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ABSTRACT

Objectives: To compare the hardness of two nano-hybrid resin-based dental composites.

Materials and Methods: Two nano-hybrid composites i.e., Nexcomp by Meta Biomed, Korea, 
and Tetaric N Ceram by Ivoclar Vivadent, AG, Liechtenstein were selected, and hardness was 
evaluated according to ASTM E384-11e. T-test was used to statistically analyze the data. 

Results: The mean hardness value (VHN) of Tetaric N Ceram (78.4±3.14) was high when com-
pared with Nexcomp (50±4.12). The statistical analysis showed a signifi cant diff erence with 
p-value of 0.00.

Conclusion: Both composites had adequate hardness values and dental practitioners may select 
the material subject to the clinical situation and patient’s aff ordability.
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 INTRODUCTION

Dental caries is a chronic pathological disease 
which occurs when there is an interaction among acid 
producing bacteria, fermentable carbohydrates and 
many host factors including saliva and teeth1. Due to 
this interaction demineralization of hard tissues of the 
tooth occurs and consequently cavities are produced 
in the tooth. Dentists advise removing dental caries 
and using the suitable restorative materials such as 
dental amalgam, glass ionomer cements, resin based 
dental composites (RBCs) to fi ll these cavities in or-
der to treat the aff ected tooth2. In recent years, the use 
of dental amalgam has declined, as there are aesthetic 
concerns as well as health and environmental issues 
due to presence of mercury in them3. Similarly, the 
use of glass ionomers as restorative material has also 
declined because of its inherent brittleness, lack of 
strength, poor resistance to wear on occlusal surfaces 
of teeth and moisture instability4.

RBCs are now frequently used as dental resto-
ration materials due to better properties over tradi-

tional fi lling materials including biocompatibility, 
aesthetics, antibacterial capabilities, and good me-
chanical, physical, tribological, and, thermal proper-
ties5. The mechanical and physical properties of these 
materials depend on their composition. They are 
primarily composed of an dispersed phase (inorganic 
fi llers), dispersion phase (organic matrix) and inter-
phase (coupling agent)6. Methacrylates, epoxy, and 
polyethylene are usually the building blocks of the 
organic matrix. The fi ller is made up of various ce-
ramic or glass particles, fi bers, whiskers, nanotubes, 
and nanoclusters in varying compositions, sizes, and 
size distributions. It is added to polymers to improve 
their properties. The performance of composites is 
improved by the coupling agent, such as silane, by 
creating a solid link between the matrix and fi ller7.

As RBC's are material of choice so they should 
have properties alike to natural tooth structure. Mi-
crohardness, surface roughness and wear resistance 
are important for clinical longevity and aesthetics 
of the restorative materials8. If materials are not 
resistant to scratch they will develop micro pores on 
their surface or will abrade if they come in contact 
with any hard material in the oral cavity9. In order 
to achieve these desired properties manufacturers, 
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add various materials in dental composites10. Usually 
fi llers are modifi ed in dental composites as the type 
and shape of fi ller particles, aff ect the micro hardness 
of dental composites. As, rigid inorganic particles 
generally have signifi cantly higher stiff ness than 
polymer matrix, hardness can be readily increased 
by adding either micro- or nanoparticles11.

Particles in the nano size range are increasingly 
been used as fi llers in polymeric composites. Nano-
composites have shown superior mechanical and 
aesthetic qualities needed for anterior and posterior 
restorations12. Since nano particles have high specifi c 
surface area to volume ratio, their presence enhances 
the materials mechanical properties. Due to interfa-
cial interactions, which involves both organic and 
inorganic groups the utilization of nano particles can 
result in a material with a new behavior13. 

The hardness of human enamel is 275 while that 
of dentine is 6614. It is crucial to use restorative mate-
rials both superfi cially and deeply, that have hardness 
values at least comparable to dentine to ensure an 
optimal clinical performance of restorations. As, low 
hardness negatively impacts the mechanical proper-
ties and eventually marginal integrity15. Although the 
hardness values of commercial RBCs are given in 
literature, however many factors such as polishing 
of samples, intensity of curing lights, storage tech-
nique and indenter used infl uence the fi nal outcome 
of results16. Therefore, in this study we investigated 
the microhardness of two available marketed dental 
composites containing nano particles to affi  rm the 
results. The main objective was to compare the 
microhardness of two materials so that dentist can 
select the best composite material.

MATERIALS AND METHODS

Two nano-hybrid composites i.e. Nexcomp by 
Meta Biomed, Korea and Tetaric N Ceram by Ivo-
clar Vivadent, AG, Liechtenstein were used. The 
hardness was assessed by using disc-shaped (4 mm 

diameter and 8mm height) specimens. In each group, 
5 samples were made in Tefl on mould. The mould 
was placed onto the glass slab and the samples were 
poured in a single increment into it. After pouring, 
they were covered with a cellulose acetate strip to 
avoid the development of oxygen inhibition layer. 
Then curing of the samples from both sides was 
performed with Rainbow LED light according to the 
manufacturer’s instructions. Samples were retrieved 
from the mould for polishing under continuous water 
fl ow. Hardness was evaluated according to ASTM 
E384-11e via HVS 1000 hardness tester by applying 
a load of 100 g for 15 seconds. Three indentions were 
made on each sample17.

RESULT

The mean Vicker’s hardness of Tetaric N Ce-
ram was more as compared to Nexcomp. The t test 
showed that there was a statistically signifi cant dif-
ference between them with p-value of 0.00. The mean 
VHN obtained for Tetaric N C Ceram was 78.4±3.14 
while for Nexcomp was 50±4.12. The details of the 
result are given in fi gure 1 as well as table 1.

DISCUSSION

In recent years there has been a significant 
increase in the use of RBCs because of rising pa-
tient demands for aesthetic results as well as new 
technologies in the dental industry18. The clinical 
performance of a composite restoration is depen-
dent on many factors, however the most important 
characteristics for dental restorations are mechani-
cal properties such as hardness, strength, and wear 
resistance19. It is suggested that dental restorative 
materials must have physical characteristics that are 
as like those of tooth structure as much as possible8. 
Hardness of material is described as resistance of a 
material to indentation. In comparison to convention-
al micro-composites, RBCs containing nanoparticles 
have better physical and mechanical properties, 
including hardness, compressive strength, and wear 

Table 1: Independent T Test showing Signifi cant Diff erence between the Groups.

Hardness Groups Mean Std. Deviation

Tetaric 78.40 3.04

Nexcomp 50.00 4.12

P value Mean Diff er-
ence

Std. Error Diff erence 95% Confi dence Interval of the Diff erence

Lower Upper

0.001 28.40 2.29347 23.11125 33.68875
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resistance20. 

The presence of fi ller particles in the resin matrix 
of RBCs enhances mechanical properties, such as 
hardness21. An in vitro analysis was done to evaluate 
the microhardness of two diff erent RBCs available 
in market.  In the present study, Tetaric N Ceram 
had signifi cantly higher mean microhardness value 
as compared to Nexcomp. This may be because 
Tetaric N Ceram has higher fi ller (80%) loading as 
compared to Nexcomp (75%). As, it is well-known 
fact that the size, shape, and proportion of the in-
organic phase of the fi ller have an impact on the 
hardness of a resin composites and it increases with 
higher fi ller percentages7. As, discussed earlier that 
the restorative materials should have hardness values 
close to dentine. Therefore, the results for both RBCs 
are acceptable for restorations to have stability in the 
oral environment. Although, there was signifi cant 
diff erence between both.

The outcomes of this research are in line with 
studies done by Liu et al22 and Partap et al23. In 
these studies, when the fi ller loading was increased 
hardness increased signifi cantly. Moreover, the re-
sults of this study are also in correspondence with 
research conducted by Shahwani and Elbatanony24, 
and Azmy et. al25, in which hardness of Nexcomp 
was evaluated. In contrast to other studies, done by 
P. Singh and K. Singh26 and Alrahlah27 the hardness 
results of Tetaric N Ceram are better in our study. 
This may be due to reason that many factors such as 
polishing, testing conditions, and intensity of curing 
aff ect the fi nal values of hardness. Beside this, the 
type of fi llers used also have impact on the mechan-
ical properties as these particles may have tendency 
to form strong ionic interatomic bonds with resins. 
Moreover, if combination of diff erent fi ller sizes is 
incorporated into dental composites than properties 

are increased due to close packing. The Tetaric N 
Ceram used in this study is a nano-hybrid composite 
containing combination of several fi llers including 
barium glass, ytterbium trifl uoride, and oxides in dif-
ferent sizes. Therefore, hardness value of this dental 
composite is higher as compared to Nexcomp which 
contains only barium borosilicate in various sizes. 
The hardness of dental composites can therefore be 
infl uenced by fi ller particle size and fi ller content, 
in addition to other considerations28.

In the present study the overall fi ndings showed 
that the type, size, loading and combination of fi ll-
ers had a signifi cant impact on hardness values16.  
Therefore, this could be the possible reason for 
decrease in hardness of Nexcomp. In present study, 
the dental composites were tested according to es-
tablished procedure given in literature. However, this 
experiment was in vitro and was conducted in ideal 
laboratory environment, therefore, the clinically 
expected scenario might diff er from the results that 
are presented29.

CONCLUSION 

The results obtained in this study were statis-
tically signifi cant, though nano-hybrid composites 
showed acceptable results as there VHN number 
was close to values of dentine. Therefore, they can 
be used both for anterior and posterior restorations 
and dental surgeons may select the material keeping 
in view the need and aff ordability of the patient as 
cost of these composites diff er widely.

REFERENCES

1. Nyvad B, Takahashi NJJoom. Integrated hypoth-
esis of dental caries and periodontal diseases. 
2020;12(1):1710953.

2. Yadav R, Kumar MJJoOB. Dental restorative composite 
materials: A review. 2019;61(2):78-83.

3. Worthington HV, Khangura S, Seal K, Mierzwins-
ki-Urban M, Veitz-Keenan A, Sahrmann P, et al. Direct 
composite resin fi llings versus amalgam fi llings for 
permanent posterior teeth. 2021(8):3-22.

4. Khan AS, Khan RS, Khan M, Rehman IU. Incorporation 
of nanoparticles in glass ionomer cements: Clinical 
applications, properties, and future perspectives.  Na-
nobiomaterials in Clinical Dentistry: Elsevier; 2019. 
p. 113-38.

5. Ludovichetti FS, Lucchi P, Zambon G, Pezzato L, 
Bertolini R, Zerman N, et al. Depth of Cure, Hard-
ness, Roughness and Filler Dimension of Bulk-Fill 

Fig 1:  Vicker’s Hardness Number of Tetaric N Ceram and 
Nexcomp



22

Comparative Assessment of Hardness of Two Nano-Hybrid ..... J Khyber Coll Dentistry, Sep 2023, Vol. 13, No. 3

Flowable, Conventional Flowable and High-Strength 
Universal Injectable Composites: An In Vitro Study. 
2022;12(12):1951.

6. Aminoroaya A, Neisiany RE, Khorasani SN, Panahi P, 
Das O, Madry H, et al. A review of dental composites: 
Challenges, chemistry aspects, fi ller infl uences, and 
future insights. 2021;216:108852.

7. Kundie F, Azhari CH, Muchtar A, Ahmad ZAJJoPS. 
Eff ects of fi ller size on the mechanical properties of 
polymer-fi lled dental composites: A review of recent 
developments. 2018;29(1):141-65.

8. Caneli G, Chen Y, Sungsoo N, Anderson GG, Xie 
DJJoCM. A dental fi lling composite resin restorative 
with improved antibacterial function and hardness. 
2021;55(2):159-68.

9. Koottathape N, Takahashi H, Iwasaki N, Kanehira M, 
Finger WJJDM. Two-and three-body wear of composite 
resins. 2012;28(12):1261-70.

10. Amin N, Siddiqui U, Saleem M, Fayaz S, Roghani 
KJJoRCoD. Comparative Evaluation of Compres-
sive Strength of two Nano-Hybird Composites. 
2021;2(2):02-4.

11. Mohseni M, Atai M, Sabet A, Beigi SJIPJ. Eff ect of 
plate-like glass fi llers on the mechanical properties of 
dental nanocomposites. 2016;25(2):129-34.

12. Kumari CM, Bhat KM, Bansal R, Singh N, Anupama A, 
Lavanya TJCCD. Evaluation of surface roughness and 
hardness of newer nanoposterior composite resins after 
immersion in food-simulating liquids. 2019;10(2):289.

13. Pieniak D, Walczak A, Walczak M, Przystupa K, Niew-
czas AMJM. Hardness and wear resistance of dental 
biomedical nanomaterials in a humid environment with 
non-stationary temperatures. 2020;13(5):1255.

14. Nair KC, Dathan PC, Sreeba S, Soman AKJASDS. 
Hardness of Dental Materials is an Essential Property 
that Determines the Life of Restorations-An Overview. 
2022;6(12):129-34.

15. Chinelatti MA, Chimello DT, Ramos RP, Palma-Dibb 
RGJJoAOS. Avaliação da dureza superfi cial de resinas 
compostas antes e após o polimento em diferentes tem-
pos. 2006;14(3):188-92.

16. Ilie N, Hilton T, Heintze S, Hickel R, Watts D, Silikas 
N, et al. Academy of dental materials guidance—
Resin composites: Part I—Mechanical properties. 
2017;33(8):880-94.

17. Syed MR, Bano NZ, Ghafoor S, Khalid H, Zahid S, 
Siddiqui U, et al. Synthesis and characterization of 
bioactive glass fi ber-based dental restorative composite. 
2020;46(13):21623-31.

18. da Silva MAB, Fardin AB, de Vasconcellos RCC, Santos 
LdM, Tonholo J, Júnior JGdS, et al. Analysis of rough-
ness and surface hardness of a dental composite using 
atomic force microscopy and microhardness testing. 
2011;17(3):446-51.

19. Alshabib A, Silikas N, Watts DCJDM. Hardness and 
fracture toughness of resin-composite materials with 
and without fi bers. 2019;35(8):1194-203.

20. Nithya K, Sridevi K, Keerthi V, Ravishankar PJC. 
Evaluation of surface roughness, hardness, and gloss of 
composites after three diff erent fi nishing and polishing 
techniques: an in vitro study. 2020;12(2).

21. Mohseni M, Atai M, Sabet A, Beigi SJIPJ. Eff ect of 
plate-like glass fi llers on the mechanical properties of 
dental nanocomposites. 2016;25:129-34.

22. Liu Y, Wu X, Sun Y, Xie WJP. POSS dental nanocompos-
ite resin: Synthesis, shrinkage, double bond conversion, 
hardness, and resistance properties. 2018;10(4):369.

23. Pratap B, Gupta RK, Denis L, Goswami DJMTP. Evalu-
ation of polymerization shrinkage and Vickers hardness 
for restorative dental composites. 2020;21:1563-5.

24. El Shahawi AM, Elbatanony MMJEDJ. Comparative 
evaluation of mechanical properties of three resin 
composite materials with diff erent fi ller particle sizes. 
2020;66(4-October (Conservative Dentistry and End-
odontics)):2715-20.

25. Azmy E, Al-Kholy MRZ, Fattouh M, Kenawi LMM, 
Helal MAJIJoB. Impact of nanoparticles additions on 
the strength of dental composite resin. 2022;2022.

26. Singh P, Singh SKJG. To assess depth of cure and hard-
ness of bulk-fi ll composites. 2019;1(45.2):32.5.

27. Alrahlah AJJcdp. Diametral tensile strength, fl exural 
strength, and surface microhardness of bioactive bulk 
fi ll restorative. 2018;19(1):13-9.

28. Dimitriadi M, Petropoulou A, Masouras K, Zafi ropoulou 
M, Zinelis S, Eliades GJM. The eff ect of touch-cure 
polymerization on the conversion and hardness of 
core build-up resin composites: a laboratory study. 
2021;14(20):6025.

29. Colombo M, Gallo S, Poggio C, Ricaldone V, Arciola 
CR, Scribante AJM. New resin-based bulk-fi ll compos-
ites: In vitro evaluation of micro-hardness and depth of 
cure as infection risk indexes. 2020;13(6):1308.


