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Abstract Objective The current research was conducted to evaluate the frequency of color-

vision deficiency among dental students of King Khalid University College of Dentistry,
Saudi Arabia.

Materials and Methods A cross-sectional study was performed among 203 dental
students working as interns at male and female dental clinics of King Khalid University
College of Dentistry (KKUCOD), Saudi Arabia. The Ishihara color-vision deficiency
(CVD) test with 24 plates was used for diagnosis of the problem. Analysis of the data
was done by performing Chi-square tests using SPSS software version 20.

Results The frequency of total CVD was found to be 3.9%. While the association of
gender with total CVD was observed to be statistically nonsignificant, a statistically
significant relation was drawn with red-green color deficiency. Out of the total of
203 patients, 44 males were identified with red-green color deficiency, whereas only
three females were found to have this condition, therefore revealing that CVD is more
prevalent in males. Age was found to have a significant association with red-green
color vision deficiency, protanopia, and total CVD.

Conclusion A total of 20.19% male dental students had red-green color vision defi-
ciency compared to 1.4% in female students. The dental students must be aware
of their congenital color vision deficiency and its impact on their professional life.

Keywords
= color vision
= dental students

= dentistry Screening of such dental students and professionals is quite important so that they

= red-green color vision  can tackle the color vision problems well without having detrimental effect on their
deficiency future dental practice.

Introduction color, such as the changes seen in oral mucosa in different

oral lesions. Color-vision deficiency (CVD) is a medical ail-
ment where an individual is unable to differentiate colors
and experience disturbances of color perception. It occurs
when the amount of visual pigment per cone photorecep-
tors is less or when more than one cone system is absent.> In
other words, people with the absence of red, green, or blue
cones in the retina find it extremely difficult to determine
the difference between these colors. In a functional visual
system, the three-cone photo pigment is formed due to their

An adequate color vision and the ability to correctly per-
ceive all colors is an essential variable in dentistry, espe-
cially during tooth-restoration procedures using various
tooth-color shades.! A dentist with a normal color vision
can appropriately identify the individual shade variability
of the teeth and accordingly provide efficient dental care.?
Color vision plays a crucial role in dentistry, as several med-
ical conditions are identified by scrutinizing the changes in
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reaction with the light of varying wavelengths. If there exists
genetic mutation affecting the expressions of these cones,
CVD syndrome is recognized. CVD is most common among
males compared with females with a ratio of 8:0.5%.! While
CVD does not result in complete blindness, individuals with
this condition find that it challenging to perform everyday
functions as they lack an understanding of the visual world.*

Medical doctors or dentists with CVD encounter several
difficulties in their practice when trying to identify the signs
of diseases, thereby leading to diagnostic errors. The inability
to determine clinical signs based on color and shade is dis-
advantageous in aesthetic restorative dentistry.> The clinical
errors made by those with CVD are higher than those with
normal color vision. Dentists with red-green color vision
deficiency find it challenging to determine the color due to
lighting conditions and color temperature.®

Furthermore, abnormal color vision is regarded to be
untreatable and nonprogressive, which is troublesome and
is rendered as a grave issue in dentistry.* Several dentists
do not acknowledge the severity of this issue, and few are
even unaware of their color deficiency. However, because of
limited evidence, the real impact of CVD on the professional
lives of dentists is unclear, especially regarding the practice of
restorations. Moreover, among dental students, the undiag-
nosed CVD could prove to be a detriment to the performance
of an affected student. Therefore, the purpose of the current
study was to evaluate the frequency of CVD among dental
students of King Khalid University College of Dentistry, Abha,
Saudi Arabia.

Materials and Methods

The current study was cross-sectional research conducted
among dental students working in clinics at the male and
female campus of King Khalid University College of Dentistry.
A convenient sample of 203 students and interns was
selected for the study. The patients were ruled out for any
vision related refractive errors. The study makes use of the
Ishihara color test that is efficient for detecting color vision
deficiency. The test includes 24 plates; 1 to 17 plates com-
prise of a number and 18 to 24 plates comprises two or more
free-hand lines. The participants were made to sit approx-
imately 75 cm from the monitor with each circle set at eye
level with mild natural light and no glare on the screen. The

participants were asked to identify the hidden number or
line on each plate within 5 seconds. The inputs of the par-
ticipants were noted, and were cross-checked with answers
that were displayed on the screen after clicking on each plate.
Chi-square tests were performed using SPSS version 19 (SPSS
Inc., Chicago IL) for data analysis.

Before the conduct of the test, the examiner was cali-
brated for performing the CVD test. Kappa statistics was used
to assess the intraobserver reliability. Kappa coefficient was
found to be 0.8 (substantial). Male and female dental students
and interns willing to participate in the study were included
except those having medical/systemic problems and also the
preclinical students were excluded from the study.

Ethical Considerations

The current study ensured that all the ethical rules are fol-
lowed by taking necessary permissions from the University.
Ethical approval was obtained from the Scientific Research
Committee, King Khalid University College of Dentistry Abha
(SRC/ETH/2018-19/099). Informed patient consent was
taken from the participants before start of the study.

Results

It is understood from the analysis that total color vision
deficiency was observed among 3.9% of the sample. Around
21.7% (47) of the population had a red-green deficiency, and 2%
of them had protanopia, a state where the red cone is absent.

A statistically nonsignificant (p = 0.678) difference was
found when CVD and normal vision were compared based
on gender. As per the analysis, there was no statistically sig-
nificant association between gender and prevalence of pro-
tanopia. Gender was found to be statistically associated with
red-green color deficiency, where 41 males were found to
have a red-green color deficiency, and only 3 females were
diagnosed with this deficiency (=Table 1). The analysis
revealed that gender has no statistically significant impact
on the total CVD (=Table 2).

Association between Age and Color-Vision Deficiency

As per the analysis, it is observed that age was a crucial factor
that affects the overall vision of the participants. According to
the study, 33.3% of the participants lying under the age group
of 26 to 28 years had a lower vision. The vision is depleted

Table 1 Comparison of normal and red-green color deficiency based on gender

Crosstab
Red-green color deficiency Total
Normal Present

Gender Male Count 62 41 103
% within Gender 60.2% 39.8% 100.0%

Female Count 97 3 100
% within Gender 97.0% 3.0% 100.0%

Total Count 159 44 203
% within Gender 78.3% 21.7% 100.0%

Note: statistically significant (p = 0.000).
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Table 2 Comparison of normal and total color-vision deficiency based on gender

Crosstab
Total color-vision deficiency Total
Normal Present
Gender Male Count 101 2 103
% within Gender 98.1% 1.9% 100.0%
Female Count 94 6 100
% within Gender 94.0% 6.0% 100.0%
Total Count 195 8 203
% within Gender 96.1% 3.9% 100.0%
Note: statistically non-significant; p = 0.130.
Table 3 Comparison of frequency distribution of color-vision deficiency and normal based on age
Crosstab
Vision Total
Deficient Normal
Age category 20-22 years Count 1 65 66
% within age category 1.5% 98.5% 100.0%
23-25 years Count 2 132 134
% within age category 1.5% 98.5% 100.0%
26-28 years Count 1 2 3
% within age category 33.3% 66.7% 100.0%
Total Count 4 199 203
% within age category 2.0% 98.0% 100.0%
Note: statistically significant; p = 0.000.
Table 4 Comparison between normal and protanopia patients based on age
Crosstab
Protanopia Total
Normal vision Protanopia
Age category 20-22 years Count 65 1 66
% within age category 98.5% 1.5% 100.0%
23-25 years Count 132 2 134
% within age category 98.5% 1.5% 100.0%
26-28 years Count 2 1 3
% within age category 66.7% 33.3% 100.0%
Total Count 199 4 203
% within age category 98.0% 2.0% 100.0%

Note: statistically significant; p = 0.000.

with increasing age (=Table 3). There is a significant associ-
ation between age and prevalence of protanopia where the
participants with older age were more susceptible to prota-
nopia. The p-value is found to be significant (~Table 4).

As per the analysis, age is found to be associated with red-
green deficiency, where participants with 23 to 25 years of
age (30.6%) and those with 26 to 28 years (33.3%) have this
deficiency. Also, 3% of participants of 20 to 22 years of age
had red-green color deficiency. p-Value is observed to be

significant (=Table 5). The analysis revealed that age has a
significant impact on the total color vision deficiency. The
same is reflected in =Table 6.

Discussion

The presence of CVD causes difficulties while performing
clinical investigations by medical/dental professionals.”®
In medical profession, the physicians have to come across
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Table 5 Comparison of frequency distribution of red-green deficiency and normal deficiency based on age

Crosstab
Red-green color deficiency Total
Normal Present
Age category 20-22 years Count 64 2 66
% within age category 97.0% 3.0% 100.0%
23-25 years Count 93 41 134
% within age category 69.4% 30.6% 100.0%
26-28 years Count 2 1 3
% within age category 66.7% 33.3% 100.0%
Total Count 159 44 203
% within age category 78.3% 21.7% 100.0%

Note: statistically significant; p = 0.000.

Table 6 Age versus total color vision deficiency

Crosstab
Total color-vision deficiency Total
Normal Present
Age category 20-22 years Count 63 3 66
% within age category 95.5% 4.5% 100.0%
23-25 years Count 130 4 134
% within age category 97.0% 3.0% 100.0%
26-28 years Count 2 1 3
% within age category 66.7% 33.3% 100.0%
Total Count 195 8 203
% within age category 96.1% 3.9% 100.0%

Note: statistically significant (p = 0.027).

the patients having conditions, such as cyanosis, jaundice,
hematuria or hematochezia, for which the changes in color
is to be observed keenly and with efficiency by the health
professionals for the appropriate diagnosis and treatment
of such diseases.’ For dental professionals, oral mucosa,
tongue, gingiva, palate are essential parameters to denote
color change to be monitored and examined in various oral
mucosal lesions such as leukoplakia, oral lichen planus, and
erythroplakia. Moreover, the shade-matching and selection
during prosthesis and esthetic restorative procedures are
also dependent on color vision among dentists. Even though
colorimetric instrumentation is used in modern dental prac-
tice, still the final shade-match approval is dependent on
the human observer.'® In yet another previously conducted
research, it was observed by Davison and Myslinski'' that a
significantly higher number of errors in matching hue and
chroma depicting the color and saturation of teeth was made
by dentists suffering from CVD when compared with those
with normal color vision.

The Ishihara test for CVD and American Optical Company
Hardy-Rand-Ritter (AOH-R-R) test are commonly used reli-
able color vision tests wherein pseudoisochromatic plates
are used to detect the CVD of an individual.'”> The current
study has utilized the Ishihara-24 plates color deficiency
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test for diagnosis of the color-vision related problems of the
participants.

It was inferred from the current study that the preva-
lence of total CVD among study participants was 3.9%. A
study by Khalid et al' also found a frequency of 3.75% CVD
among dental students depicting similar results to that of
the present study. Out of the total participants, 21.7% were
diagnosed with red-green CVD, while 1.97% had protanopia.
Gender was found to have a statistically significant relation
with red-green color vision deficiency; however, it was non-
significantly related to the total CVD. As compared with the
literature review, Khairoalsindi et al*? studied the extent and
factors affecting CVD among health science students wherein
the researchers used survey method and deployed 24-plate
Ishihara’s test of color vision chart among 1,126 students.
It was observed that males experience a higher prevalence
of CVD as compared with females. While two students had
Tritan CVD (blue-yellow color blindness), 18 had Duran CVD
(reduced sensitivity to green light). Several of the students
who were diagnosed with CVD were not aware of having this
defect. CVD was also revealed to be affected due to family
history, where students who had family members with this
deficiency were more susceptible to CVD. While the current
study did not consider the factor of family history, gender



was a considered factor, which, however, as opposed to the
study by Khairoalsindi et al,”® had no significant association
with total CVD. Our results were similar to that of a study by
Khalid et al," who found no significant association between
gender and CVD. The current study, however, found a statis-
tically significant difference between male and female sub-
jects with red-green color vision deficiency. This revelation
is in alignment with the study by Siddiqui et al,’* wherein
the prevalence of red-green color vision deficiency in med-
ical and dental students was studied. They compared the
results with the CVD identified among nonmedical students.
Ishihara’s color vision charts were adopted to test the defi-
ciency among 926 medical and dental students. The study
found that the prevalence of the red-green CVD was 2.75%;
however, no relevant difference was observed between the
prevalence of CVD among medical students and nonmedi-
cal students. CVD was also found to be more in males than
females. This is also similar to the current analysis, where
males were found to have a higher prevalence of red-green
color vision deficiency when compared with females. Males
are mostly affected while females are carriers for a color-vi-
sion abnormality as the defect is an X-linked recessive trait.!

Along similar lines, Alharfi et al'® examined red-green
color deficiency among medical students by using Ishihara’s
charts. But 2.7% of deficiency was encountered where both
females and males were observed to have CVD, although the
prevalence was slightly higher among males. Woldeamanuel
and Geta used Ishihara’s pseudo isochromatic test 38 plates
and also conducted interviews with students to evaluate
their color vision. The results confirmed that there was a
prevalence of 4.1% CVD, where males had a higher count.
Most of the students detected with CVD were unaware of this
condition and most were identified with deutan defects.!”

As per the analysis of the current study, the vision of the
participant was normal and had no association with CVD as
the students with CVD were observed to have proper vision.
However, as opposed to this result, Alharfi et al'® found that
few of those having diagnosed with CVD also had other
vision-related problems. Few of them also had a history of
CVD disorder among their families, but the majority had no
such issue. Therefore, no conclusions can be drawn with the
relationship between family history of CVD and the prev-
alence of CVD. With similar results, Chandler et al'® also
observed from their study that color blindness or CVD is not
related to the vision of the patient, which might be the rea-
son that the individuals having CVD mostly remain unaware
about it. This matches the present study findings, wherein
the patients were not known about their deficiency related
to color vision. Chakrabarti'® determined that CVD is a com-
mon issue affecting the daily activities of such individuals.
Problems in learning, education, and work performance may
arise due to CVD. Doctors in different fields are observed to
report cases of difficulties with everyday tasks and training
in medicine. The researchers found that factors, such as the
severity of CVD, awareness level of doctors, and personal
characteristics, affect the impact of CVD on an individual. To
help them cope with this disorder, it is essential to have early
detection and providing support.

Color Blindness and Dentistry Algahtani et al.

The current study observed a significant impact of age on
vision, red-green CVD, protanopia, and total CVD. As deter-
mined by Vodanovié¢ et al,?° vision is primarily affected by
age and is a normal phenomenon. The current study found
that age is significantly related to CVD, as students with 26
to 28 years of age had a higher frequency of CVD. When com-
pared with the literature review, Nilawar et al*' observed that
dental professionals between the age group of 27 to 31 years
had a higher rate of CVD as compared with others. This is
in alignment with the results of the present study. Pramanik
et al?? also observed that age has an impact on the occurrence
of CVD. Chan et al® determined that CVD can be developed
as per the increase in age. As determined by Khodadadi and
Sadaghi,?* CVD is a relatively common issue that is impacted
by gender and age. Considering this, it is essential to have
early screening processes in place for detection.

Recommendations

Screening of dental students, dentists, and dental profession-
als is recommended for CVDs, so that they are aware of their
problem and hence overcome the same by adopting alterna-
tive ways to avoid any errors while working on the patients.
For shade matching, the dental students having CVD should
get training with the tooth-guide trainer. It would enable
them to work with reasonable confidence and to gain patient
satisfaction regarding the treatment. If the color deficiency
would be detected at an early stage of students’ life, then they
would accordingly choose their career in the future.

Areas of Future Research

Future research should take into consideration the elated fac-
tors such as family history while studying CVD. Larger sam-
ple size may be considered to increase the external validity
of the study.

Conclusion

It was inferred from the current study that total color vision
deficiency was observed among 3.9% of the sample. Around
21.7% (47) of the population had a red-green deficiency, and
2% of them had protanopia. When evaluating the impact of
gender and age on CVD, the study found an insignificant
association between gender and CVD, but a conclusive sig-
nificant relation between age and CVD. It is essential to note
that as CVD can affect the performances of dentists in the
future, they must be aware of this deficiency and must be
screened to identify it.
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