to virtual impressions;
(ii) the design software for designing virtual restorations
and setting-up all the milling parameters; (iii) the
processing device or a computerized milling machine to
manufacture the restoration from solid blocks of the chosen
restorative material [4].
The fit and the resistance are considered as criteria for
the long-term success of CAD/CAM restorations. An
example of a material capable to perform CAD/CAM interim
restorative is Telio CAD (Ivoclar Vivadent AG). This
composite resin is a cross-linked Polymethyl methacrylate
(PMMA) block, but unlike conventional PMMA materials,
has more homogeneity and strength [5]. It has certain
interesting properties: it does not undergo polymerization
shrinkage; it does not have an inhibitor layer; it is
polymerized under standardized parameters at high
temperature and pressure in order to ensure a constant

quality before milling; it can be used for fabricating interim
crowns and partial fixed dental prostheses [6-7].
The purpose of this study is to compare the flexural
strength of three-unit interim fixed dental prostheses
manufactured with a conventional technique and with a
CAD/CAM technology.
Experimental part
Material and methods
Using a standard typodont, the lower second premolar
was removed in order to simulate a class III Kennedy
edentulous space, and the first molar and premolar were
prepared with a supra-gingival finish line (fig. 1). Next,
provisional restorations were manufactured using the two
considered techniques, with the conventional/classical
indirect technique (in the dental laboratory), and using the
digital technique with chair side CAD/CAM technology.
Fig. 1. The abutment preparation
on the typodont.

For the classical technique, five conventional
impressions were taken using polyvinyl siloxane in two
consistencies and then pouring them in dental stone. On
the stone models, 5 provisional fixed dental prostheses
were fabricated in the dental laboratory using acrylic resin
(PMMA) (fig. 2).
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Fig. 2. Provisional
fixed dental
prostheses made
in the dental
laboratory
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For the CAD/CAM technique, a digital impression was
taken using an intraoral scanner PlanScan (Planmeca OY,
Helsinki, Finland) and the digital model was obtained - Fig.
3(a). In order to obtain identical provisional restorations, a
pre-op digital impression was taken with the indirect
provisional restorations in place, onto the typodont. After
easily performing the design with the software Plan CAD,
it was exported to the milling machine. The material used
for the CAD/CAD provisional fixed dental prostheses was
Telio CAD, a PMMA block for milling (fig. 3(b)). Five blocks
were milled, obtaining five CAD/CAM provisional
restorations.

Table 1
FRACTURE FORCE AND MAXIMUM DEFORMATION FOR EACH
SAMPLE

Fig. 3. (a) Digital
model obtained after
the digital
impression; (b)
Telio CAD block in
the milling machine

Next the provisional restorations were tested for flexural
strength and fracture load, using an universal testing
machine Zwick Proline Z 005 (Kennesaw, GA, USA), i.e. a
pressure was applied on the occlusal surface until failure.
The applied load was concentrated in the middle of the
provisional and with a loading speed of 1 mm/min at room
temperature (fig. 4).
Fig. 4. Provisional
restorations under
load applied with a
hydraulic press

Results and discussions
All values were analyzed using a statistic software,
MedCalc (MedCalc Software, Ostend, Belgium). The
Kolmogorov-Smirnov test was used to assess data
distribution, while statistical differences between test
groups were analyzed using the t test. The values for each
provisional restoration are presented in table 1.
For the conventional provisional restorations the
maximum force applied was 152.6 N, with a sample
deformation of 0.59 mm (fig. 5(a)). Regarding the CAD/
CAM restorations, force values were considerably higher,
with a maximum load of 915 N (fig. 5(b)).
Statistically significant differences appear among the
test groups, with a p value of 0.0018 (p < 0.05).
The overall mean force values showed that the CAD/
CAM provisional restorations had the highest load
resistance with a mean value of 728.88 N, while the
conventional provisional restorations had a mean value of
121.16 N.
All conventional provisional restorations had the same
fracture location, at the interface between the second
premolar and the first molar, in the pontic region. The
fracture location for the CAD/CAM provisional restorations
was in the middle of the second premolar.
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Fig. 5. (a) Flexural strength of provisional restorations fabricated
with traditional dental laboratory; (b) chair-side CAD/CAM
technique
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Fig. 6. Fracture pattern of CAD/CAM
provisional restorations at higher
load

Provisional restorations are still the focus point of many
in vitro tests, as well as in vivo cases. As new materials
appear, the premises for long lasting interim restorations
which allow for more predictable treatments increase as
well.
A number of studies showed the superior mechanical
properties of CAD/CAM manufactured provisional
restorations compared to their laboratory counterpart.
Edelhoff et al. evaluated the fracture strength of three unit
CAD/CAM provisional restorations, compared to traditional
provisional restorations. The results of the study showed
increased mechanical properties for the CAD/CAM group
[6]. Another study (Balkenhol et al.) investigated differences
between interim restorations fabricated with CAD/CAM
versus the direct technique (manufactured in the dental
office), and concluded that CAD/CAM provisional
restorations had much higher fracture resistance [7].
Rayyan compared PMMA CAD/CAM provisional
restorations with laborator y manufactured from
thermoplastic resins provisional restorations. The results
showed less water, less wear, higher surface strength, and
higher fracture point for the CAD/CAM restorations [8].
Stawarczyk et al, investigated the fracture resistance of
three unit provisional restorations in three scenarios:
immediately after fabrication, submerged in artificial saliva
and after simulated masticatory forces. The results of their
study showed that none of the factors tested influenced
the fracture strength of CAD/CAM provisional restorations
[9].
CAD CAM applications in digital aligners and the
biocompatibility of orthodontic materials have been
previously studied in [12- 14].
A study that compared the flexural strength of provisional
restorations with and without glass fibre reinforcement
demonstrated that the reinforcement with glass fibre
between the abutments gave the higher flexural strength
of the provisional restorations [10]. Another study revealed
that no differences were found between the fracture
strengths of interim fixed dental prostheses manufactured
with a CAD/CAM system and those reinforced with glass
fibre [11].
The present study compared the flexural strength and
fracture load of two different types of provisional
restorations, manufactured with traditional and digital
technology from the same class of materials. The results
of this study showed a significant statistical difference
between PMMA provisional restorations fabricated with
CAD/CAM technique when compared to the dental
laboratory traditional technique. Another difference
between the two groups was related to the fracture
location: the laboratory provisional restorations were
fractured between the second premolar and the first molar,
while the CAD/CAM provisional restorations were fractured
on the middle of the second premolar.

Conclusions
With the limitations of this study (small sample size
and absence of simulated forces), one may conclude that
CAD/CAM provisional restorations present a higher fracture
load, as well as a higher flexural strength than the
conventional manufactured counterparts.
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