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Abstract:
Objective:
Shade selection is a crucial step in achieving aesthetically-pleasing restorations, and it is affected by the dentist’s ability to match the shade of the
patient’s teeth. Color Deficiency Disease (CVD) has been thought to be a potential factor affecting color perception. The study aims to find the
prevalence of CVD between dentists and dental students and to evaluate its effect on shade matching ability.
Methods:
A sample of 319 dentists and dental students in the College of Dentistry at Ajman University, Ajman, UAE was examined with the Ishihara test to
find the prevalence of CVD. Then participants with CVD were tested for shade matching ability, and were compared to participants with normal
color vision with the same gender and qualification level. They were asked to match 10 random composite samples with different shades to a
custom shade guide made from the same composite material. A score was calculated, representing the number of correct answers they achieved.
Results:
The results showed that 8 out of 143 males (5.6%) had CVD, and 0 out of 176 females had CVD. There was no significant difference in the score
of shade matching test between participants with CVD and participants with normal color vision (p=0.075).
Conclusion:
Males showed a higher prevalence of color vision deficiency than females. CVD had no significant effect on shade matching ability.
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1. INTRODUCTION
Dental appearance is an important characteristic in
defining the attractiveness of the face, and a person’s smile has
psychological importance and plays a key role in human social
interactions. There are some significant aspects affecting
overall dental appearance like tooth color, position and shape,
quality of restorations and the general arrangement of the
dentition, specially of the anterior teeth [1, 2]. It has been
shown that treatments improving dental aesthetics increase the
patients’ quality of life and psychological status [3, 4].
Tooth color is one of the most important factors as people
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ents are now more concerned about matching the shade of their
aesthetic replacements to their teeth more than the quality of
the restoration [6, 7]. When restoring a tooth, an accurate shade
selection of the restoration material is a very crucial step to
achieve a successful aesthetic restoration, whether it is a
crown, a veneer, or a composite restoration [6, 8]. Shade
selection can be done using the visual method or using
instruments and equipment. Both methods have their
advantages and disadvantages, but the visual method is still the
most used because of its simplicity and lower cost [9 - 13].
However, color perception might vary from one person to
another [10 - 14], and this can affect the aesthetic quality of the
final restoration and the patient’s satisfaction. The difference in
color perception can have numerous causes such as eye fatigue,
background color, quality of light, inexperience, and hereditary
deficiencies in color perception [15].
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Color Vision Deficiency (CVD) is a common defect of the
human eyes, that affect the perception of color. Studies showed
that the prevalence in males is much higher than females [16,
17]. It occurs due to missing one or more of the three groups of
color cones cells, which are located within the retina of the eye,
and these cones are mainly sensitive to red, green, and blue
colors [16 - 19]. It can be acquired or hereditary. Acquired
color deficiency, which may be due to macular disease, optic
nerve diseases, degeneration of retina, toxins, and ageing can
affect one or both eyes to different degrees. Whereas, the
hereditary color deficiency is genetic and affects both the eyes
to the same degree [20]. CVD can cause changes in color
vision ranging from mild deficiency to total inability to detect
color. CVD can be divided into three categories;
Monochromacy, also known as color-blind, which is a
complete absence of color vision, and it is the least common
type. Dichromacy, which is less severe than Monochromacy,
and is divided into sub-categories; Protanopia and
Deuteranopia, which are known as red-green defects, and
Tritanopia, which is known as a blue-yellow defect. The third
category is called Anomalous Trichromatism, where subjects
are sensitive to all three hues [19 - 22].
CVD can cause difficulties in everyday life. One study
showed that 75% of 102 participants with CVD reported some
degree of difficulty, and there was a correlation between the
proportion reporting difficulty and the severity of CVD [23]. It
was also shown that professionals in the medical field with
CVD were having difficulties in some aspects of their work,
specially while doing different types of examinations and
diagnosis [23].
There are various tests for CVD, but the most popular one
is the Ishihara test, which is less time consuming and less
expensive than the other tests [22]. The Ishihara test is a color
perception test for red-green color deficiencies, which are the
most common type [18, 24 - 26]. It consists of 38
Pseudoisochromatic Plates (PIP), which are figures or patterns
that show a circle made of dots varying in sizes and color, and
within the circle, a digit or a curved line made of different
color dots. For a normal person with no CVD, the digit or the
line stand out clearly from its background. When administering
the test, observers are required to identify the pattern or figure
embedded in the plate [25, 26].
The aim of this study was to determine the prevalence of
color deficiency disease among dentists and dental students in
the College of Dentistry at Ajman University, Ajman, United
Arab Emirates, and to evaluate the ability to select suitable
shades for esthetic restorations for participants with CVD and
compare them to participants with normal color vision.
2. METHODS
Ethical approval was obtained from the ethical committee
of the College of Dentistry at Ajman University with reference
number (RD-2017/18-06-S). Informed consent was taken from
all participants. The study was divided into two parts; the first
part involved screening dentists and dental students for CVD
while establishing an estimated prevalence of CVD. The
second part involved finding the effect of CVD on shade
matching of composite resin.
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A sample of 319 participants with age ranging from 20 to
60 years was tested with a color vision test (The Ishihara test).
All participants were practicing restorative dentistry and were
involved in the shade selection of different types of
restorations. The sample consisted of 143 (44.8%) male
participants and 176 (55.2%) female participants. The sample
involved dental students in clinical years (4th, 5th and internship
years), general dental practitioners (GDP), and dental
specialists from restorative and prosthodontic departments.
Participants were asked to identify the plates of the Ishihara
test in a controlled environment with a distance of 75cm and
daylight, as suggested in the Ishihara user manual. The test
consisted of 38 plates that were divided into two groups; the
first group of 25 plates had a digit inside of a background.
Participants were asked to identify each number within three
seconds and record their answers on a test paper. The second
group (plates 26 to 38) had a continuous line instead of
numbers (snake-shaped lines). The participants were asked to
trace and follow these lines and record the color of the lines on
the test paper. By the end of each test, the participant’s answers
were compared to the list of the correct answers, as it was
mentioned in the Ishihara user manual. Then data was
collected, and participants with CVD were identified.
During the second part of the study, the aim was to
measure the accuracy of shade matching ability of participants
with CVD, and compare them with participants with normal
color vision within the same gender and qualification level.
Since only male participants were found to have CVD in the
first part, the second part was done only for male participants.
Eight male participants were found to have CVD. The
participants with CVD were categorized into four groups
according to their qualification level (4th-year students, 5th-year
students, Internship students and GPs). Ten participants with
normal color vision were selected randomly from each
qualification group making a total of 40 participants with
normal color vision. One of the participants with CVD declined
to join the second part. The total number of participants with
CVD was 7 participants. The results of those 7 participants
were compared to the results of the 40 participants who were
with normal color vision.
In this test, each participant was provided a glass slab that
contained 10 cured composite resin samples (ZENIT Nano,
President Dental, Germany). The samples were made into the
shape and size of the maxillary central incisor, and each sample
was made from a different shade of the same composite. The
following shades were used (A1, A2, A3, A3.5, A4, B1, B2,
B3, C2, and C3). The samples were numerically coded
randomly (Fig. 1). A custom shade guide was made from the
same composite material using “My Shade Guide Mini Kit”
(3M ESPE, St. Paul, MN, USA). The shade guide consisted of
10 composite samples that were marked with their shades, and
they were made into the same size and shape of the composite
samples on the glass slab (Fig. 1). Vita Easyshade Vunit (VITA
Zahnfabrik, Bad Sackingen, Germany) was used to confirm
that the composite samples on the glass slab and the samples
on the custom shade guide were matching in the shade.
Initially, 20 composite samples were made, but then they were
reduced to 10 to make the test less difficult to the participants;
this explains the numbers on the samples on the glass-slab (Fig.
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1). All 47 participants were asked to match between the
composite samples and the custom shade guide, and record
their answers on the test paper. Then the correct answers were
calculated for each participant, and a score was given out of 10.

(n=40) had an average test score of 7.75 when matching the
shade of the random composite samples to the custom shade
guide, while the participants with CVD (n=7) had an average
of 5.14. Table 1 shows the minimum, maximum, mean and
standard deviation of the two groups. However, the statistical
analysis using Chi-square showed that there was no significant
difference between the normal vision group and the CVD
group (p=0.075).
4. DISCUSSION
The ability to match the shade of tooth-colored restorations
to that of the natural teeth is very important to any restorative
dentist. Ideally, the restoration should match the exact shape
and color of the patient’s natural tooth. Color perception can
differ between individuals due to multiple factors, and this can
affect shade selection [27]. Color vision deficiency, therefore,
might affect dental practitioners when they want to match the
shade of patient’s teeth. The results showed that the prevalence
of CVD among males (5.6%) was higher than females (0%). It
was shown in multiple researches that the prevalence of CVD
in males is much higher than females [16 - 18, 22]. The
prevalence of CVD in the UK was found to be 8% in males and
0.5% in females [23]. Color vision defects are inherited as Xlinked recessive disorder, which explains its predominance
among the males.

Fig (1). A glass-slab with 10 cured composite samples randomly
numbered, and a custom shade guides made from the same composite
material (ZENIT Nano, President Dental, Germany).

Statistical analysis was conducted at a 5% significance
level using (SPSS Inc., version 20.0; Chicago, IL, USA). Chisquare test was used to compare the test scores of the CVD
group and the normal color vision group.
Table 1. Scores of the shade matching ability test,
comparing the normal color vision group and CVD group.
Groups

Total Minimum Maximum Range Mean Standard
N
Deviation

Normal
color
vision

40

3

10

7

7.75

1.78

CVD

7

4

8

4

5.14

1.49

-The test involved matching 10 composite samples, every correct answer yield 1
point (minimum 0, maximum 10).

3. RESULTS
Out of the 319 participants that were tested in the first part
of the study, 143 were males (44.8%) and 176 were females
(55.2%). The results showed that 8 males out of 143 (5.6%)
were with CVD, and no females were found with CVD. All of
the 8 males had the red-green type of CVD. Two of them were
4th-year students, three were 5th-year students, one was an
internship student, and two were GDP clinical instructors. In
the second part, a sample of 47 participants (males only) was
tested for shade matching ability of composite, including 7
participants with CVD and 40 with normal color vision. The
results showed that participants with normal color vision

The Ishihara test does not identify individuals with full
color-blindness; individuals diagnosed by the Ishihara test
might still identify the primary colors correctly. Other methods
like the Naegelanamaloscope test and the Franseworth-Munsell
hundred hue test are also available to test for color vision.
These tests are more accurate but more time-consuming.
Therefore, not appropriate for mass screening. The Ishihara test
was selected because it is easier and quicker to perform, and it
is still accurate enough for the assessment of CVD in mass
screening [22, 25].
The results of this study found that there is no significant
difference in shade matching ability between participants with
CVD and participants with normal color vision. This confirms
the results of a study done in 2017 that has found similar
results [16]. However, other studies found a difference and that
individuals with normal color vision performed better in shade
matching than individuals with CVD [28, 29]. Therefore, more
research might be required with larger populations to reach a
definitive conclusion. Nevertheless, it is recommended that
color vision screening tests should be done regularly to identify
dentists with CVD, and their shade matching ability should be
tested, and in case it was found to be inferior, it is advised that
an assistant should help those dentists when it comes to shade
selection. In addition, the use of electronic shade guides and
spectrophotometers can be a useful tool in the shade matching
of teeth to help reduce possible errors.
Moreover, it should be pointed that the overall shade
matching of the participants was not optimal even for those
with normal color vision as they scored an average of 7.75 out
of 10, which means their shade matching was not accurate
22.5% of the time. This can be explained by the lower
experience, as most of the participants were students or
residents. It has been shown that the majority of dentists are
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using visual shade matching, and it was reported that there was
a high rate of error [30]. Shade matching exercises and training
for dental students, dentists and dental assistants can be
beneficial in improving their shade matching ability leading to
better aesthetic restorations and increasing patients’
satisfaction.

[4]

CONCLUSION

[6]

Within the limitations of this study, it was concluded that
males showed a higher prevalence of Color Vision Deficiency
(CVD) than females. There was no significant difference in the
shade matching ability of composite resin between dentists
with CVD and dentists with normal color vision.
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