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ABSTRACT  

Dental restorations must not only restore the morphology and the affected functions of the teeth, but it is also important 

that they do not exert negative effects on the health of the surrounding tissues. There are several different descriptions for 

biocompatibility in the literature. However, it generally refers to the ability of a material to produce an appropriate host 

response when applied as intended. Obviously, biocompatibility can be defined as the compatibility of a material with a 

living tissue/system in that it is not toxic, harmful, physiologically reactive or including immunological rejection. In 

addition, based on biocompatibility (reaction of the tissue to the biomaterial used), the dental biomaterials used can be 

classified as biotolerant, bioinert and bioactive . The application in the oral cavity of different types of classic or modern 

restorations made by different techniques and technologies can induce more or less important reactions, at the level of the 

whole organism, or limited to the level of the tissues with which they come into contact. 
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A wide variety of materials are used in 

dentistry, including filling materials (such as 

composites, amalgam, polymer monomers, 

cements), restorative materials, intracanal 

drugs, prosthetic materials, various types of 

implants (pure titanium, titanium alloys, 

zirconium), fillings, irrigants, as well as 

mouthwashes (such as antiseptics and anti-

plaque rinses) [1,2,3,4]. The increasing rate in 

the development of new materials with dental 

applications has led to an increased awareness 

of the biological risks and restrictions of these 

materials. 

The biocompatibility of a biomaterial 

used to replace or fill biological tissues such as 

dental units has always been of great concern 

in patient health care disciplines. On the other 

hand, dental personnel are also exposed to the 

risk of adverse effects caused by certain 

biomaterials. In the case of some biomaterials, 

the risks are even greater for staff than for 

patients. Some reports have shown cases of 

generalized neuropathy after fourteen years of 

contact and exposure to methacrylates for 

dental personnel [5,6,7,8]. However, biological 

and immunological adverse reactions attributed 

to dental materials are rare and most effects are 

not severe. However, this depends on the type 

of materials used and the technique used. 

[9,10,11]. 

As the main etiological factors worthy 

of consideration, we mention both the bacterial 

infection determined by the action of the 

retained biofilm on the surface of the 

restorations, as well as the mechanical irritation 

determined by incorrectly made, placed or 

contoured edges or the condition of the surface. 

It has already been established that a bacterial 

colonization is more frequently induced on the 

surface of restorations and on any unfinished 

area [12,13,14]. 

The explosion of a large number of 

materials introduced in restorative practice 

with variable composition often makes it 

difficult for us when choosing those with 

optimal qualities. This happens because each 

class of materials requires its own processing 

finishing and technology, which, if not 

respected, can compromise the advantages and 

performance of the material. The changes 

resulting from the technological processes in 

the structure or surface appearance of the 

materials not only negatively influence the 

mechanical resistance of the restorations, but 
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also question their biological qualities in the 

conditions of the oral environment [15,16,17]. 

Clinical experience also draws attention 

to possible adverse reactions in the presence of 

restorative materials with questionable 

physical qualities (metal alloys and acrylic 

materials, glassionomer cements, etc.), which 

creates difficulties in identifying the factor 

involved [18,19,20,21] . 

An important local adverse effect is 

irritation of the oral mucosa under or adjacent 

to a restoration. In an experimental clinical 

study, Austin and Basker documented a clear 

association between irritation of the mucosa 

under the prosthesis and the release of 

monomer residues. In addition to released 

substances, mainly methylmethactylates 

(MMA) and formaldehyde, microorganisms 

(e.g, Candida albicans ) can significantly 

contribute to the development and severity of 

denture stomatitis [22,23,24]. Furthermore, 

another clinical study of 22 patients suffering 

from painful mouth syndrome revealed an 

allergy to MMA in five cases, as well as an 

increased residual concentration of monomers 

in their prostheses.  

Three of these five patients became 

symptom free after receiving new prostheses 

with low residual monomer content. This was 

corroborated by the findings of four other 

patients in this investigation who had oral 

lesions (non-allergic) caused by the existence 

of residual monomers. Their symptoms 

disappeared after the "postpolymerization" of 

dental prostheses [25,26,27]. 

The gingival tissue reacts especially to 

the surface roughness compared to the 

composition of the material. Rough surfaces 

result in an accumulation of bacterial plaque 

and, consequently, significant gingival 

inflammation. The hypersensitivity reaction to 

these materials can also result in a degree of 

periodontal inflammation, but these reactions 

are rare. The most important hypersensitivity 

reactions occur with non-noble materials (Cr-

Co) [28,29,30]. 

 

 
Fig.1 A-Expression levels of human leukocyte antigen-DR in the oral mucosa epithelium of 

the normal gingival tissue and gingival tissue of patients with alloy restorations.B- Compared with 

normal gingival tissue, HLA-DR positivity was increased in the alloy restoration groups [31] 

 

When the edge of the restoration is 

placed away from the gingival margin, it 

presses on the attachment apparatus affecting 

the biological width. 

 Placing the edge of the restoration in 

depth induces a persistent gingival 

inflammation, with the appearance of 

periodontal pockets. The biological width, 

measured between the junctional epithelium 

and the connective tissue, of approximately 2 

mm in most individuals, remains constant in 

most cases. The traumatized bone resorbs in its 

attempt to accommodate and restore the 

biological width. That is why it is imperative to 

have a space of approximately 3mm between 

the apical edge of the restoration and the crest 
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of the alveolar bone [32,33]. 

Glazed surfaces do not prevent bacterial 

colonization, but favour plaque removal during 

the period of time in which the glazed layer 

remains intact. The cracking of the glazed layer 

causes the appearance of microretentive areas 

that favor the accumulation of plaque. But it is 

essential that the patient be trained in oral 

hygiene rules and use cleaning products with 

increased efficiency, which prevent the 

formation of bacterial plaque[34,35]. 

Obtaining a smooth surface with a 

diacrylic restoration is difficult to achieve due 

to the structure because, by applying a 

conventional finishing technique, a rough 

surface results due to the protrusion of 

inorganic particles. A solution would be to use 

abrasive systems with fine particles, which 

have high hardness, or to compress the resin 

during polymerization with a matrix or cap, to 

avoid the appearance of a bumpy surface[36 

37]. 

 

An important implication was established 

between the roughness of overcontoured 

ceramo-metallic restorations and periodontal 

disease. Not only the processing method, but 

also the technological or polymerization 

method can influence the surface appearance. 

For example, using the porcelain finishing 

protocol produces the same effect on the 

surface as glazing for ceramics (values of 2.68 

µm for glazing and 3.03-2.98 µm for 

polishing). The roughness of LASER-treated 

ceramics can be measured using a profilometer 

or spectrophotometer. Also, attempts are made 

to determine the roughness with the help of 

optical sensors[18,19,20]. 

 

 
 

Fig.2 Aspects of SEM photographs of study groups at magnification of X500 roughened areas for 

CO2 and micro cracks for ER-YAG laser were shown with arrows  [38] 

 

 

 

The investigation of the roughness of 

different restorative materials at the level of the 

oral cavity is justified by the fact that, in the 

oral environment, the materials are constantly 

subject to a degradation process, due to both 

physico-chemical processes (corrosion, liquid 

infiltration), microbial attack and masticatory 

pressures, with the appearance of the so-called 

"aging phenomenon"[39,40]. 

In the conditions of the oral 

environment, chemical or electrochemical 

corrosion is dependent both on the structure of 

the alloys or on the salivary electrolytic 

balance, as well as on the state of the surface of 



183 
 

the alloys and the clinical conditions at this 

level. Thus, the less polished areas are quickly 

covered with bacterial plaque, becoming 

poorly aerated anodic areas that lead over time 

to the appearance of corrosion, or even to inter 

and transcrystalline cracks. Added to this are 

the internal stresses that arise as a result of the 

processing process with the appearance of the 

phenomenon of stress corrosion [41]. 

 

Human clinical testing is generally 

recognized as the “gold standard” for 

evaluating any dimension of dental material 

performance, including biological response. 

Given the complexities, flaws, and limitations 

of current testing strategies to assess biological 

responses to new materials, alternative 

strategies are needed [42]. 

 One possible strategy is based on an 

initial assessment of the hazard and risk 

associated with a new material, followed by 

controlled human trials, followed by approval 

for general market use. After approval for the 

market, ideally, all materials would be 

continuously evaluated by clinicians using 

national and international surveillance 

databases of adverse event reports; this type of 

surveillance is already used effectively in some 

parts of the world (eg in the European Union). 

Problems that were not apparent during initial 

clinical testing could be identified in this way 

during clinical practice. Such a system could 

require clinicians to report adverse events to a 

government agency as a prerequisite for license 

to practice and as an ethical obligation to the 

profession [43]. 

 

 

The addition of Cr can decrease the 

elasticity and tenacity of the alloys, giving it a 

surface appearance that favors intercrystalline 

corrosion over time [44]. Also, there are 

structural changes, namely abrasions, 

superficial technological defects (pores, cracks 

and voids) that represent areas of different 

aeration with organic retention and low 

salivary circulation, with the formation of 

galvanic micropiles and the formation of 

electrochemical corrosion. 

 

 It can therefore be said that, under the 

conditions of the oral environment, all 

restorative materials have a tendency to 

corrode, to eliminate ions and therefore, to 

form compounds whose properties are different 

from those of the basic compounds, when the 

measures are not taken appropriate for 

obtaining optimal surfaces [45]. 

 

 Immediately after finishing, there are 

minimal changes in the surface roughness, but 

the increase in both the intensity and the time 

period since performing this work is evident in 

the surface of each material . 

The results of the measurements, 

depending on the finishing method, of some 

restorative materials evaluated by the ANOVA 

test sometimes highlight statistically 

significant differences, influenced by the 

texture of the abrasive materials used, but also 

by the structural elements that influence the 

qualities of the surface layer. Analyzing the 

average roughness (Ra) for each individual 

sample, a reduction was found statistically 

significant (p≤ 0.05) through the finishing and 

fine polishing procedures. The roughness 

noticed in most of the tested materials (Ra > 0.7 

microns) indicates the optimal possibility of 

plaque accumulation (0.2  is considered the 

limit value for bacterial plaque adhesion) [46]. 

 There are current studies in which 

emphasis was placed on the notion of 

roughness, a deviation from normal in relation 

to an ideal surface, produced at the 

microgeometric level. Encountered both at the 

level of the dental structure and at the level of 

direct composite or prosthetic restorations, 

roughness is the result of the interaction of 

multiple factors that associate the quantity 

(type, size and distribution of particles) with 

the quality and type of processing, or, in other 

words, it represents the effective material link-

tooth at the interface level. The size of the 

roughness influences the quality of the 

restoration. Thus, an important roughness is 

responsible for the loss of the aesthetics of the 

restoration by losing its gloss, and, at the same 

time, it represents a biological disadvantage, 

because, through the accumulation of bacterial 

plaque, it determines the consecutive increase 

in the risk of dental caries and periodontal 

inflammation, consequently influencing oral 

health (if its value exceeds 0.2 mm)[47,48]. 

The roughness height represents an 
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estimate of the surface quality, the horizontal 

aspect not being taken into account when using 

this parameter. It was also proposed to 

determine the L/R ratio - the existing ratio 

between the length L of the contour profile and 

the height R of the roughness (this ratio being 

based - at the same time - on both the vertical 

and horizontal dimensions of the roughness) 

[31 ]. The roughness is an average between the 

minimum and maximum values of the 

asperities of the profile. But to detect the 

evolving behavior, it appears necessary to 

evaluate not only the height, but also the shape 

of the roughness, how sharp or rigid the 

asperity is [49]. 

 

 

The electromyographic results indicate 

that, between the surfaces of the materials 

subjected to various polishing methods, there 

are differences that must be correlated with the 

composition of the materials, the percentage of 

monomer-polymer conversion during 

polymerization, the size of the particles, etc. At 

the time of finishing, Ra is influenced by the 

phases that appear in the abrasion process; thus, 

initially a selective wear occurs in the organic 

matrix, which causes the exposure of inorganic 

particles; subsequently, the mechanical stress 

dislocates these particles from the matrix, a fact 

also observed in the EMG images. The 

profilometric analysis confirms that the use of 

diamond stones (of 30 µm) determines a rough 

surface that favors the accumulation of 

bacterial plaque [50]. 

Considering the roughness variations 

between the restorative materials, it is 

recommended to use polymerization under 

pressure and with matrices, considered more 

appropriate from the point of view of the 

biological aspect. 

Induction of DNA damage by an agent 

refers to the genotoxic effects of the chemical. 

Due to the reciprocal relationship between 

genotoxicity and carcinogenesis, it is necessary 

to clarify the potential genotoxic effects of 

dental materials for both patients and medical 

personnel. Dental materials have been 

classified as medical products since 1995. 

Thus, it is crucial according to national and 

international guidelines that medical devices - 

either recently developed (still in testing) or 

currently used in practice - are confirmed for 

their biocompatibility and their toxicological 

profile. Genotoxicity is among the important 

adverse effects of chemicals. Since most dental 

materials release small amounts of several 

elements into the oral cavity, appropriate 

regulations must ensure that concern about the 

likely genotoxicity/mutagenicity of dental 

materials is nil or at least minimized [32]. 

 

It should be emphasized that many of 

these materials remain in the oral cavity for 

long periods of time. The genotoxic effects of 

some dental materials, such as whitening 

agents, are well known because they contain 

hydrogen peroxide. The occurrence of 

oxidative stress through the increase of 

oxidizing agents directly induces DNA damage 

and mutations. Commercial products of tooth 

whitening agents have been shown to have the 

potential to be genotoxic in hamster ovary cells 

and to cause lymphoma in experimental mice 

[33]. Toothpastes containing whitening agents 

have also been shown to exert genetic damage 

in human gum cells. Dental restorative 

materials such as bisphenol A have been able 

to produce DNA denaturations in various 

human cells in vitro [34]. The protective role of 

antioxidants such as melatonin in reducing 

genetic damage mentioned above suggests the 

essential role of oxidative stress in the 

mechanism of genotoxicity of dental materials 

[35]. The compounds used in endodontics have 

also been the subject of extensive studies in the 

context of genotoxicity in several in vitro 

experiments [36]. However, extensive studies 

and the use of clinical tests are needed that will 

provide a road map for the dentistry of the 

future. 

 

 

A wide range of biomaterials have been 

used over time in dental and maxillofacial 

implantology. They can be classified as pure 

metals and alloys, polymer-based materials, 

ceramic masses, glass-based masses and 

carbon . As in all cases of implantable devices, 

the requirements regarding the materials used 

vary but can generally be classified under the 

aspect of biocompatibility, biofunctionality 

and availability. Biocompatibility refers to the 

interactions between materials and tissues, 
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being one of the most important factors 

involved in the selection of materials . 

Biofunctionality considers the mechanical and 

physical properties that allow the implant to 

perform its function under the stress induced in 

the oral cavity. The availability refers to the 

manufacturing and sterilization technique of 

the implants [37] . 
 

In the categories of types of implant 

materials stated above, the reduced mechanical 

resistance of most of them (ceramics, 

polymers, carbon) leads to an increase in 

susceptibility to fracture. At the same time, the 

biocompatibility below the current standards of 

some of the materials (such as stainless steel, 

chromium-cobalt alloys) prevents their use in 

dental implantology, because they induce the 

formation of a fibrous bond with the bone [38] 

. Currently, the most popular material for 

implants is pure commercial titanium and some 

of its alloys, especially for a number of physical 

and mechanical properties and for its 

biocompatibility. 

 

The biocompatibility of the implant 

materials regarding the bone tissues, which 

allow effective mechanical anchoring, is still 

not sufficient; dental implants, crossing the 

barrier of the oral mucosa, should also present 

biocompatibility with the adjacent soft tissues, 

forming the gingival-epithelial sleeve effective 

against the penetration of bacteria [39]. 

 

 

At the moment, the only materials that 

have demonstrated their biocompatibility at the 

gingival level are titanium, aluminum and 

zirconium oxide. Titanium is mainly used for 

areas that do not require special aesthetics, 

because through transparency it could lead to 

the appearance of a gray contour along the 

gingival margin [40]. 

 

Since the Frialit implant system made 

of polycrystalline aluminum oxide did not live 

up to the expectations of long-term stability, it 

was withdrawn from the market and replaced 

by the Frialit-II titanium system [41] . 
 

Another alumina implant system was 

the Bionit implant system, which was 

developed by Muller, Piesold and Glien. 

However, there is limited information from 

laboratory studies and no results from clinical 

investigations regarding the long-term 

behavior of this implant system [42]. 

There is more scientific evidence 

supporting the use of single crystal alumina 

(sapphire) oral implants. Numerous implants of 

this kind have been analyzed over the last 20 

years in animal studies but also on human 

subjects . These materials have been proven to 

be biocompatible [43, 44, 45] . One such 

implant type was Bioceram (manufactured by 

Kyocera), with results reported after 5- and 10-

year follow-up periods. The authors placed 28 

implants in the mandible in 17 patients. 6 

weeks after the application of the implants, 23 

of them were included in the fixation of the 

prostheses with distal abutments. 21 out of 23 

implants could be revisited after 10 years. The 

authors reported an 81% success rate. It should 

be noted that these 2 investigations were 

included in a report on the survival and 

complications of partial prostheses with mixed 

dental-implant support. Survival rates were 

75.7% and 64.7% after 5 and 10 years, showing 

lower success rates compared to titanium 

implants [46,47]. 

Another study on the long-term 

behavior of sapphire implants was presented by 

Fartash and Avidson. They studied the 

Bioceram implants in the treatment of total and 

partial edentacy through fixed prostheses. The 

implant system was applied to the mandible. 

The 10-year success rates were 100% for 

restorations with mixed dental-implant 

support. The same investigation by Fartash and 

Avidson was included in another review by the 

same group that included implant-supported 

fixed prostheses. Survival rates were 96.6% for 

Bioceram implants. The results were similar 

when compared with titanium implant systems 

(in the case of mixed dental-implant support) 

[48]. 

 

 

In another report, Bioceram implants 

were used to support a mandibular overlay 

prosthesis . The authors presented results in 30 

patients who reported a survival rate of 69% for 

an observation period of 11 years. The authors 

concluded that the long-term results with this 
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implant system, which is used for the 

realization of overlay prostheses, are inferior to 

titanium implant systems . 

Fartash and Avidson (1997), sapphire 

implants presented inferior results to titanium 

ones, which is why this implant system was not 

accepted. Those who produced this system 

claim that Bioceram oral implants are no longer 

available on the market [48]. 
 

Therefore, the reason for the 

withdrawal of some alumina implant systems 

from the market remained unclear. It can be 

assumed that the reluctance of dentists is 

related to the increased risk of fracture of 

ceramic implants[49]. 

 

There have been attempts to find harder 

ceramic materials for oral implants other than 

alumina. Zirconium was introduced into 

dentistry in 1990 and is currently used as a 

material for pivots, framework for dental 

crowns and bridges and for implant abutments 

[50]. 

 

An extremely important aspect is the 

interface between biocompatibility testing and 

other material properties. Currently, the 

biological response is mostly evaluated "post 

factum", after a material is already quite 

advanced in the development process. While 

this strategy is understandable, it is a major 

strain on the success of biological testing and 

puts additional pressure on manufacturers, 

marketing departments and academics to make 

sometimes uncomfortable decisions with huge 

financial consequences. It would be ideal to 

temporarily integrate biological testing with 

material development to the extent 

possible[51]. 

Such a trend seems reasonable, especially since 

dental materials fulfill therapeutic roles and in 

the testing of biological responses, special 

emphasis is placed on safety as well as on 

effectiveness. In dentistry, there is a significant 

variety of materials used to significantly 

improve patient health[52]. 

 

The current biocompatibility prediction 

and assessment system, even with its 

weaknesses and difficulties, has guided us in 

providing materials for safe clinical use. 

However, we are facing with a revolution of 

new biomaterials, many of which can be used 

to treat oral diseases. 

 Materials will become as much therapeutic as 

they enter the structure of one's own tissues, 

and the needs for biological testing will extend 

beyond safety[53].  

As these exciting changes unfold, the demands 

for accurate and efficient biological 

assessments will increase, and it will likely be 

necessary to restructure the way we currently 

quantify and predict biocompatibility. 

 

The biocompatibility of materials used 

in dentistry is a current topic, given the 

permanent appearance of new or improved 

materials from a biomechanical and economic 

point of view, but these characteristics do not 

always guarantee their biological success. The 

use in current practice of various metallic and 

non-metallic materials with improved 

perspectives after manufacturers' research 

requires a detailed study of the phenomena of 

tissue adaptation, local integration and the 

body's general response to these materials. The 

scientific observations of the last decades have 

provided a series of answers, and the clinical 

experience accumulated through the 

observation and study of patients has allowed 

the most rigorous establishment of some 

application conditions in individual clinical 

situations of certain dental materials[54]. 

 

 At the present time , great emphasis is 

placed on the patient's immune response 

regarding the integration or not of certain 

materials in his eosystem, with particular 

importance on the integration of implant 

materials.  

In the end, this tissue response is of 

particular importance both from the point of 

view of the success of the therapeutic act and 

the quality of the patient's life. 
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