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Abstract: In restorative dentistry, in situ replication of intra-oral situations is based on a method of evaluating 

non-invasive and non-destructive scanning electron microscopy (SEM). SEM is one of the electron microscope 

technique that produces images of a sample by scanning the surface with a focused beam of electrons. The 

technique has multiple indicationsand also is suitable for investigating restorative materials, dental hard and soft 

tissues and their interfaces. Biomaterials are now widespread in general, either for therapeutic purposes or in the 

supply of missing biological structures. The environment of the oral cavity into which biomaterials are 

introduced is very complex. It can be variable depending on the salivary pH but also depending on the general 

pathology and the medication administered to the respective patients. Since its inception and introduction in 

dental research electron microscopy has a wide range of applications involving dental biomaterials. 

Keywords: scanning electron microscope, biomaterials, dental tissues. 

 

INTRODUCTION 

Biomaterials are now widespread in 

general, either for therapeutic purposes or 

in the supply of missing biological 

structures. In the context of society 

development, theoretical and practical 

interest of researchers was drawn to the 

important role that biomaterials have 

gained in everyday life in their applications 

in many medical and surgical fields: plastic 

and reconstructive surgery, cardiovascular 

surgery, orthopedics, ophthalmology, 

otorhinolaryngology, algesiology, 

metabolic diseases, oro-maxillo-facial field 

[1,2,3]. The properties of the materials 

used must respond optimally to the 

requirements related to the function for 

which they are implanted [4,5]. At the 

same time they must satisfy first of all a 

series of biological constraints expressed 

essentially by the biocompatibility 

property, which means the sum of 

properties capable of ensures the 

stationary, integration and long-term 

functioning of biomaterials in the tissue 

where they were implanted and in the 

absence, both locally and remotely, of 
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allergic, toxic reactions, thrombosis, 

inflammation (with or without infections) 

or induction of neoplasms [6,7]. In other 

words, it became imperative from the very 

beginning the need to create 

"biocompatible" materials, accepted and 

integrated by host tissues without 

unwanted effects and at the same time able 

to help solve the three major goals in 

modern dentistry such as prevention, 

correction and restoration, with few dental 

procedures today using at least one dental 

biomaterial [8]. The environment of the 

oral cavity into which biomaterials are 

introduced is very complex [2,3,4]. It can 

be variable depending on the salivary pH 

but also depending on the general 

pathology and the medication administered 

to the respective patients [9]. The 

modifications of salivary pH could be also 

caused by the influence of bacteria, 

enzymes, hormones and other factors [10] . 

Biomaterials can come in contact with 

saliva which is the vehicle and acts as an 

electrolyte allowing the exchange of metal 

ions. There are undesirable situations when 

corrosion, galvanic phenomena, disorders 

of taste sensitivity, allergic phenomena,  

may occur. Corrosion includes a series of 

processes, chemical and electro-chemical 

reactions through all the metals, passes from 

the initial to a modified status [11,12]. 

Insufficient investigation of various 

biomaterials can lead to a number of 

manifestations in the oral cavity such as 

allergies or inflammation. Obviously for 

the materials to succeed, they have to be at 

least biocompatible and should be able to 

bond with teeth or bone [13]. This explains 

the interest of the studies for the extension 

of the list of techniques for investigating 

the surface of biomaterials, quite precise 

results being obtained with complementary 

techniques applied in numerous researches 

[2,4,5].  

BIOMATERIALS FOR DENTAL 

THERAPY 

Most of the dental materials are 

used in direct and indirect restorations 

[3,4,5]. They must meet the rigors of 

promoting standardized physical, chemical, 

mechanical, biological and clinical tests 

corresponding to the purpose of 

implantation [14]. Clinical dental practice 

involves not only knowing the technology 

of obtaining and applying dental 

biomaterials, but also knowing the 

processes of integration of these materials 

into host tissues using the notions and 

research data provided by biology, 

biochemistry, cell and tissue physiology, as 

well as and immunology [2,3,4]. There are 

several classifications of biomaterials for 

dental therapy and restoration in use [15]. 

Depending on the composition and 

structure there are four categories of 

biomaterials: metals, ceramics, polymers 

and composites. 

Experience in clinical practice has 

clearly shown that the oral environment, 

both physiological and pathophysiological 

is a hostile and even aggressive 

environment for restorative dental 

materials [5]. The presence and action of 

oral bacteria, the corrosive properties of 

saliva, intense, repeated and abrasive 

mechanical stresses related to food, the 

presence of chlorides, chemicals in food 

and sometimes drugs (eg the presence of 

delayed-release therapeutic systems in the 

oral cavity, such as drugs  for combating 

coronary angina attacks or recent 

preparations with oral adhesive properties 

in the fight against various clinical forms 

of chronic pain), thermal variations, acid 
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regurgitation, are factors that can affect the 

resistance of biomaterials. Most dental 

biomaterials come in contact with 

numerous and different tissues of the oral 

cavity such as enamel, dentin, dental pulp, 

periodontium, salivary secretion, tongue, 

internal surface of the cheeks, alveolar 

bone, jaw bones. To some extent, the 

initial tissue and salivary reactions (if any) 

to the presence of biomaterial are, as 

mentioned physiologically, as normal 

manifestations in the local and general 

tolerance and cellular adaptation response, 

but when the amplitude and consequences 

of this response presents significant 

inconveniences for the patient and/or for 

the doctor, they cross the thin, fragile and 

sometimes relative line between 

physiological and pathological. The local 

and distant or even systemic reactions that 

may occur depend on the chemical 

composition of the materials used, their 

properties and kinetics of degradation, 

absorption and tissue accumulation in the 

extracellular and/or intracellular space. If 

allergic reactions to biomaterials are dose-

independent (manifestations are possible in 

people with allergies even at very low 

concentrations), toxic reactions are instead 

dose-dependent.  

The most common manifestations 

of the body's reactivity to applied dental 

restorative biomaterials (if  they occur) are 

allergic, often biomaterials containing 

common allergens such as mercury, 

phenylpropene, chromium, cobalt, 

formaldehyde or resin-based components 

[16]. The presence in the biomaterial of an 

allergic or toxic component does not 

necessarily mean the occurrence of an 

adverse event, demonstrating by type-

studies the possibility of not triggering an 

allergic reaction even under conditions of 

known hypersensitivity, but only if the 

conditions of a cumulative process are met 

("critical mass ‖) of factors favoring such a 

reaction [17].  

A contextual and important oral 

biological factor is the biomaterial 

adhesion index of oral bacteria and fungi. 

The presence of bacterial biofilm is found 

not only on living substrates, but also on 

the surface of some biomaterials. In 

conditions such as periodontitis, a disease 

initiated by the dental biofilm, significant 

increase in proinflammatory cytokines 

occurs [18]. Factors influencing the 

bacterial adhesion process are mainly 

directly related with the substrate (its 

physico-chemical structure, 

hydrophobicity, surface energy) but also 

depend on the bacterial cell (its surface 

hydrophobicity, potential virulence factors) 

as well as environmental factors (pH, 

composition of the environment, culture) 

[19]. The surface of the biomaterials 

introduced into the oral cavity is obviously 

devoid of self-defense and under these 

conditions prosthetic materials for example 

can be the preferred object of bacterial 

contamination, a process that can 

sometimes explain the failure of the 

implant. Bacteria have a great adaptive 

capacity to colonize the surfaces of bio-

materials even if they are considered inert 

[20]. In reality they are inert only in terms 

of the fact that they can not serve as 

nutrients for bacteria, but can instead 

provide physical support for them. 

Moreover, biomaterials are physically-

chemically active structures and can 

directly modulate the bacterial adhesion 

capacity and can influence the defense 

mechanisms of the oral cavity. Such as 

methacrylate, present in various types of 

dental prosthetic biomaterials and resistant 
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to bio-erosion due to the porous structure, 

instead offers large (additional) surfaces 

for fixing microbes precisely due to this 

porous structure with enlarged surface, 

while ceramics and glass-ceramics (having 

crystalline structures), as well as metals, 

are in compared to polymers much less 

colonized by bacterial biofilm [21]. 

Genneraly, the most used methods 

for the structural analysis of dental 

materials can be carried out on a Fourier 

transform infrared spectrometer (FT-IR), 

the transmission electron microscope 

(TEM) and the scanning electron 

microscope (SEM) for elemental analysis  

to assess the morphology [22]. Thoses  

techniques represents   a valuable help for 

characterising and promoting biomaterials 

used in many dental and oral surgery 

procedures, with a hight impact in the 

improving the quality of life. 

 

SCANNING ELECTRON 

MICROSCOPY AND DENTAL 

RESEARCH 

In restorative dentistry, in situ 

replication of intra-oral situations is based 

on a method of evaluating non-invasive 

and non-destructive scanning electron 

microscopy (SEM). A SEM is one of the 

electron microscope that produces images 

of a sample by scanning the surface with a 

focused beam of electrons [23]. The SEM 

principle is based on the strike of the 

generated and focused fine electron beam 

that penetrates through the surface of a 

sample. The emitted electrons from the 

electron shells and photons from 

biomaterials, that were collected and 

detected, are signals that contain the 

information about the sample's surface 

structure, composition, and electrical 

conductivity [24].  SEM devices can 

generate different images depending on 

whether secondary electrons 

(―backscattered electrons‖) are detected. 

The elastically scattered electrons are 

returned to the primary material from the 

surface so a contrast between regions of 

different composition is achieved. In this 

way, accurate information about the 

morphology of analyzed biomaterials 

could be obtained [24]. The technique is 

suitable for investigating restorative 

materials and dental hard and soft tissues 

and their interfaces. SEM is one of the 

most widely used methods in the 

characterization of biomaterials, with 

magnifications from 10 × to more than 

300,000 × [25]. 

Since its inception and introduction 

in dental research SEM has a wide range of 

applications involving dental biomaterials 

and dental hard or soft tissues such as: 

evaluation of micro cracks/gaps and 

deformities in biomaterials and dental hard 

tissues, details of surface topography and 

roughness of different dental biomaterials 

/dental hard tissues, details of subsurface 

structures of dental hard tissues/dental 

biomaterials, differentiate various dental 

hard tissue and biomaterial structures, 

evaluation of bonds between various 

biomaterials and 

structures [26].  

In evaluation of dental biomaterial 

SEM was applied to estimate the marginal 

integrity of bonded resin composite fillings 

for posterior teeth to enamel and dentine 

[26,27]. The aim of the study was the 

forming of dental glass-ceramics to 

generate bioactive actions around the 

margins of restorations and to provide a 

bioactive surface which can lead to 

attachment of periodontal tissue, contribute 
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to a complete seal of the marginal gap 

between tooth and fixed prosthesis. SEM 

assisted in the foundation of the feasibility 

of the new composite material to be 

applied as coating on the base porcelain as 

well as the bioactive behaviour of the 

fabricated coated specimens [28,29]. In the 

development of a novel surface 

modification for improved bonding to 

zirconia. SEM were used to evaluate and 

quantify failure surfaces [30]. SEM can 

also be applied to identify 

micromorphological alterations at the 

interface between enamel/dentine and the 

dental composite biomaterial and also used 

for measuring the in vitro resorption of 

dental hard tissues [31]. 

 

CONCLUSION 

In conclusion, what must be 

provided physiologically primarily to a 

biomaterial is the evaluation and 

monitoring of its biocompatibility 

property. Tolerance (acceptance) under 

physiological conditions and integration of 

a biomaterial depends decisively on its 

biocompatibility, and this in turn of that 

value. reduced surface tension to ensure as 

little surface adsorption of tissue proteins 

as possible. The biocompatibility of dental 

materials can be optimized through 

techniques that aim to increase the degree 

of acceptance and tolerance by the body, 

durability over time and maintain the 

therapeutic biomedical efficiency or 

supply. Given the major dependence of  

biocompatibility on protein adsorption on 

the surface of biomaterial, as well as the 

fact that one of the most important 

physiological factors on which this 

adsorption depends is the physico-

chemical characteristics of the implanted 

material (especially interfacial tension), 

and having in view also of the fact that 

from the biomaterial-blood couple it is 

possible to act only on the biomaterial, it 

inherently results that the improvement of 

the biocompatibility results from the 

optimization of its structure and surface 

characteristics.   

SEM techniques are still considered 

to have limitations but despide of that it 

seems to be one of the indispensable tool 

in dental research and developement and is 

clear on the list of techniques for 

investigating the surface of biomaterials. 

Through his capacity for high 

magnification SEM is consider to improve 

health, aesthetics and cost in dental 

research and clinical field. 
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