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Summary 

 The socio-economic development, the speed of circulation of information, but especially the 

patients‘ expectations and requirements, have led to the development of very advanced materials and 

technologies in terms of the intrinsic properties and aesthetic point of view of the material. 

 An important aspect in the morpho-functional reconstruction of absent tissues is related to 

direct reconstruction materials and fixation of indirect restorations. These, together with the related 

adhesive systems, are the main actors in the development with the tissue interface that is to be 

restored, which is why the field of biomaterial production, testing and characterization is extremely 

developed and has a very rapid growth rate. 

 In all cases of direct and indirect dental restorations an essential place is the interface made 

with the dental hard structures and especially the marginal closure offered by the restoration-cement 

resin assembly. All the failures presented in the literature are based on this interface area and its 

physico-chemical properties. From this point of view, in order for the restorations to be successful in 

the long run, besides the biotolerance and the biocompatibility that they have to offer, increased 

attention must be paid to the contact area with the dental structures and the stages in which they are 

achieved. 

Key words: adhesive systems, dental hard tissue, marginal microinfiltration 

 

 

INTRODUCTION 

 Current dentistry can not be 

imagined without the existence of adhesive 

systems. This is the case with direct 

composite restorations, ceramic veneers or 

adhesive cement prosthetic restorations. 

 Adhesion to dental hard structures 

can be achieved by using acid-etched and 

washing adhesives, self-etching adhesives or 

adhesives for glass ionomers [1]. 

 Adhesive systems have evolved 

rapidly from those in multiple times to 

simplified ones in a single time. Although 

fractured or carious teeth can be 

reconstructed using minimally invasive 

techniques, and restorations are almost 

invisible using these techniques, the clinical 

longevity of composite restorations is 

considered to be reduced [2]. 

 Although there is a tendency to 

simplify the adhesive application technique, 

acid-etched and washable adhesives are 

more reliable in the long run, but the 

perspective lies with self-etching systems. 

 From the clinical point of view, they 

no longer require acidic etching and washing 

at a separate time, thus reducing the 

application time, and the sensitivity of the 

technique is lower, which is a very important 

advantage. In particular, two-time "soft" 

self-adhesive systems, which adhere with the 

help of  a combined mechanism, interacting 

micromecanically and chemically with the 

dental structure, are approaching the clinical 
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performance of acid etching and washing 

systems [3].  Among the possible causes 

of the adhesive interface degradation over 

time include: microinfiltration, 

nanoinfiltration, hydrolysis, dentin 

permeability, stress created by 

polymerization contraction, dentinal tubing 

orientation, occlusion, bacterial-released 

enzymes, operator-related errors. 

 By the content of hydrophilic 

monomers, adhesive systems can interact 

with dentin, but they can also be a cause of 

failure of the adhesive interface by water 

absorption and hydrolysis at the adhesive 

interface [4]. 

 Studies with tests of edges with 

microinfiltration are numerous in the 

literature [5], and although the results are 

often inconsistent because the tests are not 

standardized, there are followers considering 

that tests for microinfiltration in vitro can be 

correlated with the in vivo performance 

adhesive systems [ 2]. Marginal infiltration 

in micrometer is often evaluated in, in vitro 

studies, using optical microscopy on sections 

obtained from extracted teeth, restored, and 

subsequently immersed in one of the various 

dyes or markers able to infiltrate the 

composite-tooth surface interface. Most dyes 

used for the test are silver nitrate, methylene 

blue, erythrosine and basic fuxin [5], but 

also the radioactive labels can be 

used[1]. The method most commonly used 

for assessment the marginal microinfiltration 

is the semi-quantitative one to grant a score 

of penetration of the dye [3]. 

 One advantage of using adhesive 

systems is the conservation of hard dental 

structure. Their appearance allowed the 

application of minimally invasive methods 

of preparation. Thus, the principles of 

preparation of cavities after Black were 

modified, retention of materials was not 

exclusively mechanical. Amalgam 

obturations have been replaced by composite 

obturations which, unlike these, chemically 

adhere to enamel and dentin, thus 

succeeding in strengthening the dental 

structure, reducing marginal 

microinfiltration and also reducing 

postoperative sensitivity when following the 

rigors of the technique. 

 Another example of protecting the 

dental structure is the collar bridge 

(Maryland). 

  It is used in cases of frontal 

edentulous bounded by integral teeth, 

presenting two "fins" that are cemented 

adhesive on the oral face of the teeth, thus 

avoiding the loss of dental hard substance by 

grinding. 

 Adhesion to dental rigid structures is 

the greatest advancement in modern 

dentistry. However, it is a controversial 

subject, each adhesive system existing on 

the market at the time of the act having 

advantages and disadvantages. That is why I 

consider it important for the practitioner to 

know the basic theoretical aspects such as 

the physicochemical processes related to 

adhesion and the factors on which it 

depends, the aspects of the dental substrate 

to which adhesion is made and the 

characteristics of the main types of adhesive 

systems. 

Characteristics of adhesion on dental 

hard tissues 

 Adhesive technology has evolved 

rapidly since it first appeared more than fifty 

years ago. The most important challenge for 

dental adhesives is to produce an effective 

union of two hard tissues of a different 

nature. Adhesion to enamel has proven to be 

very durable. Adhesion to the dentin is much 

more complicated and can only be achieved 

if more complicated and lasting procedures 

are performed. 

 Frequently used adhesives are 
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sensitive to the technique used, so that a 

minor technical error results in either rapid 

loss of adhesion or marginal degradation. 

Today it is considered that the best approach 

in restorative dentistry is that of the 7th 

generation of adhesives. In this case, the 

smallest clinical errors can be produced, 

given the simplified procedure, being a 

single component, a single step, the adhesive 

fixation process being straightforward and 

predictable. Another advantage of these 

systems is the lack of postoperative 

sensitivity. In literature very often reference 

is made to the fourth generation of adhesives 

as the "gold standard"; these systems have 

been the most studied, but they are the most 

time-consuming, having the largest number 

of stages and are the most sensitive to the 

technique. 

 Adhesion to dental rigid structures is 

a very complex process and, as has been 

shown above, depends on many factors, 

which also requires determining how 

different substrates influence the behavior of 

the adhesive interface. 

 Both enamel and dentin are dental 

hard tissues. Differences must be considered 

between them, the enamel having a 

crystalline structure with a high surface 

energy (does not retain water, is easy to 

wash and dry), while the dentin has a non-

crystalline tubular structure with a low 

energy surface (difficult to wash and 

inconvenient to dry due to hidric 

imbalances); Due to its morphological, 

physicochemical characteristics, but also 

because it forms a morpho-functional 

complex with the pulp, dentin can easily 

release or capture water, which makes it 

behave as a permeable, penetrable solid 

which permits diffusion. 

Adhesion on enamel surfaces 

 Enamel is the most mineralized 

tissue in the body and has a crystalline 

structure. Mature enamel contains 96% 

anorganic substance in the form of 

hydroxyapatite crystals (this is ultrastructure 

of the tissue), 1% organic substances and 3% 

water. It is microporous, is acellular, 

avascular, an uninnervated tissue and has a 

high hardness. 

 The enamel prisms are oriented in 

such a way as to withstand the masticatory 

pressures, which is why this orientation 

differs from one area to another. The enamel 

prisms, at the tip of the cusps and in the 

depth of the occlusal ditches, form angles of 

90 °; at the level of the cusps slopes they 

form sharp angles towards the bottom of the 

ditches and fossils; at the level of the 

cervical and medium thirds of the lateral 

faces, they form obtuse angles to occlusion, 

respectively pointed to apical. 

 In order to obtain a favorable surface 

for the orientation of the enamel prisms, 

with high surface energy and increased 

wettability, it is necessary to pre-prepare the 

enamel surface by acidic etching. The first to 

discuss this was Buonocore in 1955, saying 

that "acid acts in the direction of altering the 

enamel surface to give it greater receptivity 

to adhesion." It used 87% phosphoric acid, 

applied for 30 seconds on enamel prisms. 

This moment was a revolution in dentistry, 

but the benefits of acidic etching were 

recognized by specialists only after 20 years. 

 

 There are several factors that 

influence the effect that acid etching has on 

dentinal surfaces as follows [6]:  

- the type of acid used (phosphoric, 

maleic, hydrochloric, etc.), 

- the concentration of the acid used 

(today it is considered that a 35-37% 

phosphoric acid concentration is sufficient 

for an optimal enamel engraving) 

- the time of action of the acid on the 

ammellar surface (it varied over time, 
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considering that 15 seconds are sufficient to 

achieve the desired effect) 

-  acid presentation form (the gel form is 

easier to observe and control, while having a 

higher penetration in the surface and depth)  

- the state of the enamel surface after 

demineralization (any contamination of the 

enamel must be avoided to avoid adhesion 

being affected)  

- wash time  

- way to activate the scraping process 

(continuous brushing, application of fresh 

amounts of acid, etc.)  

- action on the enamel of rotary tools 

(bizotation)  

- composition of the enamel  

- tooth type (temporary / permanent)  

- type of enamel (prismatic / aprismatic)  

- the concentration of enamel fluoride 

 The higher the enamel surface on 

which engraving is made, the better 

adhesion and closure. Concentrations of 

orthophosphoric acid between 30-40% 

produce the most favorable enamel surface 

texture. Optimal acid concentration should 

compromise between the smallest superficial 

loss and the maximum depth of histological 

changes. Loss of the substance, between 5 

μm and 12 μm, depends mainly on the 

concentration of acid used and the exposure 

time (the type of acid is less important). This 

requires avoiding accidental contamination 

of adjacent intact surfaces that will not be 

covered with resin, as well as protecting the 

neighboring teeth. With the development of 

universal amelo-dental adhesives systems 

and the use of simultaneous etching the 

enamel and dentine techniques ("total etch" 

technique), there has been a tendency to 

reduce the enamel etching time from 60 

seconds to 15-30 seconds. Scanning electron 

microscopy studies have highlighted that 

using 37-50% orthophosphoric acid for 15-

seconds the same roughness of the surfaces 

as exposing for 60 seconds is to be 

produced. Furthermore, laboratory tests have 

shown that shear resistance and marginal 

percolation are similar for the shedding for 

15 seconds and 60 seconds. On the other 

hand, since oblique arched enamel surfaces 

perform better demineralization, it is 

preferable that the enamel edges are beveled 

before the acid etching. 

 Following the treatment of enamel 

with phosphoric acid, different 

demineralization patterns (after Silverstone) 

have taken place: demineralization pattern I, 

where remarkable demineralization of the 

enamel prism body is observed, with 

minimal damage to the adjacent surfaces; the 

demineralization pattern II, when the acid 

acts on the hydroxyapatite crystals of the 

caudal end of the enamel prisms; pattern III, 

when the time of action of the acid is too 

high, the acid acting for a longer time in the 

surface so as to increase the diameter of the 

micro pores and reduce their depth; the 

"star" pattern IV seems to be a type II 

pattern of scrambling, but it appears like this 

due to a certain incidence of the electron 

beam when scanning the electron 

microscopy (SEM) samples (Figure 1) . The 

most favorable acid grading patterns are 

obtained in the typical prismatic shaped 

dental areas. The highest frequency of 

unfavorable acid etching models occurs at 

the level of the premolars and the included 

teeth, indicating in this case the prolongation 

of the etching time [7]. 
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 Fig.1. Types of patterns of dental enamel etching, type I-center (H3PO4, 50%, 2 minutes, 

SEM x 3200). b, Type II-peripheral (H3PO4, 40%, 1 minute, SEM x 3200). c, Type III structural 

poor (H3PO4, 50%, 2 minutes, SEM x1000, detail x 3200). d, Type IV - "in the fern" or "star" 

(H3PO4, 50%, 2 minutes, SEM x 320) [7]. 

 

When 37% phosphoric acid is applied as 

a gel, a 15 second wash time is sufficient 

using water under pressure. When using 

self-etching adhesives that are subsequently 

applied to engraving with high concentration 

acids, the wash time can be reduced to 5 

seconds. Conditioned and washed enamel 

should be dried for 3-5 seconds with a dry 

and uncontaminated air jet. The type of 

drying will be reduced in the case of 

hydrophilic / hydrophobic monomers which 

require a slight degree of moisture of the 

substrate for effective adhesion. Conditioned 

enamel allows wetting and impregnation of 

micro pores with the resin monomer, which 

once polymerized will generate resin 

extensions  that will retain the adhesive layer 

by making a hybrid layer between the 

enamel and the adhesive (Fig. 2). 

Impregnation of the enamel occurs when the 

adhesive has a low surface tension 

(molecular characteristic of the liquids) and 

the substrate has a high surface energy 

(characteristic of solids). Impregnation is 

optimal when the surface is clean, activated, 

with high surface energy, which is actually 

obtained by conditioning or acid auto 

conditioning, and the adhesive exhibits low 

surface tension and physico-chemical 

compatibility with the substrate. The 

maximum degree of impregnation occurs 

when the surface tension values of the 

adhesive fluid are slightly lower than the 

surface energy values of the substrate. 

Changes that have taken place over time in 

chemical formulas of adhesives, 

characterized briefly by switching from 

hydrophobic adhesives to amelo-dentinal 

adhesion systems based on hydrophilic-

hydrophobic monomers and auto etching 

systems, have made adhesion to these tissues 

either better and with the possibility of 

realizing itself even at the level of delicate 

structures such as the aprismic enamel.
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 Fig. 2. The SEM image of the adhesive-enamel interface after the application of an acid 

etching and washing in three steps adhesive system [8] 

Adhesion to dentin surfaces 

 If the adhesion to the enamel is 

durable, the same can not be said about 

adhesion to dentin, this being an important 

problem of the researchers over time, the 

results obtained being not satisfactory (Fig. 

3)

. 

 
 Figure 3. Different adherence to the two dental hard structures: enamel and dentin[8] 

 

There have been three main directions of 

research and development of dental adhesive 

systems[8]: 

• total (simultaneous) enamel and dentine 

etching with concentrated phosphoric acid 

and application of hydrophilic-hydrophobic 

monomers to obtain hybrid layer adhesion; 

• Total (simultaneous) enamel and 

dentine with concentrated phosphoric acid, 

deproteinization with sodium hypochlorite at 

different concentrations, and application of 

hydrophilic and hydrophobic monomers to 
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achieve adhesion by contact or by "reverse 

hybridization"; 

• conditioning, activating and 

demineralizing the dentin by means of self-

etching adhesives containing weak acids in 

low concentration and acid monomers that 

make it possible to adhere to the dentin 

through an acid-base reaction with the 

formation of insoluble salts with the 

hydroxyapatite crystals forming a layer 

integration reaction. 

 Adhesion to dentin is influenced by 

its structure and composition. Dentin is a 

rough, mineralized tissue, composed of a 

matrix or network of collagen fibers, 

glycosaminoglycan, proteoglycans and 

growth factors of about 18%, about 70% 

hydroxyapatite crystals and 12% water. 

Dental tissue has well-differentiated areas 

represented by intertubular dentin and 

peritubular dentin, which can vary in 

structure, amount and settlement, depending 

on the depth, and which can be altered with 

age or external stimuli. 

 Following the dental tissue 

instrumentation, a fine film consisting of 

microcrystalline particles incorporated into a 

denatured organic matrix remains on the 

surface of the dentinal wound. This is the 

remaining dentinal debris, an amorphous, 

porous layer of 1-2 microns thick, which 

penetrates into the dentinal canals in their 

initial portion forming a smear plug. The 

formation of detritus is directly influenced 

by the type of rotary instrument used, its 

speed, the heat released and the pressure 

exerted during the preparation of the 

cavities, the age of the tooth on the arch and 

the depth of the preparation. It should be 

noted that a poor mechanical strength, it can 

be considered a weak point of dentinal 

adhesion. 

 Depending on how adhesive systems 

act on residual dentinal debris, they can be 

classified as follows [6]: 

1. Adhesives that leave intact dentinal 

debris remaining and incorporate it into the 

adhesive process (these systems were 

quickly abandoned due to low efficiency) 

2. Adhesives that modify the dentinal 

debris layer while retaining dentinal canals 

closed by "smear plug" 

3. systems that completely eliminate 

dentinal detritus 

4. adhesives that dissolve residual 

dentinal debris 

 Regardless of the type of dentin, 

proper adhesion occurs when the active 

surface has high energy, is highly wettable, 

the dental tubes are permanently sealed or 

obliterated, and the substances used have 

physicochemical and biological 

compatibility. Dentine can be conditioned so 

as to obtain a high energy surface by 

enamel-like mechanisms using concentrated 

acids, but the same results can also be 

obtained by using weak acids in low 

concentrations and acidic monomers. 

 The hybrid layer is obtained by 

replacing the minerals removed by acidic 

dentin etching with the adhesive monomers, 

which after polymerization remain 

micromecanically attached to the created 

porosities (Fig. 4). 

 The notion of hybrid layer was 

introduced by Nakabayashi et al. In 1982 

[7]. The formation of the hybrid layer is 

called hybridization, and takes place after 

the dentin acid etching, the exposure of the 

collagen fiber network and its impregnation 

by low viscosity monomers. 
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 Figure 4. The SEM image of the hybrid layer formed by the application of an acidic 

etching and washing adhesive system in three times [8] 

 

Three ultrastructural areas of the hybrid 

layer [7] have been described: 

- the top zone consisting of denatured 

collagen, spaced collagen fibers oriented 

towards the adhesive layer, interfiber spaces 

filled by the adhesive or the hybrid layer 

which may be covered by an amorphous 

mass; 

- the middle layer of the hybrid layer 

contains longitudinally and transversally 

sectioned collagen fibers separated by 10-20 

nm spaces; they have been occupied by 

hydroxyapatite, being filled after the 

hybridization by the adhesive; 

- the basal area of the hybrid layer 

characterized by a gradual or sudden 

transition to the underlying dentine. 

 The advantages of forming a hybrid 

layer are as follows: 

- The adhesion force is increased 

considerably, especially on wet, deep, with 

many canals dentin. 

- an acid-resistant coating is formed that 

seals the dentin surface and prevents the risk 

of secondary caries occurring; is an 

impenetrable barrier capable of opposing the 

action of external stimuli towards the pulp, 

while playing an important role in reducing 

postoperative sensitivity. 

- sealing of the odontoblasts, thus 

eliminating the postoperative sensitivity by 

preventing fluid penetration and pulp 

necrosis by opposing the penetration of 

microorganisms. 

 The hybrid layer (Fig. 5a, b) may be 

deficient and thus may compromise dentine 

adhesion. The formation of the hybrid layer 

is influenced by a number of factors as 

follows [9]: 

- excessive dentin engraving 

- dentine excess drying which can cause 

the collagen network to collapse, and thus 

penetration of the resin between fibers 

becomes ineffective 

- Contamination of dentin engraved with 

saliva 

- insufficient time of the primer (it is 

advisable to quickly dry with an air jet of the 

primer before polymerization) 

- increasing the viscosity of the primer in 
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the vial (it was not hermetically sealed) 

- a blowing of too much pressure (thus 

leaving too thin a layer of adhesive) 

- an incomplete polymerization 

 

          
a.                                                                                                  b. 

Figure 5. Demineralized dentin. Different hybrid layers (a, b) 

 

Discussions 

Current trends in the development of 

adhesive systems. Clinical aspects 

 There are currently opinions that 

somehow clarify the developmental 

tendencies of adhesive systems and which 

are based on the following clinical 

considerations:  

 - the identification and complete 

removal of the dentin is difficult, since there 

is no objective and reliable method of 

identifying it altogether; 

 - controlling the absence of bacteria 

in the dentinal substrate is difficult, so 

adding antibacterial agents seems to be a 

promising research direction; 

 - antimicrobial agents are added to 

the adhesive systems to ensure a biological 

seal of restoration, 

 - for many years, glutaraldehyde has 

been added to adhesive systems with 

antibacterial properties (e.g., Syntac-Ivoclar 

Vivadent; Gluma Bond-Heraeus Kulzer); 

due to the fact that glutaraldehyde can not be 

polymerized in the adhesive matrix, the 

antibacterial effect is retained after 

polymerization, the molecules not being 

bound 

 - Kuraray added a polymerizable 

monomer with antibacterial effects (MDPB 

(12-methacryloyloxydodecylpyridinium 

bromide)); the use of this monomer makes 

the adhesive system have a bactericidal 

effect before polymerization and 

bacteriostatic after polymerization [10, 11, 

12]. 

 - Platinum colloidal particles (CPtN) 

are currently being studied for their ability to 

reduce inflammation, prevent apoptosis and 

delay the aging process; it has been 

demonstrated that the use of CPtN-

containing adhesives in combination with 4-

META increases the strength of the adhesive 

interface twice (probably due to the high 

degree of polymerization); proving to be a 

powerful antioxidant in vitro, the addition of 

CPtN can also improve the biocompatibility 

of resin-based materials, and the addition to 

antibacterial adhesives containing 

quaternary ammonium compounds 

(especially 12-

methacryloyloxydodecylpyridinium bromide 
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(MDPB)) can increase clinical efficiency by 

improving adhesive properties and 

biocompatibility. 

 The study and analysis shows the 

need to deepen studies on adhesion 

resistance and cytotoxicity of antibacterial 

adhesives in combination with CPtN to 

investigate the possibility of using CPtN as a 

pretreatment to improve adhesion and 

biocompatibility of antibacterial adhesive 

systems as suggested in the literature [ 11, 

12]. 

Conclusions 

 The trend in restorative dentistry is 

the use of simpler and faster adhesive 

systems on hard tissue surfaces, so 

manufacturers have imagined "all in one" 

systems. However, none of the current "all 

in one" systems can compete with traditional 

systems in several stages, as some studies 

[13] suggest. 

 The causes of poor clinical 

performance of these systems are: 

- too hydrophilic systems that even after 

polymerization behave like a semi-

permeable membrane; due to the high 

concentration of solvent it is impossible to 

obtain a layer of suitable resin and without 

residual solvent; 

- During the evaporation of the solvent, 

the monomer / water ratio can be changed 

resulting in phase separation; 

- The acidic components of these 

adhesives can interact with the composite 

initiator by weakening the adhesion. 

Current research directions aim at the 

study of self-etching adhesives without 

solvents (they do not contain custom 

solvents such as acetone, ethanol, water, 

etc.). These prevent post-operative 

sensitivity and eliminate the drying stage for 

evaporation of the solvent. Excessive drying 

of the dentin can leave to dentinal 

desiccation and exposure of dentinal canals 

while insufficient drying can leave residual 

solvents in the resin, with irritation of the 

nerve endings in the dentinal canals, both of 

which result in sensitivity occurring. At the 

same time drying insufficiency can leave 

residual solvents, the adhesion forces being 

less and insufficient, and subsequent 

degradation of the adhesive interface can 

occur. 
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