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Abstract  

Aim. To analyze the ability of dental students to visually assess tooth color, by the usage of  Vita 3D Master 

shade guide, by comparing their matching to results of an instrumental method i.e., Vita EasyShade. Method. 

The study was undertaken on a sample of fifth year students who have registered one another color parameters 

using Vita 3D Master shade guide. The recordings were made for each left upper central incisor, lateral incisor 

and upper left canine, and then were compared with instrumental recordings (Vita EasyShade 

spectrophotometer). Results. A hundred and two dental students were included, 32 being males and 70 females, 

with a mean age of 24 years old. Lightness level of the tooth was correctly assessed by 22% of the students, 

another 36% of them being very close to the true level of it, hue was correctly assessed by 53% of the students 

and chroma by 31% of the students, another 39% of them being very close to the true level of it. Among the 

incorrect evaluations there was noticed a tendency to evaluate the teeth as having a higher lightness, to be more 

reddish and saturated than real. Conclusions. Students showed at a group level relative good ability of visually 

determining the color of the teeth, by the usage of 3D Master Key. The highest concordance of recordings 

between the visual and spectrophotometric measurements was observed for hue parameter. 
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1. Introduction 

Teeth color is a characteristic with an 

important impact in the dental facial 

aesthetic field. Generally, color facilitates 

object recognition and perception, has an 

important role in visual memory and 

aesthetic experience, acting as a foundation 

for our perception. The color of an object is 

a characteristic given by the light that comes 

from the object to the human eye and is 

dependent on the light wavelength and the 

subjective experience – visual perception of 

colors is a physiological phenomenon based 

on the visual system [1].  

Kuehni claim that in normal color 

perception 2 million colors can be 

distinguished when seen on a grey 

background [2] and, using logical reasoning 

and experiments, he  has demonstrated that a 

realistic value for the number of stimuli that 

can trigger color perceptions is around 40 

million [3]. The receptors located in the 
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central area of the retina, cone cells, are 

responsible for daytime viewing and for the 

identification and differentiation of colors 

[4]. Color perception is a chain process that 

involves the cone cells that are divided into 

3 types of cells that react to three different 

wavelengths corresponding to red, green and 

blue. Rod cells are responsible for 

interpreting differences of lightness (value) 

and cone cells are responsible for 

interpreting the base color and its saturation 

(hue and chroma).  

Teeth color is determined by the light 

scattering and absorption properties of the 

enamel and underlying dentine. Hall has 

described teeth as containing 100,000 

variations of color [5]. For enamel it has 

been shown that the particles of 

hydroxyapatite, in particular their size, play 

an important role in light transmission [6] 

while for dentine methods of optical 

anisotropic support the idea that dentine 

tubules are responsible for transmitting light 

[7, 8]. Color can be expressed in a subjective 

manner (based on the visual response of the 

observer) or objectively (based on the 

physical properties of color measured with 

instruments) [9].  

Visual analysis of teeth color compared 

to color keys is the fastest, cheapest and 

most commonly applied method in dentistry 

[10] considered as a subjective method [11].  

In the Vita 3D Master shade guide (Vita 

Zahnfabrik, Bad Säckingen, Germany) the 

color distribution is performed in accordance 

with the principles outlined by Munsell. 

Thus it became more orderly compared to 

the classical key and showed an increase in 

the measurement repeatability versus the 

traditional Vita Classical shade guide [12]. 

The subjective method of determining teeth 

color has a number of disadvantages such as: 

a certain number of shades that do not cover 

the full natural teeth spectrum [5, 13], 

shades are not systematically arranged in the 

color space [14, 15], intervals between 2 

adjacent colors are not uniformly 

distributed, there are differences between 

professionals when determining color [16], 

results cannot be converted to the 

CIEL*a*b* system [17], no commercially 

available color key is identical to another 

[18]. Variables such as external lightning, 

age, experience, fatigue or physiological 

conditions such as color blindness may lead 

to inconclusive results or errors. Despite 

these limitations the human eye is very 

sensitive in detecting small differences in 

color between two objects [19]. Clinicians’ 

ability to discriminate colors can be 

improved by training and practice and 

through [20].  

Physicists measure light and color using 

data collection instruments due to the 

objectivity, accuracy, speed and automation 

offered by such instruments [21]. 

Spectrophotometers measure the color of 

surfaces working by measuring the spectral 

reflectance or the transmittance curve and 

are not affected by the metamerism [22, 23].  

Colorimeters measure the difference in the 

color of objects, color chromaticity values 

resulting from the reflection of light once the 

light source has passed through a series of 

filters [22]. Colorimeters are cheaper and 

easier to use than spectrophotometers but 

repeatability of results is lower once the 

wear and tear of the filters [23]. 

The aim of this study was to analyze the 

ability of dental students to visually assess 

teeth color, by the using the Vita 3D Master 

shade guide and comparing their matching 

to results of an instrumental method i.e., 

Vita EasyShade (Vita Zahnfabrik, Bad 

Säckingen, Germany). 

 

2. Material and method 

A cross study was undertaken on a 

sample of fifth year students from the 
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Faculty of Dental Medicine in Bucharest, 

Romania. Students were selected on a 

voluntary basis from among those 

participating in an optional class „Aesthetic 

Correlations in Treatment of Edentulous 

Patients‖. They received training in 

theoretical notions about color concepts and 

methods for determining teeth color from a 

prosthetic specialist. At the time of the 

exercise all volunteers undertook the 

Ishikara exercise [24]. This test is used to 

determine the presence of diseases that 

affect the visual system and consists in 

visualizing 15 cards with inscribed numbers. 

A score with between 13-15 correct 

identifications is considered normal while 

students that correctly recognized fewer than 

9 cards were excluded from the study.  

Patient selection was made from among 

all students that volunteered for the exercise. 

Only those individuals who had all their 

frontal teeth present on the maxillary and 

structurally complete were selected. 

Individuals that had teeth fractures, carious 

processes on the upper frontal teeth, teeth 

crowding in the upper front, direct or 

indirect restorations or fixed orthodontic 

appliances were excluded from the study.  

First tooth color was visually assessed 

using the 3D Master shade guide. Each 

registered student has recorded the color of 3 

teeth: left upper central incisor, lateral 

incisor and upper left canine for a randomly 

selected student patient. The determinations 

were held in May, in the same room under 

standardized conditions. The supervisor paid 

attention so that the clothes do not interfere 

with the eyes of the person undertaking the 

determination, the key color was held in the 

same plane with the checked teeth,  the eyes 

were at the same level with patient's teeth 

and at a distance of 25-35 cm [25], the 

person undertaking the determination has 

rested his or her vision on a grey 

background and brightness was determined 

first, followed by saturation and hue [26, 

27]. Because environment light is the factor 

with the greatest influence on subjective 

color determinations all measurements were 

carried out in the 11-12 pm interval [26, 28]. 

The supervisor measured the duration for 

each color determination by using a 

stopwatch and 306 recordings were made 

(102x3=306).  

Secondly teeth color was assessed using 

an instrumental method with the Vita Easy 

Shade spectrophotometer. Recordings were 

performed by one of the authors of this 

study right after each of the examiner 

students completed their assignment. Vita 

EasyShade spectrophotometer is a color 

recording device provided with a cannula 

with a diameter of 6 mm. Initially a 

protective filter was attached to the cannula 

and a ceramic block device was used for 

calibration according to manufacturer’s 

instructions. Teeth were wiped with a dry 

sterile compress. Recordings were made in 

the same position (cannula was placed 3mm 

below the gingival edge and the 3 mm were 

measured using a periodontal probe) and the 

cannula was held in a perpendicular position 

to the buccal part of the tooth. Using this 

methodology, the recordings were made in 

the middle surface of the buccal part of the 

tooth which according to Goodking is the 

best position for color determination: the 

incisal third is translucent and color 

recording may be influenced by surrounding 

colors while determinations in the gingival 

third of the tooth can be influenced by the 

color of the gingiva [28, 29]. Recordings 

were in the „single tooth‖ mode and were 

carried out until 2 subsequent measurements 

matched. The color parameters of the Vita 

3D Master were recorded. Data recording 

was made through photographing the screen 

of the device for improved accuracy and 

data storage. According to studies 

concerning objective tooth color 
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determination measurements using a 

spectrophotometer are not influenced by 

environment light conditions (even the 

absence of it) [30, 31]. 

For each left upper central incisor, 

lateral incisor and upper left canine the 

following recordings were made:  

1. The lightness level, chroma and 

hue of the tooth, evaluated by visual 

assessment using the 3D-Master shade 

guide; 

2. The total duration for each color 

determination; 

3. The lightness level, chroma and 

hue of the tooth, evaluated through an 

instrument by using the Vita Easy 

Shade Spectrophotometer  

The difference between real tooth color 

and the tooth color determined through 

visual assessment was registered as the 

difference between the two of them, for each 

parameter (lightness, chroma, hue). After the 

visual assessment tooth color parameters 

were registered according to the 3D Master 

shade guide methodology: lightness on a 

scale from 1 to 5 (usually by the usage of 

integer numbers, where 1 is light and 5 is 

dark), chroma on a scale from 1 to 3 (i.e., 1, 

1.5, 2, 2.5, 3, Where 1 is low saturated and 3 

is high saturated), hue as L, M, R 

(correspondingly coded as L=1, M=2, R=3, 

where L is more yellowish and R is more 

reddish). 

Data analysis was computed by SPSS 

Statistics. The p ≤ 0.05 was considered to be 

statistically significant. 

 

3. Results 

This study involved 102 students, 32 

males and 70 females with a mean age of 24 

years.  

Level of correctness for determining 

brightness. Comparing the values 

determined for brightness using a visual 

method versus the spectrophotometric 

approach, using Spearman statistical test, a 

positive small correlation was observed 

(r=0.394, p<0.001), as illustrated in figure 1.  
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Figure 1 The relationship between visual assessment method and the L 

spectrophotometrically 

Analyzing the difference between the real 

value of L for each tooth 

(spectrophotometrically determined) and the 

value recorded by students using the visual 

method of determination one can observe 

that less than a quarter of participants 

correctly determined L but more than half 

were very close to the correct answer. This 

observation may be related to the fact that 

using the color key the subject showed a 

tendency of choosing integers (1,2,3,4 or 5) 

while the spectrophotometric determination 

also indicates intermediate values (i.e., 2.5). 

Using this reasoning it can be argued that  

over half of the students were not so 

wrong when asked to identify tooth 

brightness. Also it can be noticed that the 

difference between the determined values 

was to a higher proportion positive which 

means that students have a tendency to 

record brightness using the provided scale to 

a lower value than the measured color of the 

tooth (spectrophotometric measurement) as 

illustrated in Figure 2. From a clinic 

perspective students have a tendency to 

evaluate the brightness of the teeth to a 

higher value than in reality (they think teeth 

are whiter than they actually are).  

 

 

Figure 2 The difference between brightness spectrophotometric determination and visual 

one 

Level of correctness for determining 

Chroma. Analyzing the difference between 

the correct tooth chroma 

(spectrophotometrically) and visually 

determined chroma one can observe that 

almost a third of the students were able to 

correctly determine this color property. 

There is also a tendency for the difference to 

be negative (Figure 3). 
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Figure 3 The difference between chroma spectrophotometric determination and visual one 

 

Level of correctness for determining 

hue. Analyzing the difference between the 

correct tooth hue (spectrophotometric) and 

the visually determined hue it can be 

observed that most of the participants  

 

 

correctly identified this color property. 

There is a tendency for a negative difference 

(i.e. visually determined R instead of the 

correct M value) (Figure 4).  

 

 

Figure 4 The difference between spectrophotometric hue determination and visual one 
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Allotted time. The time required for 

undertaking the 3 determinations had similar 

average values of less than 20 seconds. 

Using Friedman’s nonparametric  

test, it was observed that there was no 

difference between the three consecutive 

measurements (p=0,747) (Table 1). 

 

 Time for  21 Time for 22 Time for 23 

Mean 19,57 18,59 19,65 

Median 14,10 13,00 15,00 

Minimum 4,00 3,50 2,00 

Maximum 180,00 100,00 91,20 

Table 1 Duration of visual determination of tooth color

 

We analyzed the impact of the duration 

of teeth color determination on its 

correctness using the nonparametric 

Spearman test comparing the duration of 

determination with the differences between 

the visual and spectrophotometric 

determinations given their absolute and 

modulo values. Results show that duration  

 

does not influence the correctness of 

evaluations for color parameters, but a 

tendency was observed that a lower duration 

for completing the determination is 

associated with an assessment of higher 

brightness (teeth are perceived to be whiter 

than in reality) and more reddish perception 

than reality (hue).  

 Correlations between duration and  r p 

Difference from absolute brightness -0.292 <0,001* 

Difference from absolute hue 0.146 0.011* 

Difference from absolute chroma 0.040 0.485 

Difference from brightness (modulo) -0,042 0,468 

Difference from hue (modulo) -0.059 0.303 

Difference from chroma (modulo) -0.038 0.506 

Table 2 Correlations between determination duration and differences in color parameters 

 

4. Discussions 

In the context of planning and 

performing dental treatments, esthetics in 

general represents an important outcome 

from patients’ perspective, regardless of age 

[32]. From this perspective the correct 

determination of tooth color can be  

 

considered crucial. Generally, in the 

absence of any visual impairment the color 

determination improves over time [33] 

through training and exercise [34, 35]. In  

this study tooth color determination was 

performed by a group of students in their 

final year at the Faculty of Dental Medicine 

and their performance was analyzed after 

they received basic training about color in 

general and teeth color in particular.  

Given that the tooth anatomy is not 

homogenous nor standardized any dental 

color measuring method is prone to 
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measurement errors. When recording teeth 

color with the 3D Master shade guide, 

greater importance is given to the role of the 

human observer, to differences stemming 

from the light source, to surrounding 

surfaces, the effect of the background color 

and all other aspects relating to color that are 

passed as information to the human brain 

[36]. Recording performed through the 

visual method are influenced by changes in 

the ambient light. Red lipstick or the pink 

color of oral tissues can cause fatigue in the 

cone receptors resulting in residual images. 

Grey is the best background color for both 

intra and extra oral hue and saturation 

determinations. The color key needs to be 

positioned in the place where the restored 

tooth will reside and in the same plane with 

the teeth used for comparison so that the 

incisal edge borders the incisal edge of the 

natural teeth, preventing the risk of 

reflection from one surface to the other [37]. 

Spectrophotometric recordings must be 

taken in the middle third part of the upper 

front teeth in order to prevent the edge-loss 

phenomenon that occurs when measuring 

color for translucent elements [10]. On the 

other hand values for hue and saturation are 

susceptible to errors because of the scarcity 

of reflected light [38]. Some studies have 

determined that is it impossible to determine 

color with the spectrophotometer locked in 

the same position because of changes in the 

position of the patient or of the examiner 

and thus measurements cannot be replicated 

[39, 40]. Given the anatomical convexity of 

the tooth it is difficult to position the tip of 

the spectrophotometer and this positioning is 

an essential component of the measurement. 

This study has taken all color determination 

conditions into account both for the visual as 

well as the spectrophotometric methods. 

Spectrophotometric determinations were 

carried out by a single examiner that took 

into account preventive measures: patients 

were seated in the dental chair, the tip of the 

spectrophotometer was standardized 

(measured with a periodontal probe), 

recordings were taken until the 

spectrophotometer showed identical values 

in 2 successive determinations and after 

each measurement the machine was 

recalibrated.  

In his study, Gomes-Polo has visually 

(3D Master shade guide) and 

spectrophotometrically (EasyShade) 

assessed teeth color for 1361 maxillary 

central incisors. This study has proven that 

there is a correlation between the visual and 

spectrophotometric determination for the 

lightness parameter [41]. In our study, 

lightness was correctly determined through 

visual examination in 22% of measurements 

while 15% of recording have shown 

differences of 0.5 less and 22% had 

difference of 0.5 more. This difference can 

be accounted for by the fact that the 3D 

Master shade guide does not provide 

intermediate values only integer numbers 

(1,2,3,4,5) while the spectrophotometer 

offers such measurements. Taking this into 

account we can argue that 58% of our 

recordings for L* parameter were correct 

within the integer range. For the other 

parameters C* and h* there are no additional 

values supplied by the device. Our data for 

L* - which is the most important parameter 

in color determination – show a higher 

degree of accuracy. With respect to chroma 

only 31% of recordings were correct and a 

significant number of respondents recorded 

a value higher compared to the real one 

which means that they visually identified a 

higher saturation color. For hue 

determinations when mistakes were made 

there was a tendency to observe  teeth as 

being reddish rather than yellowish.  

Cone cells grow tired after chromatic 

comparison procedures that are longer than 

5 seconds so it is recommended that teeth 
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are not analyzed for more than a few 

seconds. With respect to color determination 

duration when the allocated time was shorter 

it was observed that the brightness of the 

teeth recorded higher values (whiter teeth). 

 

 

5. Conclusions 

Students showed at a group level relative 

good ability of visually determining the 

color of the teeth by the usage of 3D Master 

Key. The highest concordance of recordings 

between the visual and spectrophotometric 

measurements was observed for hue 

parameter. 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to increase the accuracy of teeth 

color determinations multiple measurement 

methods must be employed: the visual 

method assisted by the spectrophotometer, 

use of dental photography as well as the 

eventual participation of several operators, 

in order to increase the predictability for 

aesthetic dental restorations.  
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