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ABSTRACT : 

Colour matching plays a major role in achieving morphological and optical acceptance in community setting. It 

improves patients esthetics, satisfaction level and also the efficacy of the dentist. Thus this study focuses on 

dimensions of colour and it's importance in clinical application. The aim of the study is to investigate the colour 

matching of anterior fixed prosthesis based on hue,chroma,value.This retrospective study was conducted using 

records of patients visited private Dental College. A total of 350 consecutive case records of patients who 

underwent treatment with fabrication of anterior fixed prosthesis were retrieved after reviewing 32,000 patients. 

Relevant photographs from their records were retrieved.Software was used to analyse the dimensions of 

color.Obtained data were entered and subjected to statistical analysis. Descriptive statistics was done to present 

the matching of  hue,chroma and value.Chi-square association was performed to find the colour matching and its 

association with location of teeth and the performance of dental undergraduate and postgraduate students . Colour 
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matching of anterior fixed prosthesis based on dimension of colour showed the prevalence of hue (96.3%), chroma 

(96.2%), value(30.5%). There was no statistical significance between hue, chroma (p>0.005) but value had 

statistical significance (p<0.001). Within the limitations of the study, hue and chroma matching are highly 

satisfactory but there is a deficiency in matching value. So, there is need of application of VITA 3D master and 

spectrophotometer for value matching which may further blend to patient's existing dentition and provide 

improved esthetics  

 

Keywords: chroma, colour, esthetics, hue, shade, value  

1. INTRODUCTION : 

                  

The dental appearance is an integral component of facial beauty (1). Good dental appearances are thought to be a 

requirement of prestigious occupations among some professional group (2,3). Placement of a restoration or 

prosthesis which improves dental appearance results in a positive effect on a patient's self esteem and quality of 

life (4). Aesthetically pleasing teeth are associated with kindness, popularity, intelligence, and high social status. 

Arguably even more important is the fact that the level of satisfaction with one’s own smile attractiveness is 

directly correlated with self-perception and certain psychological traits.An unattractive smile is correlated with 

the personality characteristics of neuroticism and self-esteem ,ultimately affecting overall well-being and health 

(5,6). 

                  

Historically, a large variety of materials was used for removable and fixed prosthesis, with ceramics providing a 

favorable combination of aesthetics and durability.Over the past 50 yrs, developments were geared toward metal-

free all-ceramic materials that offer tooth-like aesthetics with superior physical properties, even for posterior teeth. 

These include aluminous feldspathic ceramics (7) and, more recently, leucite-reinforced feldspathic ceramics and 

lithium disilicates for single-unit monolithic all-ceramic restorations (5,8). Glass-infiltrated ceramics was deemed 

the first “high-strength” ceramic materials with excellent clinical success (9). Thus several factors are to be 

satisfied to create natural esthetics. 

 

Colour is a property of light. Objects have no colour of their own. They just reflect a particular wavelength from 

the colour  spectrum (10,11). Most of the colour found in the natural tooth is established within the tooth. The 

semitransparent structure of the tooth makes the colour matching more complex (12). The most popular method 

for describing colour is the Munsell system. The three attributes of colour in this system are Hue, Chroma and 

Value (10,13). 

 

Hue is referred to as the colour of an object. Hue is directly related to the wavelength of luminous radiation 

observed. It is specified as the dominant range of wavelength in the visible spectrum that yields the perceived 

colour, even though the exact wavelength of the perceived colour may not be present (14,15).Chroma is the 

intensity or saturation of a hue is called Chroma (10). The increase in chroma has a corresponding change in 

value.As chroma increases, value decreases.Value is the relative darkness or lightness of a colour is value (10). 

Value is the amount of light returned from an object. It was described as a white to black gray scale by Munsell 

Lowering value means diminished light returns from the object illuminated, more light is being absorbed/scattered 

or transmitted (14,16). 

               

 In addition to hue, chroma and value, there are other secondary optical properties which include translucency, 

opacity, opalescence, surface gloss,surface texture and fluorescence. They contribute to the natural appearance of 

restoration. According to Vaneni, tooth colour is composed of five dimensions which include, chromaticity, value, 

intensity, opalescent, characterization (17). 

 

Shade selection involves perception of colour. It depends on illumination, environment and the viewer. Initial 

shade selection should initially be made with daylight or colour‐corrected lighting, and then the shade should be 

matched under different lights to avoid metamerism(18,19).There are two techniques which are visual technique 

and instrumental  techniques (20). 

      

Dental shade guides are the most commonly used technique by clinicians in day to day practice (21). The most 

popular shade guides used are Vitapan Classical shade guide, Vita 3D master shade guide, Chromascop shade 

guide system (22,23). 

Vitapan 3d-Master Shade guide was introduced in 1998 which reflects distribution of tooth shades in nature (24). 

Vitapan 3D-Master (VITA Zahnfabrik, Bad Sackingen, Germany), a systematically arranged shade guide, is made 

up with six series of fired porcelain, built up with cervical, dentinal, and incisal powders, which are composed of 
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feldspar nepheline and high-temperature ceramic pigments from the VITA family porcelains. These six series 

consist of 29 shade tabs ranging from the lightest to the darkest lightness, from the lowest to the highest chroma 

and from yellow to red hue. The shade tabs in this shade guide are designated with 3-digit number and letter 

combinations. For example, for the 2M3 designation, the first number (2) indicates the lightness, the letter (M) 

indicates the hue, and the last number (3) indicates the chroma. As stated by the manufacturer, the letter L indicates 

yellow hue, M indicates middle hue and R indicates red hue (25).But this is not widely used in India. 

 

To overcome certain errors in commercial shade guides, different machines and devices are used in order to make 

the colour assessment more simple, rapid, precise and perfect (20) . Computer assisted shade analysis is more 

accurate and more consistent compared with human shade assessment. Advantages include no influence on 

surroundings or lighting and results being reproducible (26,27). They include RGB devices, digital cameras, 

spectrophotometers, colorimeters (20,28).Spectrophotometer is a photometer that can measure intensity as a 

function of the colour, more specifically,the wavelength of light (29). It measures the reflectance for each 

wavelength and allows to calculate values (30,31).Previously our team has a rich experience in working on various 

research projects across multiple disciplines The      (32–34)(35–46).Colour matching plays a major role in 

achieving morphological and optical acceptance in community setting. It improves patients esthetics, satisfaction 

level and also the efficacy of the dentist. Thus this study was done to investigate the colour matching of anterior 

prosthesis based on dimensions of colour. 

 

2. MATERIALS AND METHODS : 

  

2.1 Study Design and Setting : 

 

A retrospective study was conducted by reviewing 86,000 patient records of the authors University hospital for a 

period of nine months from June 2019 to March 2020. Ethical clearance was obtained from the Institutional ethical 

board. 

 

2.2 Case record selection: 

 

About 8564 consecutive case records of patients with age ranging from 20 - 90 years were sorted. 1289 case 

reports of patients with complete edentulism were excluded. Of 7275 patient records. Overall 450 patients were 

assessed from which 350 patients’ relevant photographs of  anterior fixed prosthesis fabricated in the author 

university were retrieved. 

 

  

2.3 Data collection: 

 

Relevant photographs of anterior fixed prosthesis done by undergraduates and postgraduates fulfilling the 

inclusion criteria were gathered and finalised by 3 reviewers.Shade matching used was Vita Classic. 

 

2.4 Procedure: 

 

● Selected photographs imported in Photoshop software (Adobe Photoshop) 

● Hue was assessed by observation of basic colour of adjacent teeth 

● Chroma was checked changing intensity of picture colour 

● Value was checked making the picture black and white as the movement is based on brightness 

● All dimensions of colour was verified with three observer to avoid observer bias 

 

2.6 Statistical analysis:  

 

Statistical analysis was done using Statistical Package for the Social Sciences (SPSS) Version 23.0. Dependent 

variable was the dimension of colour (hue,chroma and value) and the independent variable was age, 

gender.Descriptive statistics was done to present colour matching  based on dimensions of colour.Chi square 

association using crosstabs was done. A p value <0.05 was considered to be significant.               

3. RESULTS AND DISCUSSION : 

The final data set consisted of 350 patients of Indian origin who underwent treatment for anterior fixed prosthesis 

in Saveetha Dental College. Figure 1 showed the colour matching using patients’ photographs based on 
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dimensions of colour. Hue, chroma, value was matched more in tooth no. 21 [Figure 2,3,4]. Colour matching of 

anterior fixed prosthesis based on dimension of colour showed the prevalence of hue (96.3%), Chroma (96.2%), 

and value(30.5%) [Figure 5]. There was no statistical significance between hue,chroma but value shows 

statistically significant difference (p<0.001. Our study showed that knowledge of colour matching was better 

among postgraduate students compared to  undergraduate students.[Table 1]. But the percentage of value matching 

was lower in postgraduate students too(30.8%).  

 

There was no statistical significance between hue,chroma but value shows statistically significant difference 

(p<0.001).The brightness of a crown is usually increased in two ways: by lowering chroma or by increasing the 

reflectivity of the surface. Lowering value means less light returns from the illuminated object and the remaining 

light is being absorbed or scattered elsewhere (47,48).Thus value is of utmost importance during colour matching. 

Our study showed that hue and chroma was matched well but value was deficient. 

 

Accuracy and precision are two separate aspects of color measurement. Accuracy indicates the ability of the 

method to provide a correct shade match. In other words, accuracy or conformity refers to the concept of 

examining how closely the observed measurement conforms to a “correct result,” which is available as the 

“reference,” “criterion,” or “gold standard” value for each measurement.  Precision comprises the repeatability of 

the measuring method over time or the reproducibility of the whole measuring process.The degree of accuracy 

depends on the instrument used, type of material, opacity, texture, and translucency of the measured side.To apply 

digital shade selection for human teeth, the accuracy and reproducibility, as well as inter examiner reliability, must 

be considered (49). 

 

The reflectance from the dentin altered by the absorption, scattering, and thickness of the enamel result for the 

actual color of natural teeth (50,51). Hence, recognition of the optical properties of teeth is imperative for precise 

and harmonious color reproduction. Esthetics of dental restoration are shaped by color and its elements, such as 

hue, value, and chroma; translucency and opacity; light transmission and scattering; and metamerism and 

fluorescence (52). A number of studies have shown that the dependability of the VITA 3D-Master shade guide to 

be superior to that of VITA classic among general dentists, even though the two systems displayed one and the 

same consistency amid prosthodontists (53).  Hence there is a need for communication with the lab through 

photographs and a need for spectrophotometer and Vita 3D Master for effective value matching .  

 

A study by Dilak Nalbant showed that value scores were increased in instrumental matching rather than visual 

shade matching (54,55). Similar study done by Zarko Udiljak et.al showed that those who used shade guides 

arranged according to hue over a longer period of time found it more difficult to assess the colour according to 

value (56). According to Sagars J, the use of shade guide showed that hue and chroma can be easily discerned but 

value is not determined correctly. 75% of improper shade matching involves deviation in value (57,58). The 

distribution of chroma of the shade tabs within the same value group were relatively ordered; but the values of 

different value groups were overlapped in several instances (59). Thus in many other literatures; it has been proved 

that value was not properly determined using traditional methods. Thus advanced techniques like Vita 3D master 

shade guide or spectrophotometer can be used to measure the value accurately.The variation in our result may be 

due to this usage of traditional methods. But the advantage of our study would be the usage of photoshop software 

which helped to assess easily and accurately with much less time. 

 

Our belief is that prosthetic users, wearing prosthesis perceived as aesthetically attractive, are more confident with 

their personal body perception and, consequently, gain psychological well-being. However, many users are 

unsatisfied with the aesthetics of their prosthesis. With our research, we hope to improve future prosthetic devices 

and positively impact the emotional aspect of users of prosthetics. Limitation of the study was a sample size not 

generalised by the entire population. Thus multicentre study with large sample size should be conducted for 

confirmation of this study . Our institution is passionate about high quality evidence based  research and has 

excelled in various fields ( (60–70). 

4. CONCLUSION : 

Within the limitations of the study,hue and chroma matched highly satisfactory but there is deficiency of matching 

value of anterior teeth, which is most important pillar for shade matching.So, there is need of value matching 

using  VITA 3D master, spectrophotometer in day to day shade selection procedures to make the artificial 

prosthesis more nature and lifelike. 
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Figure 1: Adobe Photoshop Images representing Hue, Chroma and Value of Anterior Fixed Prosthesis present in 

11 
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Figure 2: shows a bar graph representing the association between the anterior teeth with single crown and and 

colour matching based on hue. X-axis represents the anterior single crown  and Y-axis represents the number of 

teeth. Association between the anterior teeth with single crown and colour matching based on hue was done using 

Chi- square test and was significant. Pearson Chi- square test= 33.993, p<0.001 (statistically significant). Hue was 

matched more in 11 and 21 compared to other anterior teeth.   

 

 
Figure 3: shows a bar graph representing the association between the anterior teeth with a single crown and colour 

matching based on chroma. X-axis represents the anterior single crown and Y-axis represents the number of teeth. 

Association between the anterior single crown and colour matching based on chroma was done using Chi- square 
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test and was significant. Pearson Chi- square test=33.993, p<0.001 (statistically significant). Chroma was matched 

more in 11 and 21 compared to other anterior crowns. 

 

 
Figure 4: shows a bar graph representing the association between the anterior teeth with a single crown and colour 

matching based value. X-axis represents the anterior teeth with a single crown and Y-axis represents the number 

of teeth. Association between the anterior teeth with single crown and colour matching based on value was done 

using Chi- square test and was significant. Pearson Chi- square test= 82.464, p<0.001 (statistically significant). 

Value was matched more in 11 and 21 compared to other anterior teeth.  

 

 
Figure 5: Bar graph representing the distribution of hue(96.3%), Chroma (96.2%), and Value (30.5%) matching 

status. Here X-axis represents the dimensions of colour and Y-axis represents the percentage of colour matching.  
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 DIMENSION OF COLOR 

        STUDENT STATISTICAL VALUE 

  

UG 

  

PG 

Pearson 

Chi-square 

value  

  

P value 

  

HUE 

Matched 92.7% 96.9%   

2.31 

  

0.12 

Non-Matched 7.3% 3.1% 

  

CHROMA 

Matched 92.7% 96.9%   

2.31 

  

0.12 

Non-Matched 7.3% 3.1% 

  

VALUE 

Matched 18.2% 30.8%   

3.62 

  

0.05* 

Non- Matched 81.8% 69.2% 

 

Table 1: Representing quality of colour matching among undergraduate (UG) and postgraduate (PG) students. It 

was found that quality of colour matching was better among postgraduate students when compared to  

undergraduate students. But the percentage of ‘value’ matching was comparatively lower among both the 

categories.(*statistically significant) 

 

 

 

 

 


