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Abstract

:

The reinforcement of acrylic denture base remains problematic. Acrylic prosthesis fractures are commonly observed in prosthodontic practice and have not been reliably resolved. This study compared the resistance to masticatory force of acrylic bases of removable complete conventional prosthesis in 3D upper models. Forty acrylic base test specimens containing two types of reinforcement meshes (20 with glass fiber meshes (FIBER-FORCE®- Synca, Bio Composants MédicauxTM, Tullins, France), 20 with metal meshes (DENTAURUM®-Ispringen, Germany)), 20 with a conventional PMMA acrylic base (LUCITONE 199®-Dentsply Sirona, York, PA, USA), and 20 using a permanent soft reline material (MOLLOPLAST-B®-DETAX GmbH & Co. KG, Ettlingen, Germany) were tested—a total of 80 specimens. Half of the specimens were made for a low alveolar ridge and half for a high alveolar ridge. The data were analysed using one-way analysis of variance and Student’s t-test for independent test specimens. In the high-alveolar-ridge group, the prosthesis reinforced with the glass fiber mesh was the most resistant to fracture, while in the low-alveolar-ridge group, the non-reinforced prosthesis showed the highest resistance masticatory force. Prostheses with the permanent soft reline material showed the lowest resistance to fracture in both high and low-alveolar-ridge groups. The results show that the selection of the right reinforcement material for each clinical case, based on the height of the alveolar ridge, may help to prevent prosthesis fractures.
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1. Introduction


Acrylic resin fracture is still an unresolved problem in removable prosthodontics, despite the well-known causes of fracture. Modifications of acrylic resins to improve specific properties include plasticisation, co-polymerisation/cross-linking, and reinforcement. Many studies have investigated the effects of cross-linking agents on the mechanical properties of acrylic resins [1]. Several studies produced high-impact resins containing a low-molecular-weight butadiene-styrene-b co-polymer; however, the exact nature of this inclusion is considered the manufacturer’s trade secret and requires extensive chemical engineering research [1,2,3,4].



The most common method of strengthening polymeric denture bases is by adding reinforcements such as metal wires or plates to the denture base polymer. However, metal reinforcing materials form weak bonds with the resin matrix and also have poor aesthetic properties. To reinforce polymethyl methacrylate (PMMA) bases, various fiber reinforcements, such as carbon and glass fibres, plyometric polyamide, and ultra-high-molecular-weight polyethylene have been studied. Glass fibres are aesthetically stable and promote and improve the flexural strength of denture base resins, so they are most commonly used. Glass fibres also have high tensile strength when subjected to the oral environment [5,6,7,8].



The reinforcement of denture base resins remains problematic, so different materials have been tested for reinforcement, such as nanoparticles and composites [6], viscose fibres [9], mica [10], juta [8] and even vegetable fibers [11].



Fitting accuracy is an important factor for denture retention. The denture base is largely responsible for providing the prosthesis with retention, stability, and support when closely adjusted to the oral mucosa. However, bone resorption is irreversible and may lead to inadequate fitting of the prosthesis. Relining is the procedure used to resurface the tissue side of the denture with a new base material to promote accurate adjustment to the denture area [10]. Acrylic relined base prostheses play an important role when applied to edematous gengival tissue that needs to be treated with innovative therapies such as diode laser treatment [12]. Relining a denture with a resilient material guarantees better distribution of the functional load on the patient’s oral mucosa and edentulous alveolar ridge. However, current products are not suited for long-term use due to various limitations such as water absorption, premature ageing, unpleasant odours, colour changes, promotion of fungi proliferation, and reduced linkage to PMMA. The resilient materials topic is currently of great interest due to the possibility of quick adjustments to the alveolar ridge. Molloplast-B® is mostly used to reline dentures [10,13]. The retention of prothesis allows good distribution of occlusal contacts and prevents temporomandibular disorders [14].



This study compared the reinforcing of metal and glass fiber mesh to a permanent soft reline material, and to a simple conventional PMMA using two different alveolar ridge heights in 3D models with replica gengival mucosa, by applying a masticatory force to the samples in a TIRA test-2705 Universal Machine®. This was to replicate the individual clinical aspects of the healthy palate of an upper edentulous patient with all-natural lower teeth. For this study, perfect occlusion was considered. Despite all the studies available in the literature comparing the reinforced resin bases, there is no evidence of a comparison of such materials with a permanent soft reline material, given that reline is a natural future procedure to readapt and increase the lifespan of a denture.




2. Materials and Methods


Lucitone 199® with the natural colour 688,106 (Dentsply Sirona, York, PA, USA) was used to prepare the PMMA denture base. A pre-impregnated mesh FiBER FORCE® (Synca, Bio Composants MédicauxTM, Tullins, France) was used for the complete prostheses for glass fiber reinforcement, a stainless metal mesh from Dentaurum® (Ispringen, Germany) was used for metal reinforcement, while Molloplast-B® (DETAX GmbH & Co. KG, Ettlingen, Germany) was used as a permanent soft reline material (Table 1). All materials were prepared in accordance with conventional fabrication indications.



First, an initial upper complete edentulous model with a high alveolar ridge was selected, and then a model with a low alveolar ridge, with a 6 mm reduction, was reproduced from the initial model using the computer-assisted design software CAD-3D Buildstation® (Version 5.5, 2017, Viper SLA 5000 System 3D, Darmstadt, Germany). This second model was identical to the first, except for the alveolar ridge height. These two master models were used to construct two other models for mechanical tests. Thus, there were four titanium models in total: two to create acrylic base test specimens (one with a high and one with a low alveolar ridge) and two for mechanical tests (reduced gingival models: one with a high and one with a low alveolar ridge). Figure 1 illustrates the computerised designs of the four titanium (Ti6A14V) models, all of which were reproduced using CAD-3D® (Figure 1).



Figure 2 and Figure 3 depict the initial master model and the reduced gingival model for mechanical tests, respectively, both with the high alveolar ridge. Figure 4 depicts the reduced gingival high-alveolar-ridge model for mechanical tests (with a gingival mucosa replica). The two models for mechanical tests had three small circular notches each to fit the gingival mucosa replica. Each model was reproduced using CAD-3D®, with the natural proportion representing the healthy gingival mucosa, built using silicone shore A-30 (Dragon Skin® Smooth-On, Inc., Macungie, PA, USA). The gingival mucosa replica was reproduced with the same variability as that observed in the oral cavity: 1.5 mm at the top of the alveolar ridge, 0.5 mm at the palate, and 1 mm at the remaining locations.



Eighty acrylic base test specimens were built with a cobalt–chromium spacer (cobalt–chromium dental alloy, Co-Cr) using conventional techniques according to the manufacturer’s recommendations for each reinforcement or rebase material (Figure 5).



Table 2 provides the test specimen distributions in the two study groups—the high-alveolar-ridge group and low-alveolar-ridge group (n = 40 each).



Figure 6A–D illustrate complete upper prostheses with each type of reinforcement as well as the permanent soft reline material. The 80 acrylic base test specimens containing the two types of reinforcement meshes (20 with glass fibres, 20 with metal meshes, 20 of conventional PMMA acrylic base, and 20 using the permanent soft reline material and conventional acrylic Lucitone 199®) were tested. Half of the samples were built for a low alveolar ridge and half for a high alveolar ridge.



All 80 specimens were placed in a distilled water ageing bath at 37 °C for two months and then subjected to mechanical tests using a TIRA test 2705® universal testing machine (DIN EN ISO/IEC 17025:2005; TIRA GmbH, Schalkau, Germany). The masticatory force of each specimen was evaluated by loading a compressive force until failure using a special indenter comprising two spherical steel beads (6 mm diameter) applied to the internal front zone of the alveolar ridge (Figure 7).



A specimen was considered to fail when the applied compressive load dropped suddenly by 25% or more of the maximum test load, corresponding to the beginning of the appearance of cracks.



The data were analysed using IBM SPSS® 22.0 version, Statistics statistical software (IBM Corp., Armonk, NY, USA) using one-way analysis of variance (ANOVA) and Student’s t-test for independent test specimens.




3. Results


Table 3 provides the average values and standard deviations of the maximum masticatory forces of each type of denture base of removable, complete conventional prostheses for the low- and high-alveolar-ridge groups.



In the high-alveolar-ridge group, the prosthesis reinforced with the glass fiber mesh had the highest masticatory strength (4999.07 ± 0.48 N). In contrast, prosthesis reinforced with the stainless-steel mesh had approximately 26% lower (3711.57 ± 2227.96 N), the conventional acrylic prosthesis without any reinforcement had approximately 44% lower (2798.26 ± 2055.13 N), and the prosthesis with the permanent soft reline had more than 53% lower (2372.30 ± 2273.92 N) maximum masticatory force (the lowest masticatory strength in this group) (Figure 8). However, one-way ANOVA indicated that the masticatory force differences were not statistically significant (p = 0.394).



In the low-alveolar-ridge group, the prosthesis made of conventional acrylic without any reinforcement had the highest masticatory strength (3241.80 ± 1661.34 N). In contrast, the prosthesis reinforced with the glass fiber mesh had approximately 18% lower (2655.67 ± 1127.52 N), the prosthesis reinforced with the stainless-steel mesh had 25% lower (2480.13 ± 148.08 N), and the prosthesis with the permanent soft reline had 69% lower (997.93 ± 157.59 N) maximum masticatory strength. However, one-way ANOVA indicated that the masticatory force differences were not statistically significant (p = 0.118).



A comparison of the masticatory strength in the two groups showed that for each type of material, there was no statistically significant difference in the average maximum masticatory strength required for complete fracture of the upper prosthesis (p > 0.05). However, it is essential to consider the registered differences. Thus, in general, the results indicate that the materials used were weaker in the low-alveolar-ridge group than in the high-alveolar-ridge group. The average differences between prostheses for the high and low alveolar-ridge groups were 1231.44 N for the stainless-steel mesh, 1374.37 N for the permanent soft reline material, and 2343.40 N for the glass fiber mesh (i.e., 33, 58, and 47% reduction in masticatory strength in the low-alveolar-ridge group, respectively). In contrast, the conventional acrylic prostheses showed the reverse trend, in that the average difference between the low- and high-alveolar-ridge groups was 443.51 N (i.e., a 14% increase in masticatory strength in the low-alveolar-ridge model). The 95% confidence intervals for each type of material and the two alveolar ridge heights showed that the prosthesis reinforced with the glass fibre mesh gave the best, more homogeneous results, while the prosthesis with the reline material in the high-alveolar-ridge group gave the worst, widely variable results.



All specimens exhibited masticatory force resistance to fracture greater than 900 N and reproduced the individual clinical aspects of the healthy palate of an upper edentulous patient. All test specimens were made with a cobalt–chromium spacer to ensure that they remained similar.




4. Discussion


The 80 acrylic base test specimens were immersed in distilled water at 37 °C for two months to simulate artificial ageing, despite some reports that one month is sufficient to cause the diffusion of water and the softening of PMMA. The important effect of water on flexural strength occurs during the first four weeks of immersion, which reduces the flexural strength [15,16].



Cattoni et al. [17] reported that the digital method allows for great accuracy. A fully digital workflow is considered more reliable when it comes to creating an aesthetic mock-up; the digital procedure has been shown to be more accurate than the one made manually, which is much more operator-dependent and brings an increase to the chance of error, which could ultimately affect the final result. In this study, each model was designed and reproduced using digital CAD-3D® to assure an excellent copy of the first model despite alveolar ridge length.



An adult with complete dentition can exert 300 to 700 N of masticatory force. The strength required for a prosthesis fracture is approximately 706 N, whereas that for a reinforced prosthesis fracture is approximately 903 N [18]. In this study, the average maximum masticatory force had a minimum limit of 998 N under the low-alveolar-ridge condition, while it had a maximum limit of 4999 N for the prosthesis reinforced with the glass fiber mesh under the high-alveolar-ridge condition. Among the Lucitone 199®-based samples, the lowest masticatory force (2798 N) was found under the high-alveolar-ridge condition and the highest (3242 N) under the low-alveolar-ridge condition.



Major tension or stress occurs in the alveolar crest and posterior zone such that the stress is distributed to the palate and the labial edge [19]. Ciancaglini et al. [14] analysed 25 university students with or without temporomandibular disorders and observed significantly more occlusal contacts located in the posterior than anterior area and the predominance of occlusal contacts was observed in the first molar by about 29% of patients. The good distribution of occlusal contacts avoids temporomandibular disorders. In the present study, a compression load was applied in the middle of the alveolar ridge (posterior zone left and right simultaneously) such that the height of the ridge affected the resistance of the prosthesis and to assure good distributions of occlusal contacts. Among the Lucitone 199®-based samples, the most resistant prosthesis was in the low-alveolar-ridge group, supporting a compression load of 3242 N; in the high-alveolar-ridge group, the prosthesis supported a compression load of 2798 N.



Many reinforced prostheses fracture due to poor adhesion between the resin base and the reinforcement material, regardless of the base and the reinforcement material used [7,20,21]. In this study, the prostheses supported a compression load of 2900 N and the reinforcement continued to support the prostheses against fracture.



Metal reinforcements have been used for many years to improve the resistance of dental prostheses, despite their aesthetic problems [22,23] and the poor adhesion of acrylic resin to metal [8]. Many studies have confirmed enhancements in the base resistance of prostheses due to the addition of metal and have studied the best method of improving the strength of metal–resin base adhesion. These methods include silanisation, sandblasting, silane addition, and linking agents; however, the ideal adhesion method has not yet been identified [24]. In the high-alveolar-ridge group, the prosthesis reinforced with the glass fiber mesh had the highest resistance to fracture when the masticatory force was applied (4999.07 ± 0.48 N); this can be explained by the good adhesion of the glass fiber mesh to the acrylic base, when compared to the other reinforcement materials.



Some studies have reported the best position and orientation for metal reinforcement [22,25,26]. In the present study, the orientation of the metal mesh was not assessed, and no adhesion was applied to the resin base. The meshes used occupied all the palate and do not have any specific orientation. They were inserted using the fabricant instructions. Notably, the masticatory forces applied on the prostheses reinforced by the stainless-steel mesh was 2480 and 3172 N under both low- and high-alveolar-ridge conditions, respectively. Similar to the findings of Balch et al. [23], the present study confirmed that the use of a metal mesh alone increases the resistance of acrylic prostheses.



Many types of fibers have been used to reinforce PMMA resin prostheses because fibres have better aesthetics [27,28]; Takahashi et al. [16]; Yu et al. [7], and many studies support the planning of the orientation, position, volume, stress, and degree of resin impregnation in the construction of a prosthesis reinforced with fiber; more importantly, these factors can influence the resistance of the resin base [2,29]. In any of these studies, the expected reinforcement is real, but no one has reached such a wide scale of masticatory forces, nor have they been used in 3D models, especially accompanied by the use of the replica of gengival mucosa.



In the present study, glass fiber was impregnated with resin to promote adhesion. In addition, because we used a glass fiber mesh, the problems associated with the position, volume, length, and orientation of the glass fibers were eliminated. The test specimens were similar in size and volume due to the use of a cobalt–chromium spacer during construction. Therefore, the reinforced prosthesis included less resin in the acrylic base because of the areas occupied by the reinforcing material. Similar to prostheses reinforced with a metal mesh, in addition to enduring a masticatory strength of 2656 N under the low-alveolar-ridge condition and 4999 N under the high-alveolar-ridge condition, glass fibers also held the fractured prosthesis together.



According to many authors, the simple use of glass fibers increases the masticatory force of PMMA resin bases [5,9,30,31,32,33,34,35]. In this study, the prosthesis reinforced with a glass fiber mesh showed the highest masticatory force under the high-alveolar-ridge condition (4999 N).



Denture reline materials have been used in dentistry for more than a century, and these materials continue to play an important role in modern prosthodontics. Soft reline materials are for temporary use, and hard ones are for posterior adaptations of the alveolar ridges. Many reline materials have been used with varying levels of success; however, they have some limitations, including volumetric changes, abrasion, colour instability, water absorption, and solubility, in addition to problems of denture weakening. The relining of a complete prosthesis achieves the best distribution of the functional load on the patient’s oral mucosa and edentulous alveolar ridge. Reline materials allow the restoration of oral conditions that improve prosthesis retention. Reline materials function as shock absorbers between the alveolar ridge and the prosthesis [36]. Despite these advantages of reline materials, they are not widely used, because they have limited usage duration as they lose resilience and linkage to the prosthesis, absorb odours, permit fungi proliferation, and increase prosthesis weakness [13]. In this study, test specimens with permanent soft reline materials showed the lowest masticatory resistance under both high- and low-alveolar-ridge conditions.



Some studies have reported that the reline material Molloplast-B® has good linkage with acrylic prostheses, and the results of the present study support this conclusion [36,37].




5. Conclusions


The prosthesis resistance to masticatory forces varies depending on the alveolar ridge height. In addition, the masticatory resistance is not always greater when the denture is reinforced with a mesh. Furthermore, the addition of a permanent soft reline material results in the lowest masticatory resistance under both low- and high-alveolar-ridge conditions.



Stainless steel and glass fiber mesh induced similar trends of masticatory strength in the low-alveolar-ridge prosthesis. Glass fiber mesh has a high value as a reinforcement material due to its excellent masticatory strength performance. Among the reinforcement materials tested, with the exception of conventional acrylic, lower masticatory strength was observed more in the low-alveolar-ridge than in the high-alveolar. The addition of a permanent soft reline material to PMMA decreased the resistance to masticatory strength. Furthermore, the tested meshes held the prostheses together after fracture.



The results show that selection of the right reinforcement material for each clinical case based on the height of the alveolar ridge may help to prevent prosthesis fracture.
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Figure 1. Computerised design of the four models reproduced using CAD-3D. 
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Figure 2. Titanium high-alveolar-ridge master model for sample construction. 
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Figure 3. Titanium reduced gingival, high-alveolar-ridge model for mechanical tests. 
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Figure 4. Reduced gingival, high alveolar ridge model with a healthy gingival mucosa replica made using silicone shore A-30. 
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Figure 5. Cobalt–chromium spacer. 
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Figure 6. (A) Conventional acrylic base. (B) Conventional acrylic base with a metal reinforcement mesh. (C) Conventional acrylic base with a glass fiber mesh. (D) Conventional acrylic base with a permanent soft reline material. 
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Figure 7. Model with a higher alveolar ridge placed on the test machine (TIRA test 2705®) with a special indenter comprising two spherical steel beads. 






Figure 7. Model with a higher alveolar ridge placed on the test machine (TIRA test 2705®) with a special indenter comprising two spherical steel beads.



[image: Materials 14 03308 g007]







[image: Materials 14 03308 g008 550] 





Figure 8. Average values of the maximum masticatory strength of each type of material in the two groups. 
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Table 1. Trademarks of the selected materials.
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	Material
	Trademark
	Lot
	Characteristics





	PMMA
	Lucitone 199® by Dentsply Sirona
	110,517; York, PA, USA
	Terminal acrylic Conventional



	Glass fibre mesh
	FiBER FORCE® by Synca
	13,176; Bio Composants MédicauxTM, Tullins, France
	Pre-impregnated



	Metal inox mesh
	Dentaurum®
	440,990; Ispringen, Germany
	-



	Reline material
	Molloplast B®
	160,526; Ettlingen, Germany
	Permanent soft reline
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Table 2. Test specimen distribution and groups of materials.
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	Material
	High Alveolar Ridge
	Low Alveolar Ridge





	Lucitone 199®
	10
	10



	FiBER FORCE®
	10
	10



	Metal mesh Dentaurum®
	10
	10



	Permanent soft reline Molloplast-B®
	10
	10



	
	n = 40
	n = 40
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Table 3. Average maximum masticatory strength of each type of material for low- and high-alveolar-ridge groups.
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Material

	
High Alveolar Ridge

	
Low Alveolar Ridge

	
p-Value †




	
Mean (N)

	
SD

	
Mean (N)

	
SD

	
Difference * (N)






	
Lucitone 199®

	
2798.28

	
2055.13

	
3241.80

	
1661.34

	
−443.51

	
0.786




	
Metal mesh Dentaurum®

	
3711.57

	
2227.96

	
2480.13

	
148.08

	
1231.44

	
0.440




	
Glass fibre mesh FiBER FORCE®

	
4999.07

	
0.48

	
2655.67

	
1127.52

	
2343.40

	
0.069




	
Permanent soft reline Molloplast-B®

	
2372.30

	
2273.92

	
997.93

	
157.59

	
1374.37

	
0.405




	
p-Value ‡

	
0.394

	
-

	
0.118

	
-

	
-

	
-








* Difference between means: high alveolar ridge vs. low alveolar ridge. † Student’s t-test for two independent samples. ‡ One-way analysis of variance. SD: standard deviation.
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