
Dental Poly(methyl methacrylate)-Based Resin
Subjects: Materials Science, Biomaterials

Contributor: Hiroshi Ikeda

Poly(methyl methacrylate) (PMMA)-based resins have been conventionally used in dental prostheses owing to their good

biocompatibility. However, PMMA-based resins have relatively poor mechanical properties. The filler was incorporated in

the photocurable PMMA-based resin to improve the mechanical and physicochemical properties. The filler-loaded PMMA-

based resin has the potential for use in dental restorative materials.
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1. Introduction

Polymethylmethacrylate (PMMA)-based resins are widely used in dental applications because of their excellent

biocompatibility, stable physicochemical properties, easy manipulation, low cost, and appropriate aesthetics .

PMMA-based resins are commonly used for dental applications, such as denture bases, denture teeth, temporary crowns,

provisional restorations, adhesives, and orthodontic retainers. However, clinical problems related to the use of PMMA-

based resins include fracture and wear owing to their insufficient mechanical properties . Improving the mechanical

properties of PMMA-based resins is a critical issue for their long-term use in the oral environment without early failures.

To improve the mechanical properties, many studies have introduced fillers or fibers into a PMMA-based resin matrix .

A systematic review paper suggested that the addition of filler to the resin matrix can increase mechanical properties such

as flexural strength, flexural (elastic) modulus, and fracture toughness . For instance, the addition of microcrystalline

cellulose at 5 wt % reinforced the PMMA-based resin in terms of increasing the flexural strength and modulus . A

double-modified organoclay was incorporated in the PMMA matrix at 0.5 wt %, resulting in increased flexural strength,

flexural modulus, and fracture toughness . Silanized alumina micro-particles with 0.1 wt % increased the flexural

strength of PMMA-based resin . ZrO  nanotubes were added to a PMMA-based resin, which increased its flexural

strength . Furthermore, the addition of silanized silica nanoparticles increased the flexural strength, flexural modulus,

and fracture toughness of the PMMA-based resin . Thus, the addition of fillers at an appropriate amount can reinforce

the mechanical properties of PMMA-based resins.

However, the addition of large amounts of fillers often has adverse effects on the mechanical properties of PMMA-based

resins. Excess filler (usually above approximately 5 wt %) degrades the mechanical properties of the PMMA-based resin,

because the filler forms aggregates and voids in the resin matrix . For instance, the flexural strength of heat-polymerized

PMMA-based resin increased with increasing nano-filler (silica, alumina, and zirconia) content up to 1 wt %, and

decreased above 5 wt % . The flexural strength of the PMMA-based resin containing 5 wt % silica nanoparticles was

lower than that of the pure resin . The flexural strength of a PMMA-based resin increased with the addition of

fluoridated glass filler up to 5 wt %, and then decreased .

To overcome this issue, the present research focused on the development of porous fillers to improve the mechanical

properties of PMMA-based resins. Porous filler containing continuous internal pores can form a mechanically interlocked

structure at the interface between the infiltrated resin and filler surface . Porous fillers have the potential to avoid

degradation of the properties of the PMMA-based resin when a large amount of filler is added. In resin composites, some

types of porous fillers have been introduced to improve the mechanical and physicochemical properties of resins 

. For instance, a nanoporous silica filler prepared by thermal sintering increased the flexural strength, flexural

modulus, and fracture toughness of copoly(bisphenol A-glycidyl methacrylate (Bis-GMA)/Triethylene glycol dimethacrylate

(TEGDMA)) by adding 70 wt % of filler . A wrinkled mesoporous silica improved the mechanical properties, including

the flexural strength, flexural modulus, compressive strength, and Vickers microhardness of copoly(Bis-GMA/TEGDMA)

. A dendritic porous silica filler added at 36 wt % showed the best reinforcing effect on the flexural strength,

compressive strength, and work of fracture of copoly(Bis-GMA/TEGDMA) . Similarly, it is expected that porous fillers

have the potential to improve the mechanical properties of PMMA-based resins.
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2. Current Insights

The nanoporous silica filler was obtained via sintering, grinding, and silanization. During the sintering process, monolithic

porous silica was produced by sintering the green body, containing the silica nanoparticles and PVA binder. During

sintering, the PVA binder of the green body thermally decomposed, resulting in the formation of continuous pores in the

body. Further details were reported in the researchers' previous research . This previous research revealed that the

porous structure can be controlled by the sintering temperature and time ; the pore volume and surface area decreased

with increasing sintering temperature or time. Excessive sintering yielded a dense monolith with no pores, while

insufficient sintering yielded a fragile monolith with poor consolidation of the nanoparticles. The sintering conditions were

optimized to achieve a sufficiently porous and strong silica monolith. Then, the porous silica monolith was ground into a

fine powder. Although the fabricated filler had microscale particles, it had a large surface area owing to the internal

nanopores. This unique characteristic of the nanoporous filler significantly differs from that of conventional micro- or nano-

fillers used in dental resin composites . Furthermore, the present filler differs from the previously reported

thermally sintered nanoporous silica filler in terms of its porous structure; the surface area of the present filler (61.3 m /g)

is eight times higher than that of an existing filler (8.4 m /g) .

The resin matrix of the filler-loaded PMMA-based resin was prepared from appropriate amounts of pre-polymerized

PMMA powder, MMA, EGDMA cross-linker, and BAPO photo-initiator. This system is similar to the powder–liquid mixtures

used in many commercial self-cured acrylic resin systems . In the researchers' system, the EGDMA cross-linker

creates a three-dimensional polymer network with the MMA monomer via free-radical polymerization by light irradiation

. The pre-polymerized PMMA powder facilitated curing of the resin monomer. In the researchers' preliminary

experiments, the resin without EGDMA and PMMA powder did not cure under light irradiation. Hence, EGDMA and PMMA

powders are essential components for the present PMMA-based resin. The BAPO photo-initiator is commonly used for

free-radical photopolymerization in biomedical resin-based applications owing to its low cytotoxicity and high absorption

coefficient under ultraviolet light . A small amount of initiator achieved an efficient degree of conversion in the PMMA-

based resins. The degree of conversion reached ≈90% in the PMMA-based resins, regardless of filler addition. This

suggests that the infiltrated resin inside the filler particles can be polymerized under light irradiation. The degree of

conversion for the PMMA-based resins is close to that of commercial heat-polymerized PMMA-based resin (≈92–97%)

, whereas it is higher than that of commercial photo-polymerized resin composites for dental bulk-filled applications

(≈30–80%) . Hence, PMMA-based resins are considered acceptable as photocurable resins.

The PMMA-based resin contained 23 wt % filler. In this experiment, the researchers examined the upper concentration

limit at which the filler was able to disperse into the resin matrix without forming agglomerates or voids. The researchers

also prepared a filler-loaded PMMA-based resin using a non-silanized silica filler. In this case, the filler formed aggregates

in the resin matrix at concentrations below 5 wt %. This means that silanization of the filler is essential and effective for

homogeneous dispersion of the filler in the resin matrix. The present filler concentration (23 wt %) is higher than those of

the previous filler-loaded PMMA-based resins listed in a review paper on filler-loaded PMMA-based resins . The fillers

often easily form aggregates in the resin matrix, and the upper limit of the filler load is approximately 5 wt % to avoid

degradation of the mechanical properties, even when silanization of the filler is performed. In fact, the researchers tried to

use the original fumed silica nanoparticles as the filler for the PMMA-based resin. However, homogeneous filler-loaded

resin was not successfully fabricated because the fumed silica formed aggregates in the resin matrix, even at a

concentration below 5 wt %, owing to their high surface area of 300 m /g. In contrast, the present micro-sized filler had a

hierarchical structure containing nanopores. This unique microstructure of the filler allows the resin matrix to penetrate the

continuous nanopores via capillary forces, leading to good wettability between the filler and resin matrix. This inhibits the

aggregation of the fillers and void formation in the resin matrix.

The mechanical properties of the pure PMMA-based resin are comparable to those of commercial self-cured PMMA-

based resins . The addition of the filler significantly increased the mechanical properties of the PMMA-based resin. In

particular, the flexural modulus and Vickers hardness of the filler-loaded PMMA-based resin were twice those of the pure

PMMA-based resin. These improvements in the mechanical properties are notable in comparison with previous studies on

filler-loaded PMMA-based resins. For instance, nanosized ZrO  filler added at 7 wt % increased the Vickers hardness only

marginally, from 17.3 to 19.6 . In another study, the addition of aluminum borate whiskers at 20 wt %, increased the

Vickers hardness of the resin from 17.78 to 20.58 .

The physicochemical properties of the PMMA-based resin also improved with the addition of the filler. This suggests that

the filler particles were well dispersed in the resin matrix and chemically bonded to each other. A previous study

suggested that the water solubility and sorption of resin composites are affected by the material homogeneity , where

highly homogeneous resin–filler composites have lower water solubility and sorption. In addition, the silane coupling agent
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on the filler surface can improve the bonding between the filler and resin matrix, thereby enhancing the mechanical and

physicochemical properties . The mechanical and physicochemical properties of filler-loaded PMMA-based resin

meet the criteria of ISO standard for polymer-based crown . Overall, the filler-loaded PMMA-based resin is considered

suitable for use in dental applications, such as temporary crowns, provisional restorations, and denture bases. However,

there is scope for further assessment of the cytotoxicity of PMMA-based reins to confirm their biocompatibility using

human gingival fibroblasts and gingival keratinocytes  and in vivo allergy tests . Since TEGDMA has a risk of

disruption of vital cell functions, the cytotoxicity due to the unpolymerized monomers will be examined further .

The present research demonstrated that the developed nanoporous silica filler can improve the mechanical and

physicochemical properties of PMMA-based resins. In addition, the nanoporous silica filler has potential applications in

other resins, such as multifunctional resins, urethane dimethacrylate, and bisphenol A-glycidyl methacrylate.

Multifunctional resins have been widely used as resin composites for dental restorative materials owing to their excellent

mechanical properties and biocompatibility. Commercial resin composites are generally loaded with nano- or micro-sized

fillers to improve their mechanical properties . The nanoporous silica fillers further improved the mechanical properties

of the resin composites. The filler size and porous structure would be controlled to enable good dispersion in the resin

matrix to achieve desirable properties. The potential applications of the newly developed filler will be examined in the

future to expand the use of nanoporous fillers in clinical applications.

References

1. Gautam, R.; Singh, R.D.; Sharma, V.P.; Siddhartha, R.; Chand, P.; Kumar, R. Biocompatibility of polymethylmethacrylat
e resins used in dentistry. J. Biomed. Mater. Res. B Appl. Biomater. 2012, 100, 1444–1450.

2. Zafar, M.S. Prosthodontic applications of polymethyl methacrylate (PMMA): An update. Polymers 2020, 12, 2299.

3. Pituru, S.M.; Greabu, M.; Totan, A.; Imre, M.; Pantea, M.; Spinu, T.; Tancu, A.M.C.; Popoviciu, N.O.; Stanescu, I.I.; Ione
scu, E. A review on the biocompatibility of PMMA-based dental materials for interim prosthetic restorations with a glimp
se into their modern manufacturing techniques. Materials 2020, 13, 2894.

4. Alhotan, A.; Yates, J.; Zidan, S.; Haider, J.; Silikas, N. Assessing fracture toughness and impact strength of PMMA reinf
orced with nano-particles and fibre as advanced denture base materials. Materials 2021, 14, 4127.

5. Cascione, M.; De Matteis, V.; Pellegrino, P.; Albanese, G.; De Giorgi, M.L.; Paladini, F.; Corsalini, M.; Rinaldi, R. Improv
ement of PMMA dental matrix performance by addition of titanium dioxide nanoparticles and clay nanotubes. Nanomat
erials 2021, 11, 2027.

6. Gad, M.M.; Fouda, S.M.; Al-Harbi, F.A.; Napankangas, R.; Raustia, A. PMMA denture base material enhancement: A re
view of fiber, filler, and nanofiller addition. Int. J. Nanomed. 2017, 12, 3801–3812.

7. Aldegheishem, A.; AlDeeb, M.; Al-Ahdal, K.; Helmi, M.; Alsagob, E.I. Influence of reinforcing agents on the mechanical
properties of denture base resin: A systematic review. Polymers 2021, 13, 3083.

8. Rahaman Ali, A.A.A.; John, J.; Mani, S.A.; El-Seedi, H.R. Effect of thermal cycling on flexural properties of microcrystall
ine cellulose-reinforced denture base acrylic resins. J. Prosthodont. 2020, 29, 611–616.

9. Shakeri, F.; Nodehi, A.; Atai, M. PMMA/double-modified organoclay nanocomposites as fillers for denture base material
s with improved mechanical properties. J. Mech. Behav. Biomed. Mater. 2019, 90, 11–19.

10. Chaijareenont, P.; Takahashi, H.; Nishiyama, N.; Arksornnukit, M. Effect of different amounts of 3-methacryloxypropyltri
methoxysilane on the flexural properties and wear resistance of alumina reinforced PMMA. Dent. Mater. J. 2012, 31, 62
3–628.

11. Yu, W.; Wang, X.; Tang, Q.; Guo, M.; Zhao, J. Reinforcement of denture base PMMA with ZrO2 nanotubes. J. Mech. Be
hav. Biomed. Mater. 2014, 32, 192–197.

12. Jiangkongkho, P.; Arksornnukit, M.; Takahashi, H. The synthesis, modification, and application of nanosilica in polymeth
yl methacrylate denture base. Dent. Mater. J. 2018, 37, 582–591.

13. Karci, M.; Demir, N.; Yazman, S. Evaluation of flexural strength of different denture base materials reinforced with differ
ent nanoparticles. J. Prosthodont. 2019, 28, 572–579.

14. Cevik, P.; Yildirim-Bicer, A.Z. The effect of silica and prepolymer nanoparticles on the mechanical properties of denture
base acrylic resin. J. Prosthodont. 2018, 27, 763–770.

15. Al-Bakri, I.A.; Swain, M.V.; Naoum, S.J.; Al-Omari, W.M.; Martin, E.; Ellakwa, A. Fluoride release, recharge and flexural
properties of polymethylmethacrylate containing fluoridated glass fillers. Aust. Dent. J. 2014, 59, 208–214.

[36][37]

[38]

[39] [40]

[41][42]

[43]



16. Liu, J.; Zhang, H.; Sun, H.; Liu, Y.; Liu, W.; Su, B.; Li, S. The development of filler morphology in dental resin composite
s: A review. Materials 2021, 14, 5612.

17. Zandinejad, A.A.; Atai, M.; Pahlevan, A. The effect of ceramic and porous fillers on the mechanical properties of experi
mental dental composites. Dent. Mater. 2006, 22, 382–387.

18. Samuel, S.P.; Li, S.; Mukherjee, I.; Guo, Y.; Patel, A.C.; Baran, G.; Wei, Y. Mechanical properties of experimental dental
composites containing a combination of mesoporous and nonporous spherical silica as fillers. Dent. Mater. 2009, 25, 2
96–301.

19. Atai, M.; Pahlavan, A.; Moin, N. Nano-porous thermally sintered nano silica as novel fillers for dental composites. Dent.
Mater. 2012, 28, 133–145.

20. Wang, R.; Habib, E.; Zhu, X.X. Synthesis of wrinkled mesoporous silica and its reinforcing effect for dental resin compo
sites. Dent. Mater. 2017, 33, 1139–1148.

21. Chen, H.; Liu, H.; Wang, R.; Jiang, X.; Zhu, M. Size-controllable synthesis of dendritic porous silica as reinforcing fillers
for dental composites. Dent. Mater. 2021, 37, 961–971.

22. Ikeda, H.; Nagamatsu, Y.; Shimizu, H. Preparation of silica-poly(methyl methacrylate) composite with a nanoscale dual-
network structure and hardness comparable to human enamel. Dent. Mater. 2019, 35, 893–899.

23. Ferracane, J.L. Resin composite—State of the art. Dent. Mater. 2011, 27, 29–38.

24. Habib, E.; Wang, R.; Wang, Y.; Zhu, M.; Zhu, X.X. Inorganic fillers for dental resin composites: Present and future. ACS
Biomater. Sci. Eng. 2016, 2, 1–11.

25. Schmalz, G.; Hickel, R.; van Landuyt, K.L.; Reichl, F.X. Nanoparticles in dentistry. Dent. Mater. 2017, 33, 1298–1314.

26. Saen-Isara, T.; Dechkunakorn, S.; Anuwongnukroh, N.; Srikhirin, T.; Tanodekaew, S.; Wichai, W. Influence of the cross-l
inking agent on mechanical properties of PMMA powder with compromised particle morphology. Int. Orthod. 2017, 15,
151–164.

27. Nateghi, M.; Negahdari, R.; Molaei, S.; Barzegar, A.; Bohlouli, S. Comparison of the accuracy of fixture-level implant im
pression making with different splinting techniques. Int. J. Dent. 2021, 2021, 2959055.

28. Andrzejewska, E. Photopolymerization kinetics of multifunctional monomers. Prog. Polym. Sci. 2001, 26, 605–665.

29. Tomal, W.; Ortyl, J. Water-soluble photoinitiators in biomedical applications. Polymers 2020, 12, 1073.

30. Leao, R.S.; de Moraes, S.L.D.; Aquino, K.; Isolan, C.P.; Casado, B.; Montes, M. Effect of pressure, post-pressing time,
and polymerization cycle on the degree of conversion of thermoactivated acrylic resin. Int. J. Dent. 2018, 2018, 574384
0.

31. Zorzin, J.; Maier, E.; Harre, S.; Fey, T.; Belli, R.; Lohbauer, U.; Petschelt, A.; Taschner, M. Bulk-fill resin composites: Pol
ymerization properties and extended light curing. Dent. Mater. 2015, 31, 293–301.

32. Alhavaz, A.; Rezaei Dastjerdi, M.; Ghasemi, A.; Ghasemi, A.; Alizadeh Sahraei, A. Effect of untreated zirconium oxide n
anofiller on the flexural strength and surface hardness of autopolymerized interim fixed restoration resins. J. Esthet. Re
stor. Dent. 2017, 29, 264–269.

33. Alhotan, A.; Yates, J.; Zidan, S.; Haider, J.; Silikas, N. Flexural strength and hardness of filler-reinforced PMMA targete
d for denture base application. Materials 2021, 14, 2659.

34. Zhang, X.; Zhang, X.; Zhu, B.; Lin, K.; Chang, J. Mechanical and thermal properties of denture PMMA reinforced with si
lanized aluminum borate whiskers. Dent. Mater. J. 2012, 31, 903–908.

35. Miettinen, V.M.; Vallittu, P.K. Release of residual methyl methacrylate into water from glass fibre-poly(methyl methacryl
ate) composite used in dentures. Biomaterials 1997, 18, 181–185.

36. Kondo, Y.; Takagaki, T.; Okuda, M.; Ikeda, M.; Kadoma, Y.; Yamauchi, J.; Okada, K.; Sadr, A.; Nikaido, T.; Tagami, J. Eff
ect of PMMA filler particles addition on the physical properties of resin composite. Dent. Mater. J. 2010, 29, 596–601.

37. Alhotan, A.; Yates, J.; Zidan, S.; Haider, J.; Jurado, C.A.; Silikas, N. Behaviour of PMMA resin composites incorporated
with nanoparticles or fibre following prolonged water storage. Nanomaterials 2021, 11, 3453.

38. ISO 10477: 2018; Dentistry—Polymer-Based Crown and Veneering Materials. International Organization for Standariza
tion: Geneva, Switzerland, 2020.

39. Alamoush, R.A.; Kushnerev, E.; Yates, J.M.; Satterthwaite, J.D.; Silikas, N. Response of two gingival cell lines to CAD/
CAM composite blocks. Dent. Mater. 2020, 36, 1214–1225.

40. Jung, H.; Lee, J.S.; Lee, J.H.; Park, K.J.; Lee, J.J.; Park, H.S. A feasibility study for 3D-printed poly(methyl methacrylat
e)-resin tracheostomy tube using a hamster cheek pouch model. In Vivo 2020, 34, 1749–1758.



41. Krifka, S.; Petzel, C.; Bolay, C.; Hiller, K.A.; Spagnuolo, G.; Schmalz, G.; Schweikl, H. Activation of stress-regulated tra
nscription factors by triethylene glycol dimethacrylate monomer. Biomaterials 2011, 32, 1787–1795.

42. Krifka, S.; Hiller, K.A.; Bolay, C.; Petzel, C.; Spagnuolo, G.; Reichl, F.X.; Schmalz, G.; Schweikl, H. Function of MAPK a
nd downstream transcription factors in monomer-induced apoptosis. Biomaterials 2012, 33, 740–750.

43. Chen, M.H. Update on dental nanocomposites. J. Dent. Res. 2010, 89, 549–560.

Retrieved from https://encyclopedia.pub/entry/history/show/50301


