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Abstract 

Background Methacryloyloxyethyl compounds, including 2-Methacryloyloxyethyl 
phosphorylcholine (MPC), is now used in dentistry given their biological compatibility 
and anti-bacterial properties. 

Objective This overview highlights the recent advances methacryloyloxyethyl 
derivatives have brought into dentistry. 

Results PC is a biocompatible and hydrophilic biomedical polymer, which is ventured 
into operative dentistry, orthodontics and endodontics. Its use is always enhanced with 
another chemical derivative or nanoparticles. 

Advances in Knowledge The effect of incorporation of a protein repellent agent 
into soft lining material on biofilm formation has not been reported. Therefore, this 
study investigated the reported findings regarding the influence of adding MPC in 
different ratios to the powder of soft denture liner to benefit from its excellent ability 
to repel protein adsorption and prevent bacterial adhesion. Adhesive dentistry has 
improved resin composite with MPC and dimethylaminohexadecyl methacrylate for 
enhancing the inhibitory effect on secondary caries. 
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Introduction  

MPC and other methacryloyloxyethyl compounds  are biocompatible and hydrophilic biomedical 
polymers, which are ventured into medicine and  dentistry as an excellent biomedical 
polymer[1,2]. MPC has been shown to have an excellent ability to repel protein adsorption and 
prevent bacterial adhesion. It also showed adhesions properties that made it an excellent candidate 
for drug delivery [3–5]and nanosciences [6] . The phosphorylcholine group generates several 
unique properties arising from its dipolar ion structure, consisting of a phosphate anion and a 
trimethylammonium cation [7]. The effect of incorporation of a protein repellent agent into soft 
lining material on biofilm formation has not been studied. Therefore, this study underpins the 
previously reported findings to support the state of art potential and applications of using 
methacryloyloxyethyl compounds in dentistry. Regarding the protein-repellent mechanism, 
abundant-free water, but no bound water, is reported in the hydrated MPC polymer[8]. Protein 
adsorption increased with the presence of bound water[9]. On the other hand, a large amount of 
free water around the phosphorylcholine group is considered to detach proteins and repel protein 
adsorption. Since it was ushered to dental biomaterials, combinations with other 
methacryloyloxyethyl groups.  

Successful bacterial or fungal adherence on a dental surface is an important step in forming 
biofilms. In this regard, the saliva or serum pellicles, such as mucins, fibrinogen and complements, 
during the colonization process and subsequent multilayer biofilm formation plays a vital role by 
binding to blastospores and germ tubes possibly modifying the process.  Accordingly, there is a 
great need to develop a novel resin that can repel proteins.  Such resin can repel proteins and hence 
inhibit bacteria attachment and it can further enhance the antibacterial potency of resin restorations 
by having a protein-repellent capacity[10–13].  Biofilm colony forming unit is the standard method 
used for evaluating biofilm formation in oral microbiology[11,14,15] .  The primary adhesion of 
bacteria was aimed at by using polymers, which usually inhibit the initial adhesion of 
Staphylococcus aureus and Pseudomonas aeruginosa. The authors concluded that the mechanical 
property of the thin-film is one of the influential factors determining bacterial adhesion. These 
findings would be of significance in designing antibacterial materials[16]. 

Therefore, the research articles have used this method as the golden standard. With the enhanced 
biological compatibility of the methacryloyloxyethyl compounds, this study underpins the 
medical literature and classify the different uses in dentistry.   

Method 

We collated a corpus of all published articles that reported the use of any of the derivatives of 
methacryloyloxyethyl in dentistry. Running python codes and corpus analysis, we retrieved the 
concordance of each experimental and clinical items to collect the data and annotate it. The sued 
medical subject headings included “MPC”, “methacryloyloxyethyl,” “anti-bacterial”, adhesive 
dentistry, biofilm, resin, and synonyms. Wildcards were used to augment the various spellings 
and morphological word forms. Therefore, this article provides the advances in ushering 
methacryloyloxyethyl compounds.  
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Results and Discussion  

MPC seems to be the key derivative of methacryloyloxyethyl that is used in dentistry. The primary 
medical domains include oncology, pharmacology and dentistry (Figure 1). The use of this resin is 
mainly attributed to its diverse superior physical properties (Figure 2). The two figures show 
clustering of relevant terminologies with the same color while the distance between each term 
encodes the frequency of their co-occurrences. Because the code generates the automatic clustering 
using deep static word embeddings.   

 

Figure 1. network analysis for all MPC-based research activities in bioscience. The turquoise color 
the hydrophilic physical properties and miscibility. The purple color denotes the biological 
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properties the resin demonstrates. The red color represents the processing of the resin to enhance 
its properties.  

  

Figure 2. Network analysis for MPC physical properties. 
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In the oral cavity, a pellicle coat is formed by the adsorption of salivary proteins onto the teeth and 
material surfaces. Salivary pellicle film affords the essential receptors which allow the adherence 
of bacteria. Consequently, salivary proteins adsorption is a prerequisite for attachment of bacteria 
and the formation of biofilm. Therefore, the inhibition of nonspecific adsorption of proteins at the 
surface of dental restorative materials is the desired goal for antibacterial approaches. Many 
strategies for imparting high resistance to protein adsorption have been investigated[17]. Dental 
Plaque is the accumulation of biofilms that comprise a great number of microorganisms (MO) and 
their metabolites. For dental plaque microcosm biofilm evaluation, bacterial strains that have been 
identified in denture biofilms were tested. Most commensal oral Streptococcus species have 
antigen I/II, a cell wall-anchored protein receptor that induces binding to specific partner MO 
including C Albicans, the fungus primarily attributed to denture-associated infections. As adhesion 
of bacteria is a requisite for fungal biofilm development, a logical strategy for inhibition of denture 
plaque accumulation is by prevention streptococcal biofilm formation[15]. 

In resin-based dentistry and endodontics, most of research articles aimed to develop a bioactive 
endodontic sealer through MPC, dimethylaminohexadecyl methacrylate (DMAHDM) and 
nanoparticles of amorphous calcium phosphate (NACP) and to assess the inhibition of early-stage 
and mature multispecies endodontic biofilm, bond strength to root canal dentin, and calcium and 
phosphate release[18,19]. Previous attempts aimed at producing nanoparticle-doped adhesive as 
a carrier to deliver medicaments to the pulp and improve adhesive penetration into dentinal 
tubules[10]. PMMA resin containing MPC and quaternary DMAHDM were used to improve the 
mechanical properties, protein-repellency and antibacterial sealers. Moreover, PMMA–based 
dental resin’s ability to inhibit bacterial plaque formation, and improve durability against water 
soaking and chemical exposure were investigated[20].  

In cariology and operative dentistry, the main trends included developing a protein-repellent 
dental composite by incorporating MPC and investigating for effects of MPC mass fraction on 
protein adsorption, bacteria attachment, biofilm growth, and mechanical properties[12,15]. 
Adding MPC to a resin composite containing nanoparticles of amorphous calcium phosphate, 
calcium and phosphate for enhancing the mechanical properties of restoration materials were 
explored. The development of antibacterial (protein-repellent) dental resin composites is the 
staggering hope to fight dental caries. Adding DHMAI to MPC has been experimented[21]. 
Introducing rechargeable composite with nanoparticles of amorphous calcium phosphate was also 
attempted. Composite containing MPC and DMAHDM greatly reduced biofilm growth and lactic 
acid production, without compromising mechanical properties of the composite[15,22].   

Other studies evaluated the synergetic effect between surface pre-reacted glass ionomer filler and 
2-MPC[8,23], for inhibiting multi-species biofilm formation, while maintaining or even improving 
the original beneficial features of SPRG-filled resin-based glass ionomer [20] and composite [21].  

Several methods for the amount of plaque accumulation’s measurement have been reported. 
Between them, the colony-forming unit (CFU) counts method assigned in this study is commonly 
used for measuring the area of plaque surface. This method is now digitised to minimise 
subjectivity, and make it retrievable. Moreover, it is a biofilm quantification assay able to measure 
the 3D thickness of biofilms adhered to the denture surface[9]. 

Colony-forming units (CFU), and microcosm biofilm model assessed bacterial engorgement and 
its metabolic activity. Protein adsorption onto the PMMA resin was measured using a micro 
bicinchoninic acid. Mechanical properties, like hardness/durability, were measured in three-point 
flexure.  
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In adhesive dentistry, introducing an ion-rechargeable and protein-repellent resin-based adhesive 
is always aimed to decrease carious disease occurrence and increase the restoration longevity. The 
polymerization kinetics of amine-functionalized dental adhesive cured with MPC has improved 
the MPC-based dental materials. Additionally, Ag is more toxic than many other metals against a 
broad spectrum of sessile bacteria and fungi which colonize on the plastic surface. In medical and 
life-care polymers silver has been broadly used because of their antimicrobial action. Modification 
of soft linings by AgNPs can be an improvement in that respect. Additionally, few reports confirm 
the effectiveness of AgNPs in their use for dentistry. Surface roughness was assessed using atomic 
force microscopy. X-ray photoelectron spectroscopy, polarized light microscopy, confocal 
microscopy, and optical coherence tomography were used to assess the internal structure[25]. In 
prosthodontics, the same returns useful with merging nanostructured silver vanadate (AgVO3) 
and antimicrobial activity, adhesion of a soft denture liner among other mechanical properties. 
[11,17,26]. 

Orthodonotia is always challenged by the de facto enamel demineralization as an inevitable side 
effects of bonding brackets for the due therapeutic orthodontic course. Developing a triple merited 
resin that is able to permit Ca and P ion recharge, repel protein-repellent and inhibit bacterial 
growth is aimed by integrating different proportions and concentrations of DMAHDM and MPC 
resins. Eventually, some success was attained with introducing the “RMGI + MPC + DMAHDM + 
NACP” cement, which minimized the depth of carious lesion and improved enamel hardness 
under biofilm acid attacks[8,27]. 

When bacteria adhere to the surfaces of internal prosthodontic devices, especially the S. 
epidermidis, they proliferate and aggregate producing a biofilm in which a thin layer of 
polysaccharides capsulates and protects the pathogenic bacteria from phagocytosis and 
immunological responses, as well as antibacterial agents commonly applied for therapeutic 
purposes. Hence, the formation of biofilms on the surface of devices establishes refractory 
infections, i.e., device-associated infections.  

Given the universal surface grafting of MPC to achieve an antifouling property on various 
biomedically relevant substrates to prevent nosocomial infections caused by bacterial biofilms on 
dental devices (Figure 3). This simple and universal antifouling coating process can be applied to 
diverse commercially available materials, such as actual tubular catheter or implants[17].  

 

Figure 3. Methacryloyloxyethyl derivatives in dentistry. 
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Conclusion 

Adhesive dentistry has improved resin composite with MPC and DMAHDM for reducing biofilm 
activity and is promising to inhibit secondary caries. Methacryloyloxyethyl compounds have 
various successful applications in resin composites, glass ionomer, denture bases and soft liners, 
orthodontic adhesives, cements. The efficacy of biofilm repellency or antibacterial activity in MPC 
and DMAHDM are superior to those materials that do not include these resins. We recommend 
examining the many merits that using methacryloyloxyethyl compounds may enhance in all 
dental subdomains. 
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