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The aim of our study was to evaluate fracture resistance of the PMMA complete dentures and to make a comparison between
the classic acrylic maxillary complete dentures and the metal-reinforced ones, in terms of fracture resistance during
function and to compatre the fracture pattern of the two groups of complete dentures. We used maxillary complete dentures
made of heat-processed acrylate, 5 exclusively and 5 in which a metal-cast net in the form of a mesh was inserted after
being casted, worn by patients for a period of 5 years. A bilateral progressive force was applied to the PM2-M1 area until
the samples failed, recording the force value at which the first change occurred. A Universal Loading Machine was used.
The results were analyzed using the ANOVA method. For the classic acrylic complete dentures group, the minimum fracture
force value was 1060 N, the maximum fracture force value being 2443 N. For the reinforced complete dentures group, the
minimum fracture force value was 3320 N, the maximum value being 3760 N. Statistical analysis of data using the ANOVA
shows that the results are statistically relevant, with a p value of 0.000137 (p<0,05). All the dentures from the classic acrylic
complete dentures group fractured presenting two or more fracture lines, most of them involving also fractures on the
acrylic teeth and breaking into multiple pieces, while all the dentures from the reinforced complete dentures group fractured
presenting one or two fracture lines, most of them without detachable fragments and involving also fractures on the acrylic
teeth.
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Despite the advances in dental medicine and the widespread use of dental implants, the prosthetic rehabilitation of the
complete edentulous patients frequently implies conventional acrylic dentures [1]. In order to satisfy the requirements of
such prosthetic treatment, the materials from which the dentures are made must be biocompatible, inexpensive, aesthetic,
easy to repair and sanitized and resistant to the action of the forces exerted during function [2,3]. Polymethyl methacrylate
is the most commonly used material for manufacturing of denture bases and artificial teeth [4]. There are several types of
acrylic resins with different processing methods, one of which is to use the thermal energy that activates benzoyl peroxide
in the resin composition, initiating the polymerization process. Denture's fracture is one of the most frequent accident.
Studies conducted on its causes and incidence show that maxillary dentures are more exposed to fracture compared to
mandibular ones, as a result of impact forces or flexural fatigue [5-8]. Because the fracture strength of PMMA is not always
satisfactory, practitioners attempted to improve the physical qualities of this material by incorporating different types of
fibers such as nylon, polyethylene, polyamide, glass fiber, ceramic fiber, or by reinforcing the acrylic base, inserting cast or
bent solid metal nets as strengtheners, trying to increase flexural and impact strength as well as the fatigue resistance of the
resin [9-12]. The aim of our study was to evaluate fracture resistance of the PMMA complete dentures and to make a
comparison between the classic acrylic maxillary complete dentures and the metal-reinforced ones, in terms of fracture
resistance during function and to compare the fracture pattern of the two groups of complete dentures.
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Experimental part

The study was carried out on a number of 10 upper complete acrylic dentures, with bases and artificial teeth made of
thermoplastic PMMA, of which 5 had bases made exclusively of heat-processed acrylate and 5 were made of heat-processed
acrylate in which a metal-cast net in the form of a mesh was inserted after being casted; all the artificial teeth used were
acrylic prefabricated units. To ensure similarity to oral conditions, we used two methods; first, simulating mucosal resilience
with a putty condensation silicone that exhibits elasticity after setting, and using complete dentures worn by patients for a
period of 5 years. Samples were subjected to a bilateral progressive force applied to the PM2-M1 area. The flexural load
was applied until the samples failed, recording the force value at which the first change occurred. A Universal Loading
Machine (Lloyd Instruments) was used, with a maximum force of 5kN and a crosshead speed of 1.0 mm/min (Figure 1).
NEXYGEN Data Analysis Software was used to record the results. A representative fractured specimen is shown in Figure
2. The graphics show the dependency between load and extension for each sample, recording the force value at which the
fracture occurred. At the same time, the area of minimal denture resistance was highlighted for each sample. The results
were statistically analyzed using the ANOVA method.

Fig. 1. The universal Loading Machine
(Lloyd Instruments)

Fig. 2. Fractured specimen from the classical
acrylic complete dentures group
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Fig. 3. The minimum fracture force value for the classic acrylic
complete dentures group

Results and discussions

For the classic acrylic complete dentures group, the minimum fracture force value was 1060 N, the maximum fracture
force value being 2443 N, with an average of 1722.4 N plus/minus 572,98 N (the standard deviation). Fracture force values
for the classic complete dentures is shown in Table 1. The graph with the minimum fracture force values is shown in Figure

3 and the maximum in Figure 4.
Table 1
FRACTURE FORCE VALUES FOR THE CLASSIC COMPLETE DENTURES

1 2 3 4 3
1060 1235 N 1824 N 2050 N 2443 N
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Fig. 4. The maximum fracture force value for the classic
acrylic complete dentures group

Table 2
FRACTURE FORCE VALUES FOR THE REINFORCED COMPLETE DENTURES

1 2 3 4 3
3320N 3405 N 620N 3600 N 3760 N
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Fig. 5. The minimum fracture force value for the reinforced
complete dentures group

For the reinforced complete dentures group, the minimum fracture force value was 3320 N, the maximum value being
3760 N, with an average of 3559 N plus/minus 188,49 N (the standard deviation). Fracture force values for the reinforced
complete dentures are shown in Table 2. The graph with the minimum fracture force value is shown in Figure 5 and the

maximum in Figure 6.
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Fig. 6. The maximum fracture force value for the reinforced
complete dentures group

Table 3
COMPARISON BETWEEN THE FRACTURE RESISTANCE OF THE TWO TYPES
OF ACRYLIC COMPLETE DENTURES

Classic complete dentures Eeinforced complete dentures
standard deviation 5720836821 188.4940317
mean 17224 3330
meadian 1824 3620
Table 4
ANOVA METHOD AND p VALUE
ANOWVA
Source of Variaifon oy df ME F Povalue Ferit
Between Groups 84327489 1 2432749 46.35412 0.000137 3.317633
Within Groups 14353612 ) 1819202
Total 02221101 9
The comparison between the fracture resistance of the two types of acrylic complete dentures is shown in Table 3.
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Statistical analysis of data using the ANOVA method shows that the results are statistically relevant, with a p value of
0.000137 (p<0,05) (Table 4.), in regards to the differences between fracture resistance among the two types of acrylic
complete dentures.

The dentures from the classic maxillary complete dentures group proved to be more susceptible to fracturing into
multiple pieces, involving both the base and the acrylic teeth in most cases, as shown in Figure 7 and Table 5, while those
pertaining to the reinforced maxillary complete dentures group were more resistant to fractures, as shown in Figure 8 and
Table 6.

Fig. 7. Classic acrylic maxillary denture
fractured into multiple pieces

Fig. 8. Metal reinforced acrylic maxillary denture fractured
mostly peripheral, outside the metal mesh zone

Table 5
THE FRACTURES IN THE CLASSIC COMPLETE DENTURES GROUP
Claszic complete dentures group | 1 2 3 4 5
MNumber of frachure lines 3 2 4 3 3
Number of fragments 4 3 5 4 4
Fracture of acrylic teeth ves | mo ves ves | mo
Table 6
THE FRACTURES IN THE REINFORCED COMPLETE DENTURES GROUP
Eemnforced complete dentires 1 2 3 |4 5
group
Number of fracture lines in 1 1 2 1 2
denfure base
Number of fragments [1] 0 1 1] 1
Fracture of acrylic teeth ves ves | mo [ ves | ves
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All the dentures from the classic acrylic complete dentures group fractured along two or more fracture lines, most of
them involving also fractures on the acrylic teeth and breaking into multiple pieces, while all the dentures from the reinforced
complete dentures group fractured on one or two fracture lines, most of them without detachable fragments and involving
also fractures on the acrylic teeth. For both groups, at least one fracture line was paramedian.

Fracture of acrylic complete dentures is one of the most frequent accidents faced by complete edentulous patients. Most
bases of the complete dentures are made from acrylic resins which are not very strong and present brittle failure, cracking
immediately without much bending; they have relatively low impact resistance and strength. The acrylic resin can be heat-
processed, self-polymerizable or, more recently, we can obtain a CAD/CAM resin denture base. By comparing the fracture
resistance of the three types of resins, a study conducted in 2018 by Steinmass et al. concludes that, even if it is the most
modern choice, the CAD/CAM denture base resin does not provide higher fracture resistance for the complete dentures
compared to the other types of acrylic resins, and the heat-processed ones are superior in this respect to the self-
polymerizable [13]. Based on his results, we chose for our study only maxillary complete dentures with bases made of heat-
processed acrylate.

On the other hand, a study conducted by Bhattacharya et al., in 2014 shows that out of 649 complete dentures made of
heat-processed acrylate and applied over a period of 18 months, 81 (12.33%) were fractured [14]. This rather high
percentage raises the problem of heat-PMMA resistance, used in fabrication of these complete dentures. The durability of
complete dentures made from heat-processed acrylate was the subject of a study conducted in 2010 by Bortun et al. The
results showed that this material guarantees a 5-year durability of total dentures [15]. Starting from this result, in our study
we tested the fracture resistance of the complete maxillary dentures made from heat-processed acrylic resin that were worn
by patients for a period of five years.

One of the factors that influences complete denture’s fracture is the masticatory force. The masticatory force’s value is
extremely variable, studies showing intervals between 780 and 1180 N in complete dentulous healthy individuals [16]. The
maximum masticatory force’s value recorded in complete edentulous patients wearing dentures has a significantly lower
value than that seen in dentulous patients. At the same time, studies show that the maximum force value in these patients
varies according to the moment of recording relative to the moment of complete denture’s application. Thus, even if this
force has low initial value, some studies show a considerable increase after a period of 6 months [17], while other after a
period of 7 weeks [18] from the application of the complete denture, as a result of patients’ adaptation to the prostheses
[18]. However, the value of the masticatory force remains lower than in dental subjects, by 20%-40% [17]. Okamoto, in
2012, finds an average value of 412.61N in complete denture patients [16]. Studies show that, from the point of view of
localization, maximal masticatory force is developed in the first molar area [17-18], and it is also considered that 80% of
the total masticatory force is distributed here. Taking into account the results of these researches, in our study the forces
were applied in the first molar area, one of the purposes being to determine if the acrylic resin from which the complete
denture is made can resist to the usual maximum forces exerted during mastication.

Inappropriate adaptation of the complete denture to the support tissues and its consecutive instability is the most common
cause of fracture, studies showing that over 40% of the total denture fractures are determined by it; other causes are: incorrect
occlusal relationships, accidentally droppings and polymerization defects resulting in porosities [19-21], the masticatory
force being on the last place [19]. In 2017, Shakir et al., conducted a study on 160 patients and found that lack of adaptation
of the denture to the support tissues is the second cause of fracture, after accidental droppings [22]. This finding is reinforced
by our study that shows that for complete acrylic dentures perfectly adapted to the supporting tissues the fracture force had
an average value of 1722.4N, well above the maximum value of the masticatory force reported by the studies even in
dentulous patients. In our experiment, the force was applied bilaterally, according to Navik's bilateral balanced occlusion
concept from 2009, as a way to reduce the probability of complete denture’s fracture [21].

Another way to increase complete denture resistance, recommended by various authors, is a metal mesh reinforcement
[20]. The metal used as reinforcing material increases the PMMA base resistance [23]. The study conducted by Murthi in
2015 reveals a significant increase in the impact resistance of the stainless-steel mesh reinforced acrylate compared to the
unreinforced acrylate [24]. The same result is also obtained by Im et al. in 2017. Furthermore, this study shows that metal
reinforcement of denture acrylate provides a superior fracture resistance to that obtained by reinforcement with other
materials such as fiberglass [25]. In 2017, Jadhav et al. recommended the reinforcement of heat-processed PMMA, used in
manufacturing of maxillary complete dentures in patients with high-arch palate, with laboratory casted stainless-steel mesh
in order to increase fracture resistance. The study shows that, although there are no significant differences, a dimension of
4x4mm metal mesh gives higher fracture resistance, compared to lower dimensions [26]. Also, our study reveals that by
reinforcing the heat-processed acrylate with casted metal mesh, the denture becomes more resistant to forces, the average
fracture force value being in this case 3559N, which is twice the value observed for the fracture of non-reinforced dentures.
In 2012, Takahashi et al. showed that the long-term water immersion of complete acrylic maxillary dentures does not
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significantly alter their flexural strength [27]. However, Galev, in 2017, demonstrates in his study that the heat-processed
acrylic material used for manufacturing of complete dentures suffers a decrease in flexural strength after 7 days of immersion
in water, both for the unreinforced acrylate and the reinforced one [28]. Although in our study the complete dentures were
kept in the oral cavity environment for a long period of time (5 years), the heat-processed acrylic material from which they
have been made demonstrates a sufficiently high strength, the forces required for fracture greatly exceeding the forces
usually developed during mastication.

Previous studies showed that most frequent fracture area of the upper complete denture made of heat-processed PMMA
is the median line (59-60% of all fractures), followed by the incision area [19-20]. In order to prevent fractures, Naik
recommends to ensure a sufficient thickness of the acrylic base and in the incisal notch areas [21]. The study conducted by
Im et al., in 2017, showed that, most commonly, dentures that are reinforced with metal meshes present fractures of the
posterior edge, while the unreinforced dentures present multiple fracture lines, breaking into multiple pieces [25]; this
matches the results of our study concerning the classical acrylic complete dentures group, while in the reinforced complete
dentures group the fractures were located in the whole periphery of the base and the acrylic teeth.

Conclusions

Within the limits of our study, we can conclude that heat-processed acrylate ensures a good resistance to fracture for
maxillary complete dentures, even after a 5-years period of use, time frame during which its qualities are influenced by
specific factors from the oral environment and also by accumulated functional stresses. The resulted necessary forces
needed to fracture the heat-processed acrylic base of the maxillary complete dentures proved to be much higher than
masticatory forces registered in a dentulous healthy patient. Reinforcement of these denture bases with laboratory metal-
casted nets greatly increases their fracture resistance. Therefore, it is improbable that these bases fracture because of the
low resistance of the acrylic material to the masticatory forces exerted during function, even in fatigue conditions created
by the relative long periods of use (5 years); other factors are more likely to be the cause. In the case of maxillary classic
complete dentures group with bases made from heat-processed acrylate, the fracture lines were more than two, the bases
broke into multiple pieces involving in most cases fractures on the acrylic teeth. In the case of maxillary reinforced complete
dentures group with bases made from heat-processed acrylate reinforced with metal-cast net, the fracture lines were one or
two, the bases broke mostly without detachable pieces involving mostly the peripheral area and also involving in most cases
fractures on the acrylic teeth.
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