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ABSTRACT  

Introduction. Aesthetic requirement in dentistry is getting more and more important every day. One of its basic 

principles is the correct selection of colour for the restorations. Colour is a quality which is modulated by a 

series of factors, environmental and individual, that the clinicians must know. 
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INTRODUCTION. 

In recent decades, the number of 

cosmetic dental treatments has increased due 

to the fact that patients have become aware 

of the social impact of a harmonious smile. 

Patients' perception of their own smile is 

strongly correlated with self-perception and 

self-confidence, therefore the need for 

cosmetic treatments can vary significantly 

from person to person [1]. 

However, the main reason for patients is 

seeking cosmetic treatment in the dental 

office and is related to the appearance and 

colour of the teeth. 

LITERATURE REVIEW 

When we talk about colour, we are 

making reference to a sensation which is 

captured by our eyes. The human eye is an 

organ specialized in the reception of images 

obtained from an electromagnetic radiation 

that we refer to as light, and which actually 

corresponds to a narrow segment of the 

entire spectrum, situated between the 400 

and 800 nm wavelengths approximately, and 

which we perceive as the so-called “colours 

of the rainbow”. 

The sensation we call colour would be 

that which corresponds to the wavelength of 

luminous radiation that reaches the eye.  

If this corresponds to the wavelength of 

one of the colours of the rainbow, we see 

that colour; if it contains the combined 

wavelengths of two colours, we perceive a 

new colour composed of both of these 

colours; and when it contains all of them, we 

see the resulting colour as white.  

Black would be the absence of visible 

radiation. 

The aesthetic analysis of a smile, a dental 

arch or a tooth aims at two categories of 

attributes: geometric and chromatic. 

Although in dental aesthetics, these 

attributes interest all the anatomical 

structures that make up a person's smile 

(lips, teeth and gums), as well as how these 

structures harmonize with the whole face, in 

this paper we will refer in detail to the 

colour of teeth [2,3]. 

Instrumental assessment of dental color 

involves the use of electronic devices 

specially designed for this purpose 

(spectrophotometers, colorimeters). These 

tools aim to eliminate observer-dependent 

factors related to the visual method, but they 

can also generate errors, especially due to 

the difficulties of positioning at the level of 

dental structures [4]. 

Consequently, it is recommended 

whenever possible to use both methods, 

visual and instrumental, in assessing tooth 

colour. The difficulty in reproducing the 

dental colour using aesthetic materials 

consists in the appreciation, choice and 
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communication of the dental color [3,4] 

describing the survival of restorations. 

To understand the chromatic 

characteristics of teeth we must analyze the 

structure of dental hard tissues, their 

behaviour towards light radiation and how 

the different geometric attributes of dental 

aesthetics (visibility of teeth, their alignment 

and arrangement, primary, secondary and 

tertiary morphology of dental crowns) etc 

influences the perception of their colour 

[5,6,7].  

Color is a subjective and objective 

complex phenomenon that many systems 

tried to describe; one of these systems which 

is used widely in dentistry is the Munsell 

System .  

According to this system, there are three 

parameters of colour: hue, chroma, and 

value. Hue is the color appearance 

parameter, it is synonymous with the term 

color (red, blue, green, etc.) or the colour 

produced by a specific light wave length 

acting on the retina [8]. 

Chroma is the saturation or the intensity 

of the colour, while value is the relative 

lightness or darkness of the color. A light 

tooth has high value, and a dark tooth has a 

low value [9]. 

Value is considered the most important of 

the three parameters in shade selection, since 

a small variation in chroma and hue will not 

be noticeable if value blends [9]. 

Value differences are easily detected 

even by untrained eyes and can be easily 

noticed from near or far distances, but as the 

viewing distance increases, the differences 

in hue and chroma become less noticeable 

[8,9]. 

By the CIE system, developed in 1931 by 

the Commission Internationale de 

l'Eclairage, any color can be specified by a 

triad of numbers (X, Y, Z) expressing the 

quantities of red, green and blue, 

respectively received by the three types of 

cone cells) needed to obtain that color under 

standard lighting conditions and using a 

standard colorimeter [10]. 

In 1976, by correlating the two color 

ordering systems (CIE and Munsell), the 

CIE L * a * b * or CIELAB system was 

born.The color space of the CIELAB system 

has a brightness scale (L * with values 

between 0 and 100) and 2 opposite axes that 

correspond to the shades from red to green 

(a *) and, respectively, from yellow to blue 

(b * ) [11]. 

In 1931, Clark, using the Munsell color 

ordering system, published the first study on 

the color of natural teeth; the values 

measured by Clark for the three color 

parameters were: the shade between 6YR 

and 9.3Y; saturation between 0 and 7, and 

brightness between 4 and 8. 

Referring to the three valences of color, 

described by Munsell, must be made some 

specifications: 

►the shade of the teeth is primarily 

determined by the dentin; in the case of vital 

teeth healthy, the shade is in the yellow 

color spectrum (from yellow to reddish-

yellow). If we refer to the standard Vitapan 

color key, the shade of the teeth falls 

predominantly in category A, with a small 

percentage in B. [12]. 

►color saturation is also dictated by dentin, 

but is also influenced by the translucency 

and thickness of the enamel. The thicker the 

enamel layer, the lower the saturation level 

of the tooth color, taking on the appearance 

of a diffuse saturation; in the cervical region 

of the crown, where the enamel layer is thin, 

tooth color is characterized by dense 

saturation; 

►the brightness of the teeth is determined, 

mainly, by the quality and thickness of the 

enamel; In areas with a thick layer of 

enamel, the optical effects are characterized 

by high values of tooth brightness. 

The color distribution at the coronary 

level could be described as follows: in the 

cervical third the color is characterized by a 

darker shade, increased saturation and 

reduced brightness, in the middle third the 

shade is very light, the saturation increased, 

and the maximum brightness and in the 

incisal third, by superimposing the area of 

maximum translucency of the tooth over the 

dark space inside the oral cavity, the shade is 

much darker, the saturation is low and the 

brightness has the lowest value. 

Color measurement, or colorimetry, is 
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based on the precise definition of the three 

components involved in color perception: 

the light source, the object under 

investigation, and the human visual 

apparatus or color measuring instruments. 

There are four types of color 

measuring instruments: colorimeters, 

spectroradiometers, spectrophotometers and 

digital cameras. 

The fluorescence of the teeth is the 

consequence of the impression of the 

pigments at the level of the dentin and of 

the amelo-dentinal junction by the 

ultraviolet radiation from the incident 

light, resulting in an emission of intense 

white or blue light. Clinically, this results 

in the appearance on the surface of the 

teeth of white or bluish areas of 

iridescence. 

The opalescent (white/milky) 

appearance of the teeth is due to the 

different refractive indices of the organic 

and inorganic components of the enamel, 

but especially to the property of 

hydroxyapatite crystals to disperse the 

incident light. 

Translucency is one of the basic 

landmarks in the aesthetics of dental 

restorations, depending on which, they 

may go unnoticed, or on the contrary, may 

induce an artificial appearance. 

The aspect of translucency is very 

different; it can vary from shades of white 

to bluish, to blue, grey, orange, and so on. 

Sometimes the area of translucency 

is delimited incisively by an opaque white 

line, called the “halo effect” [13]. 

In general, translucency values 

differ from one material to another, and for 

the same material, they vary depending on 

the wavelength of the light. Comparative 

studies, performed on the two hard dental 

structures that make up the crown of the 

tooth, have shown that the translucency of 

the enamel is much higher than that of 

dentin[14]. 

Any change in the translucency of 

the enamel, caused by aging or drying 

processes, influences the perception of 

their color. 

According to Vanini, the sum of all 

optical effects characterized by opalescence 

/ translucency could be classified into three 

categories: intense effects, opalescent effects 

and / or characterizations [15,16]. 

Intense effects are restricted areas of 

milky white / milky appearance located in 

the thickness of the enamel; a typical 

example is the stains associated with the 

hypermineralization processes of the 

enamel. [17]. 

The optical effects of the hard dental 

tissues that make up the crown of a tooth 

overlap and combine to determine the 

appearance of a living tooth. 

Opaque dentin, which determines the 

attributes of hue and color saturation tends 

to decrease the brightness of the enamel and 

induce a change of tooth color to grey. If the 

enamel is very thin and the dentin is very 

saturated (as it happens in the cervical third), 

then the shade of the dentin will become 

dominant. On the contrary, if the enamel is 

thicker and the dentin is less dense (in the 

middle third), the chromatic perception will 

translate into an increased brightness with 

bright effects [18]. 

Under similar environmental 

conditions in terms of illumination and 

viewer's position, the chromatic perception 

of free natural teeth is determined by the 

dynamics of light in the hard dental 

structures, as follows: 

♦the geometric attributes of the enamel 

surfaces (slightly concave, uneven and 

relatively rough surfaces) and its crystalline 

structure make the enamel to behave 

optically as a translucent medium. At this 

level, the processes of transmission, 

reflection and remission of light are mainly 

carried out. Thicker the enamel, the more the 

processes of reflection and refraction 

predominate, which determines the increase 

of the brightness of the teeth color. 

♦dentin, due to the architecture of the 

dentinal tubes ("S" shape, different density 

and diameter) and the presence of areas with 

different degrees of mineralization (different 

refractive indices), behaves optically as an 

opaque medium, which makes that at this 
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level the processes of absorption, refraction 

and dispersion of light predominate [19]. 

From an optical point of view, dental 

crowns behave like highly dipersive media, 

in which the intensity of the incident light 

decreases as it passes through the enamel 

and dentin. The optical properties of such 

materials can be described using the 

Kubelka-Munk (KM) theory, which, in 

relation to hard dental structures, refers to 

the interrelationship between their thickness 

and the amount of light absorbed or 

dispersed, respectively, by enamel and 

dentin, provided that these structures overlap 

over white, grey or black media [19,20]. 

This theory can be applied only for each 

dental tissue, it is no longer valid for 

measurements at the amelo-dentinal 

junction, due to the structural inhomogeneity 

of this level.  

According to K-M theory, in natural 

light, the values of the light radiation 

absorption coefficient for enamel and dentin 

are approximately equal, while the value of 

the light radiation scattering coefficient in 

dentin is 2.5 times higher than that measured 

for enamel [21,22]. 

The structural peculiarities and the 

different behaviour of the dental hard tissues 

towards the light radiation make the 

aesthetic perception of the dental chromatics 

to be characterized by an alternation of areas 

with different shades and degrees of 

saturation and brightness; this is true for 

both young and old teeth to the elderly. 

Colorimetric measurements performed at 

the level of the anterior maxillary teeth, 

highlighted the following aspects: 

▪the physiological color of human teeth 

shows variations from one person to another; 

▪making a comparison between women's and 

men's teeth, it was found that women's teeth 

are generally brighter, contain less red 

pigment, and saturation is lower; 

▪the color of the teeth is best represented in 

the middle third of the vestibular surfaces of 

the dental crowns; 

▪the cusped teeth are darker than the central 

and lateral incisor; 

▪the upper central incisor is the tooth with 

the highest brightness;  

▪with aging the color of the teeth darkens 

and the weight of the red pigment increases. 

With the installation of aging processes, 

the optical characteristics of the teeth 

change; the diminished blood supply and the 

sclerotic processes at the level of the 

dentinal tubules determine the change of the 

dentin shade, in becoming darker.  

As a consequence, although the sclerotic 

dentin is slightly more translucent, the 

overall saturation of the tooth increases.
 

 

CONCLUSIONS 

Tooth color is the most important 

aesthetic parameter and a basic criterion, 

according to which dental materials are 

classified as aesthetic or unsightly. 

According to Bergen, "color is not 

important for the psychological success of a 

dental treatment, but it can be the controlling 

factor in the general acceptance of the 

patient." 

 

 

In contrast to the other basic parameters of 

dental aesthetics, which are relatively easy 

to harmonize with the remaining dental 

structures and the patient's physiognomy, the 

rendering of natural chromatics is difficult 

and often decisive in the success of an 

aesthetic and / or cosmetic treatment. 
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