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INTRODUCTION 

Biomimetics was successfully introduced within the 

different fields, including the field of dentistry. The main 

aim of introducing these materials is to achieve successful 

remineralization using biocompatible and optimally 

functioning materials that can be used to manage diseased 

and defective tissues in a minimally invasive process. 

Recently, evidence showed that many biomimetics was 

introduced with excellent advantages and favorable 

outcomes in the different fields of dentistry.  

Among these, bioactive glasses, casein phosphate, 

mineral trioxide, tricalcium phosphate, nano-and micro-

hydroxyapatite were introduced as effective 

remineralization, biocompatibility, bioactivity, and 

biomimicry potentials.1,2 
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The main aim of introducing biomimetic materials is to achieve successful remineralization using biocompatible and 

optimally functioning materials that can be used to manage diseased and defective tissues in a minimally invasive 

process. Recently, evidence shows that many biomimetics was introduced with excellent advantages and favorable 

outcomes in the different fields of dentistry. A wide acceptance of biomimetics was reported in the field of dentistry 

as the modalities were efficaciously applied in the different endodontic and restorative procedures. In the present 

literature review, we have discussed the biomimetic mechanical characteristics of the different restoration materials 

that are currently used in the field of restorative dentistry. The current evidence supports the use and applications for 

biomimetics in the field of restorative dentistry based on the extensively reported evidence regarding the mechanical 

and functional characteristics of these modalities which mimic the functions of normal teeth. Accordingly, these 

modalities can be used to solve the underlying clinical challenges that are routinely faced in the settings of restoration. 

Furthermore, different materials were introduced and evaluated for their efficacies, and the clinical decision of these 

materials is based on many factors and should be taken based on dentist-and-patient interaction. 
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A wide acceptance of biomimetics was reported in the 

field of dentistry as the modalities were efficaciously 

applied in the different endodontic and restorative 

procedures.3,4 Many previous investigations have 

validated the efficacy of these modalities and compared 

them to the naturally occurring dental tissues to 

adequately provide more understanding of their abilities 

and roles in the different settings, including restorative 

dentistry.5-7 In the present study, we aim to provide 

evidence regarding the biomimetic mechanical properties 

of the different restoration materials. 

METHODS 

This literature review was based on an extensive literature 

search in Medline, Cochrane, and EMBASE databases on 

which was performed 2nd October 2021 using the medical 

subject headings (MeSH) or a combination of all possible 

related terms, according to the database. To avoid missing 

poetential studies, a further manual search for papers was 

done through Google Scholar, while the reference lists of 

the initially included papers. Studies discussing the 

biomimetic mechanical properties of restoration materials 

were screened for useful information, with no limitations 

posed on date, language, age of participants, or 

publication type. 

DISCUSSION 

In the field of dentistry, particularly within the settings of 

restorative dentistry and endodontics, studying 

biomimetic mechanical properties has been an area of 

interest to researchers within this field which, 

accordingly, has continuously generated updated 

evidence regarding the different perspectives of these 

modalities. In the field of restorative dentistry, 

biomimetic approaches were mainly conducted to 

processing the different restoration properties using the 

different materials by making them similar to the 

naturally-occurring oral environment and function at a 

similar efficacy. At the molecular level, evidence also 

shows that these modalities were efficaciously applied for 

other purposes, including hard-and soft-tissue 

regeneration, and wound healing augmentation.8,9 

Accordingly, evidence demonstrates that different 

biomimetic restorative materials can be used in the 

different restorative dentistry approaches, including the 

aesthetic, structural, and biomechanical compatibility of 

these materials within a macrostructural level. In this 

context, it has been demonstrated in the various relevant 

investigations in the literature that natural teeth are 

generally used for manufacturing and validation of 

biomimetics to obtain materials that function at the same 

efficacy as the normal human teeth with well-adapted 

properties. 

Based on the various advances in the field of developing 

biomimetic restorative materials, many innovative 

approaches were introduced to the literature to maintain 

more teeth preservation and conservation. Adequate 

respect should also be given to the different proposed 

biomimetic principles to maintain favorable outcomes 

regarding restoration. Some of these factors include the 

position of the targeted tooth within the arch, anatomy, 

and mechanics of the different intra-coronal relevant 

structures, shades, and hues.10  

Based on the aesthetic requirements and severity of the 

underlying damage, it has been demonstrated that glass-

ionomer cement, dental ceramics, and resin dental 

composites can be used to achieve such restoration 

outcomes. Evidence shows that most of these materials 

can adequately replace significant tooth damage and 

mimic the naturally occurring dentin and enamel. 

Moreover, the authors also indicate that resin dental 

composites can be used to restore moderate damage.11 In 

this context, the pulp is usually minimally prepared, 

which has been reported with many advantages regarding 

the less frequent teeth fractures due to the reduced pulp 

involvement. A low configuration factor was also 

reported for these materials in the context of maintaining 

and strengthening the remaining tooth structures.12  

In another context, bonded porcelain restorations are 

recommended in cases of severe teeth damage.11 High 

compressive strength, good wear behavior, and fracture 

resistance were also reported for the use of alumina 

ceramics in the field of dentistry. It has been furtherly 

reported that using nano-hydroxyapatite can also achieve 

favorable restoration outcomes because it has great 

biocompatibility similar to the natural components of the 

bones and teeth. Many characteristics were also reported 

for using glass-ionomer cement, being efficaciously 

bactericidal, in addition to having similar satisfying 

characteristics to dentin, and therefore, they have been 

reported to be efficacious biomimetics. These materials 

have been reported to be widely used across the different 

restoration approaches. However, they are not generally 

approached in the field of load-bearing posterior dentition 

as a result of the underlying poor tensile strength.13 

Many investigations have aimed to predict the clinical 

performance of the different biomimetic materials by 

evaluating the surface hardness and elastic modulus of 

these materials.14-20 Evidence shows that the latter 

perspective is used to properly evaluate the stiffness of 

the different restoration materials, as it gives a clear 

picture of the intrinsic features of the approached 

materials. Studies also show that the elastic modulus of 

the different restoration materials might significantly 

mismatch with the characteristics of the natural dentin 

and tooth structure. However, further investigations also 

demonstrated that some restoration materials can survive 

for up to 12 years, according to previous clinical 

investigations.21,22 Compared to dental resin composites, 

dentin, and enamel, glass-ionomer ceramic materials 

usually exhibit a reduced elastic modulus. Accordingly, it 

has been demonstrated that the clinical performance of 

the glass-ionomer ceramic materials is not likely to be 

longer than the aforementioned modalities due to of the 



Basudan TA et al. Int J Community Med Public Health. 2021 Nov;8(11):5598-5602 

                                 International Journal of Community Medicine and Public Health | November 2021 | Vol 8 | Issue 11    Page 5600 

poor mechanical properties when restoring load-bearing 

areas, like the subsequent surface wear and brittleness. 

On the other hand, other advantages were reported for 

using glass-ionomer ceramic materials across the 

different studies in the literature.23-25 Some of these 

include the well-established chemical bonding with teeth, 

the anti-coagulant properties, and being able to release 

fluoride adequately. Accordingly, it has been indicated 

that these materials are mainly used for the restoration of 

small cavities, being used as luting modalities for 

cementing bridges and crowns, in addition to being used 

as cavity liners, particularly in the settings of deciduous 

dentition. 

Evidence also shows that the recent advances in indirect 

restoration materials show that the different 

characteristics of these materials, including thermal 

expansion, hardness, and elastic modulus are similar to 

the characteristics of enamel. Accordingly, it has been 

evidenced that ceramic veneers can successfully be used 

in the settings of anterior teeth restoration approaches due 

to of the potential uniform disruption of the underlying 

stressors on these materials. It has been furtherly 

demonstrated that ceramic laminates can be additionally 

applied with favorable outcomes as a result of their 

aesthetic perspectives, in addition to fulfilling the 

different mechanical considerations. Another advantage 

for the biomimetic materials that were reported among 

the studies in the literature includes the relevancy of the 

different surface features to the real environmental dental 

ones, and to the previously discussed intrinsic properties. 

In this context, it has been demonstrated that the different 

restoration materials should be assessed using surface 

hardness, which can be used to evaluate the resistance of 

these materials to the prognostic surface indentation. This 

can furtherly be used in the settings of predicting 

polishing abilities, and abrasion resistance of the different 

restoration materials when applied within the oral 

environment.26  

It has been recommended that the surface hardness of the 

restoration materials and the hardness of the enamel 

surfaces should be closely similar to each other to obtain 

better outcomes. This has been suggested because the 

external surfaces of the used restoration materials are 

extensively exposed to the moist atmosphere and 

masticatory forces. Accordingly, studies show that 

estimated low surface hardness of the approached 

restoration materials might be an indicator for the 

development of abrasions, which might subsequently lead 

to porosity and surface wear formation, in addition to 

restoration failure.27-29 The estimated surface hardness for 

the dentin and enamel was reported to range between 0.71 

to 0.92 and 2.23 to 7.18 GPa, indicating that the enamel is 

composed of extensive hard tissue.30 On the other hand, 

when the different restoration materials were compared to 

the dentin and enamel in terms of surface hardness, it has 

been demonstrated that the estimated concept for the 

direct resin composite and glass-ionomer cement 

materials are remarkably lower than the naturally 

occurring concepts of the dentin and enamel of the 

normal teeth. Accordingly, it has been demonstrated that 

restoration failure and denture wear are more frequently 

observed with these materials. On the other hand, 

evidence also shows that the limits of surface hardness for 

dental ceramics and natural dentin are comparable. 

Previous studies also showed that failure of restoration 

might also develop secondary to the development of 

dental caries which result from plaque accumulation on 

the rough surfaces of the approached restoration 

materials.31-33 Another proposed cause for restoration 

failure following the application of dental resin composite 

materials is the abundant presence of porosities on the 

surface of these materials, which can significantly lead to 

cracks propagation over the surfaces of these materials.34 

The aforementioned evidence suggests that using dental 

ceramic restorations might offer better outcomes than the 

use of the glass-ionomer ceramic restorations and the 

direct resin composite materials. However, the outcomes 

of the restoration processes are not always determined by 

the long-standing functionality of the applied restoration 

materials, and favoring a material over the other should 

be determined according to a discussion between the 

patient and the dentist. For instance, many factors should 

be considered in this context, including psychomotor 

skills, clinicians’ knowledge and experience, magnitude 

and rate of masticatory forces, tooth location, restoration 

size, and Caries index.35 In a previous investigation by 

Opdam et al the authors demonstrated that among 1955 

dental resin composites, that were included in this study 

to be reviewed for their 10 years restoration survival 

abilities, 82.2% of these materials had successful 

restoration frequencies.36 Another investigation in Canada 

also demonstrated that the estimated 12 years survival 

rate among 1695 two-surface direct resin composite 

materials was 86%. For glass-ionomer ceramic 

restoration, it has been estimated that the survival rate 

was 28% in a 15-years follow-up investigation.37 In 

another context, ceramic veneer restorations were 

reported with higher survival rates, which were 94.4% 

and 93% at 12 and 10-11 years, respectively, following 

placement among these restoration materials as reported 

in these investigations.38,39 Stoll et al furtherly 

demonstrated that a survival rate of 97% at 10 years from 

the installation was estimated for a total of 1588 inlay 

restoration or ceramic inlay materials that were evaluated 

in this investigation.40 Accordingly, it can be concluded 

that the different ceramics and dental resin composite 

restoration materials have promising biomimetic 

efficacies being able to function at similar effectiveness 

to the natural teeth. Other considerations that should be 

taken care of when studying biomimetic materials are the 

aesthetic and biocompatibility perspectives of these 

materials.  

Evidence indicates that different restorative materials 

have dealt with the various esthetic issues that were 

previously reported among the different settings 

following restoration approaches. For instance, reduced 
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discoloration, misaligned teeth and diastema, and peg-

shaped lateral incisors were reported following 

restorations with dental resin composite materials. This 

has been indicated among various investigations. 

Greengler et al estimated that 93% of the used dental 

resin composite material restorations were associated 

with satisfactory coloring matches with the adjacent teeth 

when followed up at 10 years.41  

A similar rate of 94% was also reported at 17 years of 

follow-up for the same materials in a previous 

investigation by Wilder et al.42 On the other hand, glass-

ionomer ceramic restorations are associated with non-

favorable esthetic outcomes, and therefore, these 

materials are not recommended for anterior teeth 

restoration.7,43 Biocompatibility of the different 

restoration materials was also adequately investigated and 

the evidence confirms that direct resin composite 

materials are associated with the least frequency of 

toxicity that was also observed to reduce following their 

installation. Therefore, dentists should choose the best 

material based on the severity and area of tooth damage, 

in addition to taking adequate care of the patient’s 

concerns.7,44,45 

CONCLUSION 

The current evidence supports the use and applications 

for biomimetics in the field of restorative dentistry based 

on the extensively reported evidence regarding the 

mechanical and functional characteristics of these 

modalities which mimic the functions of normal teeth. 

Accordingly, these modalities can be used to solve the 

underlying clinical challenges that are routinely faced in 

the settings of restoration. Furthermore, different 

materials were introduced and evaluated for their 

efficacies and the clinical decision of these materials is 

based on many factors and should be taken based on 

dentist-and-patient interaction. 
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