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Abstract 

This review aims to examine the existing literature 

and available evidence on the biomechanical 

behavior ofintactteeth and its impact on the 

development of biomimetic dentistry. It discusses 

the aims of biomimetic dentistry and the different 

protocols proposed to apply the concept in dental 

practice. 
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I. Natural teeth biomechanics 
Biomechanics usually assesses the 

mechanical response of biological structures to 

forces, such as stress and deformation.25 The 

biomechanics of the tooth-restoration complex rely 

on several factors, such as the tooth structure, its 

morphology, forces generated in the dentition, 

supporting structures around the teeth, differences in 

the physio-mechanical properties between the tooth 

and the restorative material, and any interaction at 

the interface between them.7 Together these factors 

can lead to variable fracture patterns, whether in the 

restoration, the bonding interface, or the remaining 

tooth structure.3 

Natural sound teeth, throughout their life 

span are subjected to various events of overloading. 

This includes extrinsic factors such as 

parafunctional habits and trauma, as well as intrinsic 

dynamic loading, which can occur as a result of 

chewing strokes in a small area due to hard foreign 

objects such as a stone or a seed.15 

The dentino-enamel complex (DEC) is a 

descriptive term for the dentino-enamel junction 

(DEJ).22, 48 It is the functional complex interface 

shielding the teeth, which is composed of a three-

dimensional continuum of gradations,15 and this 

includes two materials with dissimilar elastic 

properties, which are the hard wear-resistant enamel 

which covers the softer less mineralized dentin core, 

with the DEJ in between.8 

Enamel is a strong yet brittle structure, 

overlying the dentin which is compressible.33 It is 

naturally designed to act like a compression dome, 

converting the applied load on the tooth into a 

primarily compressive load, which is transmitted to 

the dentin through the DEC.20, 35 Thereby protecting 

the dentin underneath from tensile forces. The 

flexible nature of the DEC allows the enamel to tip 

and rotate semi-independently of the underlying 

dentin,49 and hence, they all function harmoniously 

in the effective absorption and distribution of 

forces.33 It provides unique biomechanical 

properties that allow it to provide adequate strain 

harmony, transferring any applied load 

harmoniously between enamel and dentin.15 

Naturally, teeth have been designed to 

withstand compressive load. They can’t handle the 

damage caused by routine dental procedures, and 

hence, the underlying dentin gets exposed to tensile 

forces beyond its natural design parameters. In such 

cases, in which the enamel compression dome is 

disrupted, the energy becomes concentrated in the 

dentin rather than dissipated, resulting in flexure, 

crack propagation, and eventual fracture of the 

remaining tooth structure.33When these teeth are 

exposed to compressive forces, such as vertical 

occlusal loading, the stresses are redistributed into 

complex lateral components, being converted into 
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shear and tensile stresses. This phenomenon is 

referred to as the 'Poisson’s Effect.15, 38 

Imbeni et al.23 reported that, by using 

interfacial fracture mechanics, the fracture 

toughness of the DEC region is 5 to 10 times higher 

in than in enamel, but 75% lower than that of dentin. 

They also reported that cracks typically penetrate 

through the interface, reaching the optical DEC, 

before being arrested upon entering the tougher 

mantle dentin. The mantle dentin is that thin, soft 

layer lying close to the DEC, it issofter than the bulk 

dentin, with decreased peritubular dentin and tubule 

density. The authors attributed the arrest of cracks to 

the progressively increasing toughness, starting 

from the enamel till reaching the mantle dentin.  

Cracks can begin at "enamel tufts", which 

are known as the hypocalcified fissures starting 

from the DEJ and extending outward to the enamel 

surface. Cracks can also originate from any flaw 

near the outer tooth surface,27 and the latter ones 

may propagate to the DEC. The DEC plays a crucial 

role here, at which cracks get arrested,16, 47 or 

penetrate minimally into the dentin core.23, 45 It 

provides a crack-arresting barrier, preventing cracks 

from traversing the enamel-dentin interface, thereby 

protecting the natural tooth from catastrophic 

fractures.27 Bechtle et al.9 reported that cracks get 

arrested only if they started from the enamel side 

approaching the DEC. In contrast, if they started 

from the dentin side, samples tend to fracture after 

experiencing elastic and some plastic deformation. 

Regarding the previous evidence, it’s 

agreed that the DEC is a strong, durable, damage-

tolerant, and well-bonded interface, and it is not 

likely for it to fail in normal teeth.9, 48 Therefore, 

preserving as much of it as possible during the 

cavity preparation is a must.15 

 

II. Biomimetic restorative dentistry and its 

protocols 
Nowadays, there has been a continuous rise 

in the understanding of the microanatomy of teeth 

and their biomechanics. This, in conjugation with 

the great advancements in the world of diagnostic 

technologies, dental materials, adhesive techniques, 

reinforcement and restorative techniques, has led to 

a revolutionary improvement in dental practice. This 

new approach is well-known as microdentistry, 

biomimetic dentistry, or bioemulation dentistry.33 

Over 25 years ago, J.T. Rainey was one of the 

pioneers in this field; he participated in the 

introduction of the concept of microdentistry.39, 40 

Biomimetic dentistry represents the processes 

required to provide the restoration with specific 

properties that can mimic the natural state of teeth, 

both functionally and biomechanically.33 

Teeth are naturally multiphasic; however, 

when they become structurally compromised, they 

lose this unique structure. Restoring them with a 

monophase technique might not be the appropriate 

choice regarding the adequate function and stability 

required to restore the compression dome. 

Therefore, mimicking the natural layered, laminated 

system of the tooth as well as the force distribution 

within the compression dome should be 

considered.33 

During the 80s and 90s, a "silent 

revolution" occurred in adhesive dentistry, upon 

which the biomimetic protocols were developed.43 

Such revolution was furtherly enhanced by a group 

of Japanese researchers who identified the two 

layers of carious dentin: infected and affected 

dentin.5 Dr Takao Fusayame and his research team  

continued in  the goal of developing more  

conservative, long-lasting adhesive  restorations   

that   helped  in restoring   extensive   preparations 

properly.12 Pascal Magne outlined the main 

principles of biomimetic dentistry, including the 

biomimetic concept of immediate dentin sealing 

(IDS), in his book which was published in 2002.29 

During that same year, the "stress-reduced direct 

composite technique" was developed as a method to 

minimize the stresses of polymerization 

shrinkage.This allowed a biomimetic approach to 

direct resin-composite restorations.17, 14 

Biomimetictechniquesaimprimarily to 

minimize residual stresses while maintaining a 

maximum bond strength.11Biomimetic restorations 

are meant to optimally seal the margins, which in 

turn, minimizes gaps. Lower postoperative 

sensitivity and optimal preservation of pulpal 

vitality are also part of the benefits.4 Vital teeth can 

resist fracture three times more than non-vital 

ones.26In order to obtain the aforementioned results, 

two restorative protocols can be employed: the 

stress-reducing and the bond-maximizing protocols.4 

The stress-reducing protocol involves 

several techniques, all of which aim to minimize the 

stress applied to the hybrid layer until it undergoes 

maturation and throughout the entire lifespan of the 

restoration.12, 36Using indirect or semi-direct 

restorations plays an important role in stress 

reduction, with the indirect technique being the most 

stress-reducing.They offer the advantage of lower 

volume shrinkage of the material, which aids in 

minimizing shrinkage stresses.12 

The concept of “decoupling with time” 

which  was  proposed byAlleman et al.6 involves 

delaying the connection or the coupling between the 

dentin hybrid layer and the subsequent restorative 

layers for a period of time that allows the maturation 

of the hybrid layer. Therefore, it is supposed to 
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better withstand shrinkage stresses that develop after 

coupling and give a maximum cohesive bond 

strength. In the first 3 to 5 minutes after 

polymerization, the early bond strength to enamel is 

double that of dentin. On the other hand, after 5 

minutes, the late bond strength to dentin might be 

higher than that of enamel.46 Techniques such as 

immediate dentin sealing (IDS), resin coating, and 

deep margin elevation (DME) help provide the time 

needed for this decoupling to occur.6 

It may also help in neutralizing what is 

known as the "Hierarchy Of  Bondability",4 a 

concept thought to arise from the differing adhesive 

characteristics of the dental hard tissues.6 If the bond 

strengths of both IDS and resin coating are allowed 

to be developed in the first 5 to 30 minutes, strong 

interface of two dissimilar materials, mimicking the 

natural DEC, is produced.29 

Applying resin-composite in multiple small 

wedge-shaped increments is another effective stress-

reducing technique. These increments contact only 

two bonded walls, and thus, this helps reduce 

polymerization shrinkage stresses, as it converts the 

high C-Factor configuration into multiple lower 

ones.13, 16 Doing so, the number of unbonded free 

surfaces for each composite increment is increased, 

affecting the C-Factor on a micro level.15 

Additionally, in restorations with large 

volumes, incorporating fibers can help reduce the 

stress applied to the hybrid layer.10, 18The fiber-

reinforcement concept has been appliedby 

utilizingvarious types of fibers. Despite differences 

in their composition and structural characteristics, 

all fiber systems are intended to strengthen 

restorations and enhance their mechanical 

performance.1, 2Addition of fibers into resin-

composites is achieved by modifying the filler 

system, either externally through the manual 

placement of polyethylene fibers or internally by 

incorporating short glass fibers withinthe resin-

composit matrix.2, 19The efficient transfer of stresses 

from the relatively weak polymer matrix and 

thehigh-tensile-strength fibers has contributed to the 

improved fracture resistance and the 

multidirectional reinforcement of the material.41 

Stress-reducing strategies also 

includeremoving anycracks presentbeneath the 

restoration, since these defects can extend when 

subjected to occlusal forces.34, 37 The greater the 

length of the crack, the more readily 

itpropagatesunder even minimal loading.4 Therefore, 

whenever possible, cracks should be removed 

completely, within 2 mm of the DEJ, an area 

referred to as the "Peripheral Seal Zone". This may 

require removal of the tooth structure up to 5 mm 

from the occlusal direction, and 3 mm fromthe 

axiopulpal direction.5 

All these stress-reduced protocols are 

regarded as minimally invasive and 

biomimetic.14Magne proposed that adhesive 

restorative techniques generate very low internal 

stresses while providing strong bonding, thereby 

reproducing the stress-strain behavior of intact 

natural teeth. As a result, these approaches can be 

considered biomimetic.28 

The other restorative protocol is the bond 

maximizing protocol.Achieving a caries-free 

peripheral seal zone, 2 to 3 mm circumferentially 

around the cavity5 can help maximize the bond 

strength of both normal and carious dentin.44, 46 

One of the key elements in achieving 

maximum bond strength is IDS, along with resin 

coating.30 Coating the IDS with a thin layer of 

flowable resin or low-viscosity restorative 

composite with a modulus of elasticity close to deep 

dentin (12 GPa) can achieve a "secure bond". So, if 

the indirect restoration got dislodged, the sealed 

dentin and the resin coat would stay in place.24, 42 A 

microtensile bond strength of more than 30 MPa can 

be achieved by using the DME technique, 

converting the subgingival margin into a 

supragingival one.4 

Implementing some or all of these 

protocols helps achieve a highly bonded foundation 

to which the indirect or semi-direct inlay or onlay 

can be bonded. The Academy of Biomimetic 

Dentistry refers to this foundation as the "bio-

base".21, 32 

 

III. Conclusion 
Understanding the biomechanical behavior 

of natural teeth and how they respond to any applied 

load helps in developing restorative protocols that 

aid in a better response to different stresses. 

Biomimetic restorative dentistry aims to provide a 

long-lasting restoration while minimizing the risk of 

future retreatments.50 The goal is not to create the 

strongest possible restoration. On the contrary, it 

aims to provide a restoration mimicking the natural 

tooth mechanically, biologically, and optically.31 
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