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Abstract  
Aim. To verify the impact of taking the Toothguide Training Box (TTB) exercise in improving the individual ability to correctly 
determine dental color.  
Material and method. A prospective study was conducted on the 5th year dental students. The participants were required to carry 
out 3 distinct steps: visual color determination for sample tabs out of the 3DMaster shade guide, the TTB exercise and another color 
determination after training completion.  
Results. The sample included 60 students (19M/ 41F) with a mean age of 24, which made 360 color determinations of 6 shade tabs 
before and after TTB exercise. 32,5% (n=117) of the color determinations were incorrect in both moments, and the value was 
incorrectly determined just in 11% of them. Students found 3L1.5 and 3M2 colors as the hardest to determine. The results suggested 
that a single TTB training exercise did not have a high positive influence on the individual capacity to correctly determine the color for 
tabs out of the shade guide.  
Conclusions. While there is no evidence of an immediate positive impact of the TTB exercise in evaluating and determining different 
color variations for sample key elements, through repeat exercises, the individual perception can be improved and thus the correct 
determination of dental color and its correct codification can be increased.  
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Introduction 

The patient’s esthetic requirements regarding 
dental restorations are primarily directed towards the 
recreation of the natural aspect of the teeth. Dental color 
is considered the most important esthetic component and 
its determination is directly correlated with the visual 
experience and perception of all participants. The 
perception of color involves the processing of signals from 
the cone cells in the retina, determining color contrast in 
the striatum cortex and perception stabilization in 
temporal areas [1]. 

In the constant attempt to create a common 
language regarding the color determination, there are 
several existing systems. The tridimensional cylindrical 
system for color [2] or the Munsell system, in which color 
dimensions were perceptually separated in hue, chroma, 
value. In 1976, the International Commission on 
Illumination (CIE) defined the tridimensional color space 
that supports the color perception based on 3 parameters 

(red, green, blue) with L*, a*, b* axes. Recent studies 
have shown that color perception can be represented on 
a color sphere with 4 dimensions [3], with the 4th 
dimension, “darkness”, being harder to visualize.  

Color can be subjectively expressed (based on 
the visual response of the observer) or objectively (based 
on the physical properties of color as measured by 
instruments) [4]. The visual analysis of teeth color in 
comparison with a dental color key is the fastest and least 
expensive method, most frequently used in dentistry [5], 
but still a subjective method [6]. The practitioners’ ability 
to determine the color improves over time but can also be 
positively influenced through training and practice [7]. 

Color distribution in Vitapan’s 3D-Master shade 
guide is performed according to Munsell’s principles, thus 
becoming more structured than the Vita Classical key and 
achieves increased reliability for repeated measurements 
[8].  Some disadvantages reported on the subjective 
method for dental color determination include the 
following: the number of shades do not cover the 
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complete space of natural teeth [9,10], shades are not 
systematically arranged in the color space [11,12], there 
are inconsistencies between professionals in color 
determination [13], results cannot be transformed in the 
CIEL*a*b* system [14], and no commercial shade guide 
available is identical to another [15]. Variables such as 
external light, age, experience, tiredness, physiological 
conditions, medication, or eye diseases can lead to 
inconclusive results or errors. Despite such limitations, the 
human eye is highly sensitive in detecting tiny color 
differences between 2 objects [16]. 

The aim of this study was to check the extent to 
which undertaking the Tooth Training Box (TTB) exercise 
could contribute to the improvement of the individual 
capacity to correctly determine the dental color.  

Methods 

A prospective study was conducted on a sample 
group of 5th year students from the Dental Faculty of 
“Carol Davila” University of Medicine and Pharmacy in 
Bucharest. Students were selected on a volunteering 
base of participants to an optional course on Dental 
Esthetics. During the course assignment and seminars, 
students received basic notions on dental esthetics but 
also fundamental information about dental color 
parameters and determination methods using color keys.  

The study implied that the participants 
accomplished 3 distinct steps: 
1. In step 1, time 1 (T1), participants filled out a 

worksheet that included personal details, age, and 
their determination of color for 6 tabs out of the 3D-
Master shade guide.  

2. Subsequently, each student participated in a dental 
color determination exercise using the TTB device 
provided by Vita company as a part of the contract 
signed between “Carol Davila” University of Medicine 
and Pharmacy and the company. 

3. After the TTB exercise and the recording of the 
results for each student, they were asked to 
determine the color for the same 6 tabs out of the 3D-
Master shade guide used in step 1 again and their 
determination time was measured (T2). 

For the purpose of this study, 6 tabs from the 
3D-Master shade guide were selected (VITA Zahnfabrik, 
Bad Säckingen, Germany): 2R2,5; 3L1,5; 4R1,5; 3M2; 
2M3; 4L1,5. The tabs were chosen together with a dental 
ceramic technician in the attempt to select colors that are 
hard to reproduce (4L1,5) or that are easy to confuse one 
with another (2M3-3M2). The 6 tabs were removed from 
the shade guide, the metal holder being kept for support. 
The color parameters written on the metal holder were 
covered with opaque adhesive tape that made it 
impossible for the written letters and numbers to be seen. 
The 6 tabs were randomly assigned values from 1 to 6 
(Table 1). 

 
Table 1. The distribution of the 6 shade tabs 
1 2 3 4 5 6 
2R2,5 3L1,5 4R1,5 3M2 2M3 4L1,5 

 
The study took place between 12:00 and 14:00, 

the optimal time for color determination under natural light 
conditions. Students were assigned in groups of 8 and, 
prior to the exercise, were administered the Ishihara color 
vision test which is useful to check for color sight in larger 
groups of people [17]. 

For step 2, students received instructions 
regarding the device, its functioning, and the training 
steps in order to participate in the Tooth Training Box 
(TTB) exercise. TTB is a device, which was invented in 
2002, by Prof. Dr. H.A. Jakstadt from Leipzig University 
and manufactured by Norwark Enginering. It includes an 
electro mechanic device connected to a software system. 
The 3D Master shade guide is horizontally embedded on 
the lower part of the device, while in the upper part, 52 
teeth are radially arranged. As a part of the exercise, one 
of the 52 teeth is automatically selected and the 
participant has to correctly select the parameters from the 
horizontal shade guide. The visualization of the test tooth 
and the selected group from the color key is performed 
through an opening (60x60 mm) placed in the center of 
the mechanical device. The parameter selection is 
performed through arrow buttons that position the key in 
accordance with the participant selection. Training 
involves undergoing 3 practice exercises with varying 
levels of difficulty and the final test that measures 
knowledge and color selection capacity through a final 
assigned score. In the first practice exercise, the subject 
needs to correctly select the lightness of the test tooth, 
while in the second, both lightness and chroma need to 
be determined. In exercise 3, the participant needs to 
select the appropriate corresponding tooth from the color 
key by correctly appreciating all 3 parameters: lightness, 
chroma and hue. Each exercise requires the correct 
determination for 8 teeth tests, otherwise the participants 
are not able to move forward until a correct determination 
is made. After the completion of the 3 practice exercises, 
participants need to undergo a final test in which all three 
color parameters need to be determined for 15 test teeth. 
At the end of the test, they receive a score with a 
maximum of 1000 points. While each parameter is 
important in dental color determination, the lightness 
parameter has a greater weight in the assigned score.  

In step 3 of our study, the same 6 tabs from the 
3D-Master shade guide, whose color was initially 
determined, were re-assessed by the participants and the 
results were recorded on a different worksheet. All 
assessments were individual and they were carried out 
under the same environmental conditions.  

Results 

The sample group consisted of 60 students, 19 
males, and 41 females, aged between 22 and 50 years, 
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with an average age of 24. Each student performed the 
color determination for 6 tabs out of the shade guide 
(before and after the TTB exercise), a total of 360 color 
determinations at two points in time.   

Improving the ability for dental color 
determination is a desirable goal, given that an important 
percentage of the evaluations (n=117; 32,5%) were 
incorrect in both assessments (T1 and T2). One can 
observe that value (L) – the color component perceived 

as having the highest weight in visual perception – was 
incorrectly determined at both moments in time (before 
and after) in just 40 cases out of the 360 (11%). Analyzing 
the correctness of color determination for the 6 tabs from 
the 3D-Master shade guide prior and after the TTB 
exercise, it was observed that in general, there was no 
impact on the assessment of the 6 tabs from the key or 
even a negative impact as in the case of value 
determination (Table 2).  

	
Table 2. Accuracy in the determination of dental color components 

Parameter Correct in T1 
and  T2 (no) 

Correct in T1 incorrect in 
T2 (no) 

Incorrect in T1 correct in 
T2 (no) 

Incorrect  
in T1 and T2 (no) 

p 

Tooth color 95 84 64 117 0,118 
L 193 76 51 40 0,033 
C 129 75 69 87 0,667 
h 149 72 64 75 0,548 

T1- before TTB exercise 
T2- after TTB exercise 

 
Students perceived the teeth colored 3L1,5 and 3M2 as the hardest to evaluate (Table 3). 
 

Table 3. Accuracy in dental color determination for the 6 tabs 
Tooth 
color 

Correct in T1 & T2 
(no) 

Correct in T1, incorrect in 
T2 (no) 

Incorrect in T1 correct in 
T2 (no) 

Incorrect in T1 & 
T2 (no) 

p 

2R2,5 19 17 5 19 0.017 
3L1,5 7 12 9 32 0,664 
4R1,5 19 10 15 16 0,424 
3M2 9 17 12 22 0,458 
2M3 26 8 8 18 1,000 
4L1,5 15 20 15 10 0,500 

 
Students who failed to correctly determine the color of one of the teeth during the allocated time in the TTB 

exercise received lower scores than those who managed at least once, before or prior to the TTB exercise (Table 4). 
 

Table 4. TTB score distribution according to the accuracy of the determination 

Accuracy of tooth color determination 
TTB Score 

Mean Median 
True 875,1474 864,0000 

False once, correct once 830,6846 863,0000 

False all the time 811,3362 847,0000 

	
Using the Kruskal-Wallis test, it was observed 

that there were statistical significant differences in the 
scores of the students who have always correctly 
determined the color, those who have determined it at 
least once and those who have never managed a correct 
identification (p<0.0001). Using the Mann-Whitney test, it 
was observed that there were no differences between 
those students who have always correctly determined 
color and those who have determined it correctly at least 
once but there were differences between the latter ones 
and those students who have never correctly determined 
color at any point in time (p<0,001 and p=0,001). 

Discussion  

Because clinical experience is an important 
factor in color determination [18-20], students with no 
clinical experience were selected for this study protocol. 
The results demonstrated that students have a problem in 
correctly performing the dental color determination, which 
makes these exercises a necessity, especially for young 
professionals. Through this exercise, the applicant can 
better understand the complexity of dental color while, at 
the same time, it can be a test to evaluate the native 
individual ability to perceive dental color. Those 
individuals who understand their difficulties in color 
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perception capacity and evaluation will need to focus and 
practice more via exercises for color determination, thus 
improving their perception capacity and color 
determination abilities. The same effects were observed 
in the study of Wunnemann and in Olms’s study. In his 
study, Wunnemann concluded that the training program 
has a positive effect on dental color determination when 
using the Vitapan Classic [21]. In the study of Olms [22], 
78 students from 4 medical universities were split into 2 
groups (42 and 36 respectively). The study group (42 
participants) followed the TT and TTB exercises while the 
others did not participate in training exercises. All 
participants undertook an initial and then a final test, that 
consisted in the evaluation of one shade (3M3) from the 
3D-Master shade guide in comparison with the 7 shades 
from the classic key. An improvement in color 
determination was observed in the study group. A study 
presented at IADR, in 2006, by Hannak from Charite 
University, Berlin [23] illustrated the importance of TTB in 
teaching color determination. 77 students (29 students in 
the study group and 48 in the control group) participated 
in a study concerning the efficiency of the tooth guide 
trainer (TGT), toothguide training box (TTB) and 
toothguide check box (TCB). The study group performed 
the color determination exercises by using TTB and TT, 
while the participants in the control group did not. The 
examination consisted of tooth color determination for a 
patient wearing a modified full denture (a duplicate 
maxillary denture, whose upper frontal teeth were 
replaced from tooth 15 to tooth 25 with teeth from the Vita 
3D-Master shade guide). The dental color was 
determined by using the 3D-Master and Vita Classical 
shade guides. Comparisons were made between the 
chosen color and the existent color on the duplicate 
denture about the overall color and the difference 
between the values of the compared teeth. Significant 
differences were observed between the two groups, thus 
highlighting the importance of TT and TTB in teaching and 
learning the teeth color.  

Studies that used shade tabs out of shadeguides 
[24-26] reached similar conclusions with our own 
research. In a study from Beijing University, 31 graduates 
used TTB training for 3 weeks once a week [24]. They 
were asked to recognize 7 tabs from the 3D-Master shade 
guide before and after the last training. Their scores have 
improved over time and their determination times have 
decreased. Thus, TTB can improve the ability to 
determine color but has a limited impact in determining 
color for tabs removed from the color key – a conclusion 
that overlaps with our study. In Virdee’s study [25], using 
TTB for 15 minutes did not improve the performance of 
color determination in the case of masked tabs. The 
conclusion was that the training effect on color 
determination was not fully understood and a further 
analysis is required. In another study conducted by Llena 
et al. on a group of 74 students who undertook the TTB 
exercise, participants were asked to recognize 10 shade 

tabs from the 3D-Master shade guide before and after the 
exercise. The correlation between scores, practice time, 
and percentage of correct answers were analyzed before 
and after practice. A higher number of correct answers 
were observed after the exercise as well as higher scores 
leading to a higher number of correct selections from the 
color key [26]. 

The TTB exercise most probably helps in 
developing practical capabilities through a better 
understanding of the required steps, but results suggest 
that it does not have a strong influence on the individual 
capability of determining color for samples taken out of 
the color key, especially in the case of a single TTB 
exercise.  

Conclusions 

Dental color determination is an important topic 
for dental practitioners especially for those involved in 
dental restorations, in which, in order to meet esthetic 
requirements, color must be correctly identified and used 
in relation with all the oral structures. To this point, dental 
color determination exercises have been able to illustrate 
the capacity to perceive dental color for all individuals 
involved in a case, have been able to train regarding the 
understanding of the complexity of the dental color as well 
as reveal practical aspects related to the determination 
and use of dental restorations in medical procedures.  

Our study showed that, in the case of dental 
color determination exercise, an important percentage of 
incorrect evaluations were for chroma (c) and hue (h), 
while a somewhat lower value (L) was expressed for the 
parameter of color, considered as having the highest 
impact in the visual perception regarding the tooth color 
determination.  

Improving one’s ability to determine color is an 
important and necessary aspect for dental restorations, 
especially for young professionals, but also for those who 
have difficulties in perceiving colors. Our study showed 
that individuals who have always failed to correctly 
determine color during the exercise with tabs from the 3D-
Master shade guide have consistently recorded low 
scores on the TTB exercise.  

While no immediate positive impact was 
observed after one TTB exercise, associated with the 
identification and determination of shades tabs out of the 
shade guide, through repeated exercises, individual 
perception could be improved, thus increasing the 
accuracy in the determination and use of dental color, in 
prosthetic restorations.  
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