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ABSTRACT

Matching tooth color with restoration is one of the most difficult tasks in restorative dentistry. One of the important aspects
of dental education is teaching and learning color matching. The purpose of this study was to investigate the effect of the
teaching method on improving the ability to determine color by dental students. In this study, dental students were
randomly divided into two groups. The first group was taught the methods of tooth color matching in person and
practically. In the second group, a training booklet was used for training. The students of each group were asked before,
after, and after 1 month to determine the color of the samples using the Vita Classic color determination series. The
evaluation of student's ability to determine color was done with the Pearson Chi-Square test with a sample size of 18 or 20
and with a confidence level of 95%. The training group with the booklet was significantly more successful in determining
the color of the fourth sample (P< 0.01). In none of the studied groups and any of the color samples used, the results one
month after the training were not better than the results before the training started. Also, there was no significant
relationship between the accuracy of color determination with the gender of the students and the use of glasses. Therefore,
the use of glasses and gender did not affect the accuracy of color determination. According to the obtained results, it can
be concluded that training with a booklet is more effective than practical training for dental students in improving the

accuracy of color determination.
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Introduction

Today, paying attention to the aesthetic dimension is one of
the most important and most important aspects of treatment
during the provision of dental treatments. As the level of
society's culture rises and the growth and development of
oral hygiene, people's attention to having beautiful-looking
teeth is increasing day by day. When performing cosmetic
treatments to create a beautiful and natural restoration, in
addition to having the necessary knowledge, the dentist
must consider other artistic factors such as the composition,
shape, symmetry and proportion, color and transparency of
the treated tooth, and coordination with the rest of the teeth
and the patient's face. Consider to get the desired result [1,
2]. The science of color is one of the important tools to
achieve this goal and obtain the best and most beautiful
treatment result, for this reason, color is considered one of
the important categories of dentistry [3-5].

It is possible that in a restorative or prosthetic treatment, all
the necessary artistic factors have been observed, but due to
an error in color selection, the treatment will fail.
Incompatibility of the color of the restored tooth with other
teeth can cause economic problems such as replacement,
repair, or cost for the dentist, and result in patient
dissatisfaction and adverse job consequences for the dentist

[6]. It is possible to measure and determine tooth color by
visual methods or by using special devices. The eye method
is done wusing Shade Guides and tools such as
spectrophotometer and calorimeter can also be used to
determine color [7-9].

Various research has shown that the feeling and perception
of color varies from person to person. Gender may affect
color selection and determination, but the results of studies
on this matter are contradictory. The presence of different
light and color sources can also cause different results [10,
11]. Color is a complex phenomenon, and its recognition is
due to the existence of a physical stimulus and the exchange
of psychophysical signals between the stimulus and the
receptor cells of the eye, as well as the mental reaction of
the brain to the information transmitted from the receptor
organ. Therefore, it is important to report and understand all
three parts of this set of stimulus, receptor, and interpretation
in the brain, because a change in any of these parts causes a
false or inappropriate understanding of the real situation [12,
13].

Due to the perceptual nature of color matching, the ability
to choose color requires knowledge of the basic principles
of color science, training, and clinical experience. For this
reason, one of the important aspects of dental education is
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teaching and learning color matching. However, the direct
effect of training on the ability to visually evaluate color is
not precisely known [14, 15]. This article has tried to
compare and investigate the effect of two different teaching
methods on improving the ability to determine tooth color
by dental students, and in this regard, a more effective
method should be used in the education of dental students.

Materials and Methods

In this prospective and interventional study, the sample size
was calculated with values of a < 0.01 and B< 0.0, and 40
people were considered in each group. In the
implementation of this project, this number of students was
divided into two groups based on the table of random
numbers. The first group was students who were trained
face-to-face to learn the methods of tooth color matching. In
the second group, an educational booklet was used to teach
the students. The variables included two different training
methods, the gender of the participants, and the history of
using prescription glasses. The face-to-face and practical
training in the first group included participating in the
professor's classroom on the subject of color selection and
also seeing a demonstration at the patient's bedside for color
selection. In the second group, these trainings were provided
to the patients without being present in the classroom or at

the bedside, and only in written form in the form of
pamphlets.

In this study, using the Vita Classic color determination
series, the B4, D4, A2, and C2 color sample was selected
and the corresponding color code was covered, and then,
using another series of color samples, the students of each
group were asked to choose from a complete Vita color
sample. Determine the color of the samples before and after
the training and also 1 month after the training and enter the
desired color in the designed questionnaires. In determining
the color of each sample, the answers were checked at two
levels. The first is to correctly guess the desired hue (A, B,
C, D) and the second is to correctly guess the Chroma
number of each color sample. In this study, considering the
quality of the data, the Pearson Chi-Square test was used.

Results and Discussion

More than half of the participants in this study had no history
of wearing glasses. Also, 57.89% of the participants in this
study were women. Based on the Fisher's Exact statistical
test, it was determined that there was no significant
difference between the two studied groups in terms of
gender and history of using glasses (P > 0.05) (Table 1).

Table 1. The ability to determine the color by gender and the history of using glasses

Gender History of using glasses
Group — - Total (%)
Female (%) Male (%) Positive (%) Negative (%0)
Training with booklet 9 (23.68%) 11 (28.95%) 10 (26.32%) 10 (26.32%) 20 (52.63%)
Practical training 13 (34.23%) 5 (13.16%) 7 (18.42%) 11 (28.95%) 18 (47.27%)
Total 22 (57.89%) 16 (42.11%) 17 (44.74%) 21 (55.26%) 38 (100%)
The result of Fisher's Exact test P=0.112 P =0.532

There was no significant relationship between training with
both practical methods and pamphlets in the improvement
of color determination by students. There was no significant
difference between the type of training provided to the
participants and the correct ratio of determining the color of
the first (B4), second (D4), and third (A2) samples (P >
0.05). However, the training group with the booklet was
significantly more successful in determining the color of the
fourth tooth sample (C2) (P = 0.003). However, in none of
the studied groups and any of the color samples used, the
results one month after the training were not better than the
results before the training. Also, there was no significant
relationship between the accuracy of color determination
with the gender of students and the use of glasses (P > 0.05).
However, in the second color sample (D4), female students
performed significantly better (P = 0.036).

In total, it was found that the color determination of all four
samples, except for the fourth color sample (C2), in the
training group with pamphlets and practical training, had no

significant difference, and both types of training were useful
in color determination. Only in the sample of the fourth
color, teaching with a pamphlet has had better results, which
is discussed in the discussion. In all color samples, after one
month, the accuracy of color determination has decreased.

Gender and the use of prescription glasses did not have a
significant effect on determining the color, and male and
female people, those wearing glasses and those without
glasses, performed the same in determining the color.

In this study, the effect of two educational methods,
including practical training and by handbook, on the ability
to determine the color of clinical course students before
training, immediately after training, and 1 month after
training, considering gender and history of using glasses,
was investigated and compared.

Color selection by eye is the most common method of color
matching in dentistry [12, 14, 16-18]. To determine color
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based on visual evaluation and using color guides, principles
have been determined [19]. The clinical color selection
process requires the use of a color guide, the most famous
of which is the Vita Shade Guide [20].

Although various tools and equipment are available to
increase the clinical success in the color selection process,
visual selection is still a common method despite being
subjective and uneven due to the influence of factors such
as age, sex, experience, visual impairment training, and
fatigue of the eye receptors [19].

Due to the possibility of being affected by the determination
and perception of tooth color by gender, gender differences
were investigated in this study. In many studies, the
influence of gender on the ability to determine tooth color
has been investigated, but there is no general agreement in
this field [21].

In the present study, it was found that, except for the training
group with the booklet about determining the color of the
second sample, there is no significant difference between
gender and the correctness of the answer in other groups.
The second color sample, which was selected from the
classic Vita color guide series, was sample C2, in the current
study, 59.26% of the women in the training group with the
booklet recognized it correctly, while this percentage was
only 30% in the men's group, and a statistically significant
difference was observed (P=0.036). Also, although women
gave better answers than men in the practical group, it did
not reach a statistically significant level.

These results are consistent with the study of Nakhaei et al.
[22] who did not observe any difference between the ability
to distinguish Vita colors in different genders. Also, in the
studies of Curd et al. [23], it was shown that dental students
have no significant gender differences in terms of their
ability to choose tooth color. In the study of Daneshkazemi
et al. [24], there was no statistically significant difference in
the ability to correctly choose all the colors of the test in the
examined men and women. In some studies, it has been
reported that women have better color perception, especially
in the red and green ranges, while men have a higher ability
to perceive brightness and darkness [25].

Carsten suggests that people who do not have the right color
choice have a color vision disability. All men suffer from
this disorder to some extent, i.e. color vision confusion,
which may be temporary or permanent [26]. Based on the
study and available information, compared to the male
gender, due to the way inheritance of genes related to the
occurrence of color-sensitive cells in the retina, females are
probably more capable in terms of color vision [3]. Also,
Haddad et al. [27] in their research concluded that women
had a better choice of color compared to men.

Despite this, in the study of Gharemanloo et al. [28], male
students compared to female students showed a higher

percentage of repeatability while using both color guide
systems, although this issue was not statistically significant
and needs further study. In our study, it was found that a
high percentage of students who participated in this study
recognized the color sample correctly, but no significant
effect was observed despite the practical training or using
the pamphlet. Results did not follow the same pattern
between different color samples. For example, in the first
color sample, B4 was selected, a high percentage of
participants recognized the color correctly at the beginning
of the study. This ratio decreased after the pamphlet training
and after one month after the practical training, despite the
initial increase. Similar results were observed in other color
samples.

It should also be mentioned that one of the interesting results
of this study was that in none of the studied groups and any
of the color samples used, the results one month after the
training were not better than the results before the training.
This means that even if in some cases training has increased
the percentage of determining the correct color in the short
term, it has never had a positive effect in the long term.
These findings are consistent with the study of Della Bona
etal.

In the present study, a comparative study was also done
between the two methods of teaching with pamphlets and
practical training. Although in all samples of determined
colors, better results were observed in the group trained with
the booklet than in the practical training group, only in the
case of the fourth color sample (C2) there was a significant
difference. In other color samples, the difference was not
statistically significant. In this field, no similar study had
been done to compare the results, however, it seems that due
to the possibility of revisiting the teaching method with
pamphlets, probably due to the lack of acceptance and
patience of students to participate in face-to-face training in
addition to Classrooms, the teaching method with pamphlets
can be considered a more efficient method for dental
students.

In the study of Alfouzan et al. it was found that training and
practice on color selection can play an important role in the
accuracy of color determination. Gharemanloo et al. [28]
point out that clinicians compared to students, and students
compared to nurses, have a better understanding and
efficiency in the field of applying common methods of color
selection, and this indicates that adjustment courses
Training is useful for improving understanding and working
methods in this field. In our study, the history of using
glasses was investigated as a possible influencing factor in
the ability to determine color. Except in the first color
sample (D4) where people without a history of wearing
glasses performed better, in other color samples, people who
had a history of wearing glasses performed better, although
there was no significant difference in any of the color
samples. It did not (P<0.05). These findings seem to be a
sign of mild vision problems that exist in many people who
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are unaware of it or do not see the need to correct it because
it does not interfere with their daily lives and work.

Conclusion

According to the results of this study, it can be said that
pamphlet training has a greater role in improving the
accuracy of color determination than practical training for
dental students. On the other hand, the use of glasses and
gender did not have a significant effect on the accuracy of
determining the color of the selected samples in this study.
Among the limitations of the present study, we can point out
the lack of examination of the experience factor in the
accuracy of color determination, the lack of use of other
available educational methods, and the conduct of this study
in vitro, which is suggested to be included in future studies.
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