
Molecular Design for Dental Restoration 
 
Abstract: Adhesive resins are the most common human-synthetic material interface. Its 
widespread applications enables the reproduction of esthetics and mechanical 
resistance of native tooth as well as it repair from dental caries. This disease that affects 
90% of the entire world’s population and causes many other co-morbidities. Clinical 
application of experience of restorative materials have encountered limitations due to 
the complexity and dynamics of tooth-resin interface. In the restoration process the 
adhesive resin is attached to collagen fibers that are exposed after acid etching of the 
hydroxyapatite surface [1]. Dental adhesives contain high concentrations of ionic and 
hydrophilic resin monomers to enable bonding to wet dentin substrates, and to etch 
and bond enamel and dentin [2]. During the following years after restoration, pulp 
pressure infuses liquid in the dentinal channels defining an intricate frontier of 
wettability. In the long term this interface allows free acid monomers to dissolve 
hydroxyapatite [3], and activates matrix metalloproteinases (MMPs) that degrade 
collagen fibers [4]. The hybrid layer interface has complex geometry where 
nanoconfined bio(chemical) reactions induce failure of the restoration. The presence of 
endogenous MMPs have been identified has a main cause for restoration failure. Dentin 
MMPs are a family of endogenous hydrolytic enzymes whose members have different 
substrate specificity. These enzymes are trapped within mineralized dentin matrix, and 
have the ability to cut collagen fibers and thus initiate the first breakage step [2]. This 
process is enhanced by water solvation or nanoinfiltration. Free monomers present in 
the primer treatment of the tooth surface prevent collagen fibers from collapsing and 
improve bonding upon co-polymerization with restoration resin. The free monomer 
hydrophilicity/hydrophobicity plays a significant role in future nanoinfiltration and MMP 
activity. In this project we aim to create a molecularly tailored adhesive interface that 
can prevent restoration failure by inhibiting MMP, chemically reinforcing collagen fibers, 
and control nanoinfiltration. Successful work on the related (on going) project 
“Molecular view of dental restoration” PTDC/SAU-BMA/122444/2010 provided 
promising results that enable further sophisticated advances in dental restoration. This 
project has three tasks that are sequentially related: Task 1 Design and syntheses of 
novel MMP inhibitors We will start with design and conformational analysis of novel 
MMP inhibitors. Using computational docking software we can predict the quantitative 
affinity and geometric arrangement of the inhibitor around the active site of MMPs. This 
software evaluation of the inhibitor efficacy towards different MMP types, is crucial for 
selection of a most promising of molecules (few dozens) from hundreds computacional 
structures to proceed for organic synthesis. Previously one team element has 
synthesized more than 50 novel molecules (M. T. Barros, A. et.al. Eur. J. Chem., 2011, 9 
(4), 557-566). The design of new molecules is guided by the following principles: - Co-
polymerizable with the monomers present in commercial restoration resins; - Tailored 
solubility in organic solvents / water for tooth nanoinfiltration control; - High affinity 
toward MMP active site; - High specificity for different MMPs enzymes. Additionally we 
intend design and synthesize new molecules of that can permeate a tunnel (adjacent to 
the active site) in certain MMPs, so that after light irradiation it can cyclize and became 
an irreversible inhibitors. Task 2: Testing MMP inhibitors monomers. The biochemical 
activity/inhibition tests are crucial to determine the inhibitor in vitro efficacy. 
Biochemical tests are done with comparison with well-established inhibitors. Different 
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types of MMP enzymes are tested in. This reveals valuable specificity of towards 
different MMPs. Toxicity of inhibitors will be evaluated with human cells cultures. 
Enzymatic proteolysis of collagen (with/without) inhibitors will be observed with Atomic 
Force Microscopy. Task 3: 'Resin-Inhibitor-Tooth' composite biomaterial evaluation. A 
limited number of selected inhibitors chosen by Task 1 and 2 will be applied in the resin-
inhibitor-tooth composite assemblies. After ageing, the samples micro-tensile strength 
determination, and fracture analysis will characterize their mechanical resistance. 
Electron Microscopy (SEM,TEM) is essential to characterize the fracture event of the 
prepared specimen. Additionally SEM–EDS silver contrast will be used to determine 
nanoinfiltration in the hybrid layer, influenced by the inhibitor/monomer, and critical 
for the dental restoration. In this project we expect to create a new compound(s) 
compatible with commercial tooth restoration resins and ready for clinical applications. 
A patent application will be considered. 

 

 


