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Abstract. The aim of our study was to compare the fracture resistance of teeth presenting non-carious 

cervical lesions restored with different types of esthetic composite materials. 20 extracted unspoiled 

maxillary first molars were mechanically cleaned and immersed in saline solution containing 0.1% 

thymol at 4°C for a period of 48 hours. Cervical cavities with a cervical-occlusal diameter of 2 mm and 

a mesial-distal diameter of 3mm were filled with ormocer, flow nano-composite, nano-composite and 

compomer. Fracture resistance was tested with a universal loading machine (Lloyd Instruments), with 

a maximum force of 5 kN and a crosshead speed of 1.0 mm/min; the authors used NEXYGEN Data 

Analysis Software and ANOVA method. For the group A (commercial grade ormocer), the smallest load 

that determined the sample failure was 650 N and the highest load was 1050 N, the mean value being 

858 N ± 150.89 N. For the group B (commercial grade flow nano-composite), the smallest load is 530 

N, the highest load is 800 N, mean value being 654 N ± 112.6 N. For the group C (commercial grade 

nano-composite), the smallest load is 680 N, the highest load is 1200 N, mean value being 926 N ± 

209.35 N. For the group D (commercial grade compomer), the smallest load is 1100 N, highest load is 

1250N, mean value being 1180 N ± 62.04 N. A p value of 0.000311 (p<0.05) shows that there are 

significant differences between the four groups. Conclusions. The best fracture resistance of teeth 

presenting non-carious cervical lesions, restored with different types of esthetic composite materials is 

assured by the compomer, followed by the nano-composite, which proved to be superior to ormocer. The 

flow nano-composite gives the lowest fracture resistance. 
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1.Introduction 
Non-carious cervical lesions (NCCL), defined as loss of dental tissue in absence of bacterial 

aggression, have a multifactorial etiology, implying abrasion, abfraction and acid erosion, acting 

independently or associated [1,2]; other causes are considered controversial, some implying the stress 

transmitted in cervical area by occlusal loads, especially at patients with a history of bruxism, or 

behavioral factors such as too intense tooth brushing techniques, diet factors such as a low salivary pH 

by consuming acidic food (for example, citrus fruits) and drinks and also contributing factors such as 

periodontal disease [3-5]. Prevalence of NCCL is over 85%, gravity and spread increasing among older 

ages [6]. Besides esthetic consequences, advanced NCCL are causing dentin hypersensitivity and risk 

of tooth fracture [7]. Studies show that NCCL’s treatment is necessary only if they are wedge shaped 

and their dimensions exceeds 0.5 mm [8], consisting in identifying and eliminating the causes, followed 
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 by filling the cavity with restorative materials. The choice of the restorative material is influenced by 

the area that has to be restored, the patient’s age and the qualities of the material regarding long-term 

resistance, wearing resistance, fracture resistance, marginal leakage, conservation of tooth structure, 

occlusal stress resistance, esthetics and cost [9]. Patients’ increasing esthetic expectations determine an 

almost exclusively use of esthetic restorative materials and a continuous research for finding the best 

option. Choosing the most appropriate restorative material for a specific clinical situation is usually a 

challenge for the dentist. Also, restored NCCL have a great risk of failure because of the difficulties 

related to the isolation and lack of adhesion of the restorative material. This latter one has to present 

good polishing qualities in order to prevent plaque accumulation (at margins and on surfaces of the 

restoration) and secondary caries and also elasticity in order to resist flexural stresses [10]. Longevity of 

the restoration with a good abrasion resistance and fracture resistance can be achieved using nano-

composites that have a higher elasticity modulus than other restorative materials and a greater flexural, 

compressive and diametral tensile strengths [11,12]. Still, good results were also obtained using micro-

hybrid composites or flow composites that have a low elasticity modulus [2,13]. The type of restorative 

material used for filling the cavity influences the quality of the marginal adaptation and in consequence 

the risk of secondary caries and the longevity of the treatment. Studies showed that ormocers, all-

ceramic-based restorative materials with high viscosity (inorganic-organic hybrid polymer) present a 

low contraction after polymerization, similarly to the high viscosity composites, but ensure a better 

marginal adaptation than hybrid composites; still, the differences found are not statistically significant 

[14,15]. Both materials as compomers, through their qualities, associated with appropriates adhesive 

materials, demonstrated that can ensure the long-term success of the treatment [16]. Esthetic restorative 

materials for NCCL fillings have been compared from the perspective of the cervical stress resistance, 

marginal adaptation and longevity, but the influence of these cervical fillings on the tooth resistance to 

occlusal load was not evaluated. The aim of this paper is to determine if the choice of the restorative 

material for NCCL influences the fracture resistance of the tooth and to achieve a ranking of these 

materials from this perspective. Considering that the authors were only interested in the complete 

damage of the restored teeth, electronical or optical microscopic images and also the failure mechanisms 

are out of the scope of this research. 

 

2. Materials and methods 
20 extracted unspoiled maxillary first molars, having no cavities or fillings, were collected from the 

Clinic of Oral and Maxillo-Facial Surgery of the Faculty of Dentistry (UMF “Carol Davila” Bucharest) 

and from 7 private dental clinics from Bucharest. The teeth were mechanically cleaned in order to 

remove the remaining soft tissues after extraction and then immersed in saline solution containing 0.1% 

thymol at 4°C for a period of 48 hours. After that, on the vestibular surface of each tooth were prepared 

cervical cavities with a cervical-occlusal diameter of 2 mm and a mesial-distal diameter of 3 mm (Figure 

1.a). In this experiment the authors created all the cavities with the same size and form, so the amount 

of tissue that was excavated was similar. In order to obtain this similar shape and sizes, the authors used 

a digital caliper with an accuracy of 0.01 mm (Mitutoyo, Japan) and 20 identical ISO 101-012 diamond 

ball dental burs, with a diameter of 1.2 mm, a new one for each molar. After preparation, the cavities 

were cleaned and dried and the restorative material was applied in accordance with the manufacturer’s 

indications. The prepared teeth were divided in four classes (A, B, C, D) of 5 teeth each, one for each 

restorative material the authors used, as follows: A – commercial grade ormocer (organically modified 

ceramics), B – commercial grade flow nano-composite (nanoparticle reinforcement of fiber reinforced 

composites with flow properties), C – commercial grade nano-composite (nanoparticle reinforcement of 

fiber reinforced composites) and D – commercial grade compomer (polyacid modified composite resins 

having the chemical composition of composites and glassionomers) (Figure 1.b). For the experiment, 

the authors introduced the teeth roots in resin parallelepiped supports. The extracted molars were 

subjected to increasing loads; values were registered automatically by the machine, until the complete 

https://revmaterialeplastice.ro/


MATERIALE  PLASTICE                                                                                                                                                                
https://revmaterialeplastice.ro 

https://doi.org/10.37358/Mat.Plast.1964 

Mater. Plast., 57 (1), 2020, 299-305                                                                      301                             https://doi.org/10.37358/MP.20.1.5339                                                               
    
 

 

separation of the fragments occurred. In order to evaluate the fracture resistance of the teeth, the authors 

used a universal loading machine (Lloyd Instruments), with a maximum force of 5 kN and a crosshead 

speed of 1.0 mm/min; the results were recorded with NEXYGEN Data Analysis Software. A 

representative fractured specimen is shown in figure 1.c. The graphics show data regarding the fracture 

force values till fracture.  

 
Figure 1.a Cervical cavity on the vestibular surface of the molar; b. restorative  

materials used in the experiment; c. completely fractured  

specimen in the universal loading machine 

 

3.Results and discussions 
For the group A: the smallest load that determined the sample failure was 650 N and the highest load 

was 1050N, the mean value being 858 N ± 150.89 N (standard deviation).  

For the group B: the smallest load that determined the sample failure was 530 N and the highest load 

was 800 N, the mean value being 654 N ± 112.6 N (standard deviation).  

For the group C: the smallest load that determined the sample failure was 680 N and the highest load 

was 1200 N, the mean value being 926 N ± 209.35 N (standard deviation).  

For the group D: the smallest load that determined the sample failure was 1100 N and the highest 

load was 1250 N, the mean value being 1180 N ± 62.04 N (standard deviation).  

The diagram representing the minimum and the maximum values for each group is illustrated in 

figures 2 and 3. 

 

 
Figure 2. Load versus time for the tests giving the lowest value at fracture for 

the four groups 
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Figure 3.  Load versus time for the tests giving the highest  

value at fracture for the four groups 

 

The teeth from the group D presented the highest mean value whereas the Group B presented the 

lowest one. Regarding the fracture resistance of the maxillary first molars restored with esthetic 

materials, the highest resistance was obtained for molars with cavities restored with compomer, followed 

by nano-composite and ormocer and the lowest resistance was obtained for molars with cavities restored 

with flow nano-composite (figure 4). The results were analyzed using the ANOVA method to understand 

the relevance of the study. It was found that the results are statistically relevant, with a p value of 

0.000311 (p<0.05) (Table I), which means that there are significant differences between the four groups. 

 
Figure 4. Fracture resistance values of the maxillary first molars  

restored with four groups of esthetic materials 

 

Table 1. ANOVA: p-value 

Anova: Single Factor       

       

SUMMARY       

Groups Count Sum Average Variance   

A 5 4290 858 22770   

B 5 3270 654 12680   

C 5 4630 926 43830   
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D 5 5900 1180 3850   

       

       

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 706375 3 235458.3 11.32964 0.000311 3.238872 

Within Groups 332520 16 20782.5    

       

Total 1038895 19     
 

 

The influence of the restorative materials and techniques on fracture resistance of the teeth is 

analyzed in many studies in literature. In 2013, Bashir et al. showed that adhesive restorative materials 

are significantly increasing the fracture resistance for endodontically treated premolars [17]. In 2018, 

Biswas et al. showed that the presence of an occlusal cavity is significantly decreasing the fracture 

resistance of the mandibular molars, while the type of the material used for filling is influencing a lot 

this resistance; glassionomer proved to be the best, but compomers also ensured a higher resistance 

comparing to amalgam [18]. Eakle (1986), Dalpino (2002), Kikuti (2012) and Torabzadeh (2013) 

studied the influence of the different types of materials and techniques on the fracture resistance of the 

teeth presenting mesio-occlusal-distal cavities [19-22]. The influence of the endodontic post material on 

the fracture resistance of the tooth was also evaluated [23]. Still, despite the numerous clinical cases that 

have been studied, no other research on the influence of the restorative material on the fracture resistance 

for the teeth presenting non-carious cervical lesions (NCCL) was found by the authors. 

In accordance with the results of the research realized by Awet et al., showing that most non-carious 

cervical lesions appear on the posterior maxillary teeth, the first molar being one of the most affected, 

the present study used the first maxillary molar in order to determine the influence of the restorative 

material on the fracture resistance of the teeth having such lesions [24]. Similarly to Kikuti (2012), in 

this experiment the authors kept the extracted teeth in saline solution containing 0.1 % thymol, at 4°C 

[22]. In accordance with the study realized by Torabzadeh in 2013, the uniformity of the shape and form 

of the cavity dimensions was realized using a digital caliper with an accuracy of 0.01 mm (Mitutoyo, 

Japan) [21]. Similar with other authors, this research team selected a universal testing machine [19-23]. 

In this study, the authors applied only a vertical axial force on the tooth, similar with other papers having 

as aim the evaluation of the fracture resistance of the teeth [19]. 

In a study realized in 2017, Hegde et al. demonstrated that the use of composites in mesial-occlusal-

distal cavities increases the fracture resistance of the teeth [25]. For many studies available in the 

literature, the aim was to make easier the choice of a material that ensures a better reinforcement of the 

teeth, from the large variety of composites available for restorative procedures. Our study shows that, 

used in NCCL, nano-composites and hybrid composites demonstrated little differences regarding 

fracture resistance of the teeth. In 2018, Alzaika et al. stated that, when used in non-carious cervical 

lesions, both nano-composites and hybrid composites demonstrated similar performances, also with little 

differences regarding restoration failure [26]. Still, this experiment showed that, among the hybrid 

composites, the compomer ensures a better resistance of the teeth as compared to the nano-composite. 

Moreover, the compomer that the authors used ensured the best fracture resistance among all four 

included materials. Besides this, Biswas et al. shows that the same compomer is superior to amalgam in 

what concerns the fracture resistance [18]. The present study shows that there are no major differences 

between the compomer and the nano-composite in increasing the fracture resistance of the teeth 

presenting NCCL; still, the compomer, the nano-composite and even the ormocer proved superior to 

flow nano-composite in that respect. Another study showed that in this type of lesions, the flow nano-

composite is preferred because of the low elasticity modulus [2]. This study demonstrated that, albeit it 

is relatively new on the market, having good esthetic qualities and assuring a good marginal adaptation, 
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the ormocer (organic modified ceramics) provides a better fracture resistance for teeth presenting NCCL 

than the flow nano-composite. 

 

4.Conclusions 
Within the limits of the present study, the authors can conclude that in regards non-carious cervical 

lesions, the best fracture resistance of these teeth is assured by the compomer (group D), followed closely 

by the nano-composite (group C), which proved to be superior to ormocer (group A). The flow nano-

composite (group B) gives the lowest fracture resistance.  
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