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Demineralization-remineralizati-

on balance is very fragile; consuming 

sugary drinks and food daily, regular 

snacking and inadequate oral hygiene 

can significantly increase the softening 

of the hardest tissue in human body- 

enamel (1). Once this outer structure is 

damaged, bacteria can progress deeper 

into the structure, thus affecting denti-

ne and cement (2). Dental industry has 

provided numerous products that can 

prevent, slow down or even reverse the 

degradation of the softened tooth surfa-

ces. However, their actual effect is hard 

to assess due to complex composition of 

hard dental tissues. Nowadays, micro-

hardness evaluation is widely utilized to 

evaluate the properties of dental tissues 

before and after usage of the protective 

dental products. 

Tooth mineral composition and 

structure

The inorganic portion of tooth hard 

structures composes of calcium hy-

droxyapatite, Ca10(PO4) 6 (OH)2, 

which belongs to a group of complex 

biological apatite. The basic cell units of 

biological apatite are hexagonal in shape, 

forming crystals of different sizes. Those 

units are present in enamel, dentin and 

cementum; however, the crystals are the 

biggest and most oriented in enamel (3). 

Tooth enamel is the most mineralized 

tissue in the human body with 96% of 

inorganic component. Dentin has 70%, 

and cementum 45% of the inorganic 

matrix, making them much challenging 

to repair, compared to enamel (4). High 

inorganic content and highly oriented 

crystals are the main reasons for and 

resilient properties of enamel (3).  The 

composition of biological apatite is not 

consistent, and it depends on many va-

riables, including the type of tissue, he-

alth, age, nutritional habits of the indivi-

dual and environmental factors (5).

Demineralization and 

remineralization

The mineral structure of the ena-

mel surface is partially a product of the 

dynamic processes of demineralization 

and remineralization (4). Usually, the 

rates of these processes on the enamel 

surface are balanced to keep the tooth 

healthy and resistant to the oral cavity 

environment. However, when the teeth 

are constantly exposed to an acidic ha-

bitat, an imbalance between the demi-

neralization and remineralization pro-

cesses shifts towards demineralization. 

Chemical process of detaching mineral 

ions from the hydroxyapatite crystals 

of enamel, dentin and cementum is ca-

lled demineralization (2). The dental 

biofilm impacts this process by modu-

lating the tooth surface pH. High sugar 

consumption favors the lowering of the 

biofilm pH by providing the substrate 

for the cariogenic microorganisms in the 

biofilm. Once pH becomes lower than 

5.5, the enamel demineralization begins 

(6). Acidic environment causes calcium 

and phosphate release from the enamel, 

dentin and cementum. The loss of mi-

nerals leads to increased porosity, wide-

ning of the spaces between the enamel 

hydroxyapatite (HA) crystals and softe-

ning of the surface (7).

 The demineralization process can be 

reversed by restoring the minerals to the 

HA crystals; the process is called remi-

neralization. It occurs when calcium and 

phosphate are dissolved in saliva and 

plaque (2). A very important reactive 

element is the fluoride and its presence 

in the biofilm stimulates remineralizati-

on of HA crystals and enhances new mi-

nerals deposition. The presence of fluo-

ride and calcium ions leads to formation 

of fluorapatite, FAP [Ca10(PO4) 6 F2], 

in which the hydroxyl molecules are re-

placed with fluoride in the HA crystals 

(6). FAP elicits stability of crystals and 

increases hardness, therefore defending 

the enamel from the aggressive acidic 

environment. (8)
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Ion-releasing materials

A group of materials that has been in-

creasingly examined and used in recent ye-

ars are ion-releasing materials with certain 

degree of bioactivity. They are widely used 

for reconstruction and regeneration of the 

tissues in the orofacial region. In restora-

tive dentistry, the term ‘bioactive’ can refer 

to the ability of a material to cause HA or 

FAP formation on the tooth’s surface. (9) 

On the other hand, in implantology or oral 

sugary, bioactive material has the purpose 

to provide a direct chemical bond between 

the implant and the recipient bone (10). 

A variety of restorative materials can 

induce tooth remineralization and/or 

inhibit demineralization. In enamel, in-

stead of conventional treatments, early 

non-cavitated lesions can be remineralized 

by using topical remedies which contain 

high amounts of fluorides, casein phosp-

hopeptide-amorphous calcium phospha-

te (CPP-ACP), or nano- hydroxyapatite 

(11). In dentine, the most commonly used 

restorative ion-releasing materials include 

glass ionomer cements, glass hybrid ce-

ments and calcium-silicate based cements 

(12).

Hardness 

As a strong indicator of the material’s 

ability to resist deformation, hardness, 

has been studied for more than a cen-

tury. This ability is evaluated by a stan-

dard test where the surface resistance to 

indentation is measured (13). Hardness 

is related to other mechanical properties 

such as tensile strength and abrasion 

(14).

Many hardness testing methods de-

veloped over time and they are based on 

the loads that are applied to a material 

(macro, micro, or nano-indentation te-

sts).  Macroidentation tests are those 

that use larger test loads (1kgf or more) 

(Kgf=kilogram-force) while micro in-

dentation tests use load from 1 to 1000 

gf.(gf=gram-force). Nanoindentation 

tests include the nanometric level of in-

dentation. 

The most common methods that are 

used are Rockwell, Vickers, Knoop, and 

Brinell tests. Although the methods di-

ffer in details such as the shape and the 

size of the ident, their primary goal is 

to apply a specific load under contro-

lled conditions on the desired speci-

men (Hardness Testing: Principles and 

Applications).

 In dentistry, microhardness tests are 

widely utilized to evaluate tooth hardne-

ss and the hardness of the materials that 

are crucial for dental rehabilitation (15). 

The most commonly used microhardne-

ss methods are Vickers and Knoop tests. 

Vickers microhardness test

The Vickers microhardness test uses 

a square-based diamond pyramid as the 

indenter with the angle between opposi-

te faces of the pyramid being 136° (16). 

The diamond indenter is pressed into 

the surface of the specimen for a certa-

in period of time. Different loads can be 

applied, ranging from 10 gf to 1kgf (15). 

Once the load is removed from the sam-

ple, the indentation area is observed and 

then measured by the optical microsco-

pe. The length of the diagonals of the 

impression is measured and the Vickers 

hardness number (VHN) is calculated 

from the following equation (17):

 ● VHN=0.0018544 x L/d2

 ● L-load in gram force(gf )

 ● d-mean of the two diagonals (in mm2)

It is important to say that all the mea-

surements are done automatically on the 

computer unit of the measuring advice. 

Figure 1 shows the Vickers microhar-

dness tester which is in possession of 

the Department of Endodontics and 

Restorative Dentistry, School of Dental 

Medicine, University of Zagreb. 

 As one of the greatest advantages of 

this method stands for the ability to me-

asure the entire range of hardness, from 

soft to hard materials (metals, ceramics, 

composites) and tissues (enamel, dentin, 

cementum). Furthermore, it is a non-de-

structive method, which means that the 

test piece is only slightly damaged du-

ring the process.
Figure 1. Vickers Microhardness Tester (Department of Endodontics and Restorative Dentistry, 
School of Dental Medicine, University of Zagreb)
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On the other hand, the disadvantage 

of the Vickers test is the amount of time 

which is needed for the sample prepa-

ration which is the crucial part of the 

procedure. 

When testing the hard dental tissue 

and materials applied to it, researchers 

follow the specific protocol of the pre-

paration. The extracted teeth are washed 

and disinfected using a hydrogen peroxi-

de solution and stored in distilled water 

until they are tested. The extracted teeth 

are sectioned either transversely or lon-

gitudinally, then sectioned buccolingu-

ally and mesiodistally. The specimens’ 

flat surface is crucial because any tilt 

or non-flat surface leads to greater and 

uneven diagonal length, thus, inaccurate 

results are obtained (18).

Knoop microhardness test

The principle of microhardness te-

sting in the Knoop test is the same as in 

the Vickers method, but the difference 

is in the shape of the indenter. The Kno-

op Testing method uses a pyramid-sha-

ped diamond indenter with a rhombo-

id base. The indenter doesn’t penetrate 

very deep into the specimens’ surface 

which means this method is very conve-

nient for very thin and brittle (for exam-

ple dental ceramics) materials. Figure 2 

shows the difference in the shape of the 

indenters and the ident while using the 

same load.

Moreover, the angle between opposi-

te faces of the pyramid is 172° in compa-

rison to Vickers. (19)

The preparation of the specimen sur-

face is of great importance which implies 

that standardized procedures need to be 

followed. 

Another difference from the Vickers 

test is in the calculation which is used 

to determine the KHN (Knoop hardne-

ss number). The rhomboid base of the 

indenter leaves the rhomboid-shaped 

ident on the surface of the specimen. In 

the calculation, only the longer diagonal 

is used in the calculation. 

Rockwell hardness

Rockwell hardness method is origi-

nally a macrohardness test but with a 

lower load applied, it is used in the den-

tal material research area as well. (20)

The specificities of this method are 

numerous. Starting with the shape of 

the indenter which is either a diamond 

cone or a hard metal ball. This method 

is called the differential-depth hardness 

measurement method and it involves 

two steps. 

In the first step, the indenter is pres-

sed onto the surface of the specimen by 

using a minor load. The minor load is 

the reference point. In the second step, 

the load is increased. This means that 

the overall force is now acting on the 

indenter and it is held for a certain pe-

riod. In the third step, the major force is 

removed, while the minor is still acting. 

Compared with Vickers and Knoop 

methods which require an optical mi-

croscope to measure the diagonals, the 

Rockwell test only measures the depth 

of the penetration.  The major advanta-

ges of the Rockwell method are direct 

hardness value measured without opti-

cal examination and no specimen prepa-

ration.

Dentistry and microhardness

Many research projects are using mi-

cro indentation tests, Knoop and Vic-

kers equally. These tests are not only im-

portant for testing the hardness of the 

tooth structures-enamel and dentin, but 

also for a testing wide variety of mate-

rials crucial for dental rehabilitation. 

However, this method has its limi-

tations, as it merely reflects the biome-

chanical properties of dentin. In other 

words, it is possible to gain an increase 

in microhardness values just by relea-

sing minerals into demineralized lesions 

without actually repairing them. The 

reason for this is the fact that dentine 

remineralization requires harmonious 

reparation of both collagen and inorga-

nic apatite, which usually requires pul-

pal activity as well (21). This problem is 

avoided in enamel, as it is a more highly 

crystallized structure.

Conclusion

Microhardness testing is a valuable 

method for obtaining data on the effi-

ciency of ion-releasing materials. Howe-

ver, the results of such examinations 

need to be observed within their limita-

tions, as the method cannot fully reflect 

the actual hard dental tissue properties. 

Still, it is an easily performed method 

for observing the actual potential of the 

material and can serve as a basis for furt-

her research.

Figure 2. Vickers and Knopp Hardness In-
tenter Shapes (https://niom.no/hardness-te-
sting-of-dental-materials-and-tooth-substan-
ce/ )
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