
Romanian Journal of Medical and Dental Education 

Vol. 9, No. 3, May - June 2020 

 

67 
 

FACTORS THAT INFLUENCE THE TRIBOLOGICAL BEHAVIOR OF 

HARD DENTAL STRUCTURES 

Adina Oana Armencia
1
, Irina Gradinaru

1
, Ana Lese

2
, Carina Balcos

1
, Loredana Hurjui

3
, 

Ramona Feier
1 

 
1
University of Medicine and Pharmacy”Grigore T. Popa”- Iaşi, Faculty of Dentistry 

2
University of Arts “George Enescu” Iasi, Faculty of Visual Arts and Design 

3
„Grigore T.Popa‖ University of Medicine and Pharmacy, Faculty of Medicine, Iasi, Romania 

      

Corespondent authors: carinutza2005@yahoo.com, loredanahurjui@gmail.com,      

                                      analese2000@yahoo.com  

 

ABSTRACT 

Dental wear, including erosion, abrasion, attrition and abrasion, is considered the consequence of a prolonged 

imbalance in the oral cavity between factors that favor the demineralization of enamel or dentin and protective 

factors. 
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    Losses of dental hard substance, other than 

those of carious or iatrogenic etiology, 

represent, in physiological conditions, natural 

processes of adaptation, manifested 

throughout life, pathological significance 

acquiring only those rough forms, which 

decompensate the possibilities of adaptation of 

the stomatognathic system. In a pathological 

context, dental wear (manifested in the form 

of abrasion, attrition, erosion and, more 

recently, abfraction) has a multifactorial 

etiology involving the mutual influence of 

several specific local and general etiological 

factors, which are associated with tooth 

substance loss; often, they do not act alone, 

but in association, a fact reflected by the 

lesional clinical aspect which, more than once, 

comes in the form of lesional associations (1, 

2, 3).   

All the elements of the stomatognathic 

system participate in the appearance of the 

dental wear process, a system considered to be 

the most complex of the human organism, 

both in terms of its morphological components 

and its functionality. 

Along with other components of the 

system, the teeth actively participate in the 

performance of all the functions it performs. 

Hard dental structures are subjected to 

various pressures during the masticatory act, 

which shows that the analysis and study of 

their hardness is very important to understand 

how the masticatory forces are distributed on 

the tooth, as well as how different factors such 

as: age, local or general pathology and various 

coronary reconstruction processes, can change 

their structure, resulting in the appearance of 

the wear process; there is a close link between 

the appearance and evolution of the wear 

process, on the one hand, and the mechanical 

properties of the tooth (for example stress 

resistance) on the other hand, the 
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microhardness playing a particularly important 

role here (4, 5).  

The enamel prisms constitute the 

architectural unit of the enamel, the prism 

groups inclining to the right or to the left at a 

different angle from that of the adjacent prism 

groups, which gives the enamel resistance to 

the action of masticatory forces. When the 

tooth is subjected to overload, fractures occur 

along these prisms. At the level of the cusps 

and the incisal edge, the prisms are arranged 

irregularly, forming the so-called “gnarled 

enamel”, a disposition that confers an 

increased resistance (6, 7). 

The mineralized collagen fibers in the 

matrix of the inter-tubular dentin form a 

“felt”-like structure, located perpendicular to 

the axis of the tubules.  In 2000, Palamara et 

al. highlights the fact that this structure of the 

dentin is able to create the anisotropy 

corresponding to the mechanical properties, 

which influences the appearance and evolution 

of the wear process (8, 9). 

The amelo-dentinal junction is known for 

its unique biomechanical properties, which 

are, in fact, a barrier to cracks that lead to 

defects in brittle enamel. The junction is itself 

a three-dimensional “festoon”-shaped 

microstructure arranged along the interface. It 

is, from an anatomical point of view, a narrow 

functionally graded region, where the enamel 

and dentin close the interface, with small 

microstructural differences and properties that 

explain their frictional behavior (7, 10). 

It serves to transfer apical loads (eg 

masticatory impact) from enamel to dentin, 

while inhibiting the spread of cracks in the 

enamel and then in the dentin, cracks that can 

lead to significant fractures in dental 

structures. Although there are numerous 

attempts to explain this behavior, including the 

fact that the enamel-dentinal junction is more 

resistant than the overlying enamel or dentin, 

although it is less mineralized and has a higher 

collagen content; it is unanimously accepted 

that it can reduce the concentration of stress 

along the interface (11,  12). The resistance of 

this region depending on the factors acting at 

this level, resistance ranging from 336 J / m-2 

to 988 J / m-2, with the release of a critical 

energy of effort, at an intensity of a critical 

stress that varies from at 0.6 - 0.9 MPa to 3.4 

MPa (12). 

There are a number of studies that try to 

explain changes in the dentin-cement junction. 

Thus, the inner part of the cement is attached 

to the root dentin, in which, unlike cement, the 

inorganic phase (apatite) predominates. The 

composition of dentin is mainly a mixture of 

collagen and apatite, along with a small 

amount of non-collagen proteins. The 

structure of the cement is similar to that of the 

bone, having a lacunar-canalicular system, 

which surrounds the surface of the root dentin 

(Fig. 1). 

 

The mechanical properties of cement, 

evaluated by Malek et al. in 2001, shows a 

modulus of elasticity ranging from 3.99 GPa 

Figure 1.  AFM aspects of the dentin-

cementar junction [12] 
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to 9.9 GPa and a hardness with limits in the 

range of 0.29 GPa-59 GPa. A review of the 

results obtained in 2003 by Kinney et al, 

shows a modulus of elasticity attributed to the 

coronary dentin of 0.29 -0.68. The structural 

and chemical composition differs between 

cement and dentin, causing statistically 

significant differences between the mechanical 

properties of these tissues (12, 13). 

However, Yamamoto et al located at the 

junction, using the method based on the 

principle of digestive enzymatic maceration, a 

wide area of 1-3 μm containing proteoglycans, 

which has a structure related to proteins in 

enamel and dentin, showing that this adhesive 

layer is formed as the first bond between 

cement and dentin. It is also added that the 

connection between collagen fibers at this 

level is very important (13). 

It is well known that the rough interface 

between materials with different mechanical 

properties contributes to the concentration of 

stress at this level. This suggests that the 

interface described by Yamamoto et al. it is 

not suitable for the biomechanical distribution 

of stress. Hence, in his study, launches the 

hypothesis that the junction is a large area 

with low mechanical properties, associated 

with an increased organic content. 

Depending on the environmental conditions 

(wet or dry) the mechanical response can 

become so important that important changes 

occur in all mechanical responses of the 

tissues (14).  

However, at the junctional level, the visco-

elastic properties are much more important 

than at the level of dentin or cementum, 

because, as already mentioned, it is 

predominantly composed of hydrophilic 

organic constituents. Given all these structural 

aspects, studies related to tooth hardness are 

quite difficult to perform due to the 

particularities of enamel and dentin or due to 

the prismatic shape of the enamel-dentin 

junction, which leads to different values of 

hardness (Fig. 2). 

 

 

 

 

It has been reported that at the level of 

healthy tooth enamel, the value of hardness, 

mineral content and density gradually decrease 

from the surface to the junction. Specifically, 

in 2003, Kodaka et al., found a correlation 

between the hardness on the Vicker scale and 

the phosphorus concentration in the enamel, 

but no connection with that of calcium. They 

reported that the values of Vicker hardness, 

respectively the concentrations of calcium and 

phosphorus decrease considerably from the 

tooth surface to the middle area and then to the 

inside of the tooth (4, 14).  

There are also variations in dentin 

hardness. Due to the large size of the 

microcracks in relation to the dentin 

microstructure, these variations will be caused 

Figure 2 Mechanical response to various 

loads of dentin, cementum and junction 

in: a. dry environment; b. wet 

environment [14] 
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by the difference in density of the dentinal 

tubules with different locations. The 

difference in enamel-dentin hardness is the 

result of the difference in the concentration of 

organic and inorganic substances in the two 

layers. Thus, at the level of the enamel there 

are, in general, minimal amounts of Na+ and 

Mg2+ in the outer layer, these growing 

continuously towards the amelo-dentinal 

junction, while Ca2+ and phosphorus remain 

constant over the entire thickness of the 

enamel; the concentration of Cl- is higher in 

the enamel on the surface compared to the 

junctional layer. 

In dentin, the Ca / P ratio is about 1/5 (so 

more P in enamel than in dentin); Cl is not 

present, and Mg increases from the inward 

junction, unlike Na which decreases in the 

same direction. Also, the percentage of 

organic material is present in higher 

concentration in the dentinal layer. Another 

parameter that must be taken into account due 

to its influence on the process of dental wear 

and which is treated in the literature, is the 

time factor. It has been shown that, at the level 

of the tooth, the microcracks made for 

experimental purposes undergo changes over 

time, a fact little known until now; at the level 

of the enamel this variation is negligible. In 

contrast, at the dentin level, this microcrack 

becomes smaller after about a day, after which 

time, no change is observed (11, 13, 16).  

Knoop (KHN) and Vicker (VHN) reported 

approximately the same hardness values; thus, 

for enamel, it is about 270-350 KHN (250-360 

VHN) and 50-70 KHN for dentin, 

respectively; standard deviations for these 

values show significant variations, although at 

the dentin level these values are less 

pronounced. Craig and Peyton report a 

hardness of 344-418 VHN for enamel, Collys 

et all show a value of 369-431 VHN, while 

Wilson and Love find a hardness of 263-327 

VHN. Occlusal microhardness ranges from 

359 to 424 VHN, while at the cervical level it 

is about 227-342 VHN. These variations can 

be caused by a number of factors such as: 

histological variety, chemical composition, 

reading errors in the length of the microcracks 

(13). 

    Through atomic force microscopy, Kenney 

showed that, unlike hydrated peritubular 

dentin (where the hardness is 2.2 GPa 

regardless of location), in the case of inter-

tubular dentin the hardness depends on the 

location, being significantly higher near the 

enamel- dentin junction (0.49 GPa - 0.52 

GPa), than near the pulp chamber (0.12 GPa- 

0.18 GPa). It can be said that the most used 

index for determining the hardness of the 

human tooth is the VICKER index, whose 

values have important variations only in the 

cervical region (1, 3, 13, 16). However, the 

practical results show that the value of this 

index is not influenced by the proportion of 

organic and inorganic substances, but by the 

percentage of mineralization in the dental 

tissues.
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