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Abstract: Background/Objectives: Tooth color is key in determining aesthetic appearance
during restorative and prosthodontic treatments. To establish a more reliable methodology
for shade selection, this study investigated differences in the discrimination and acceptance
of tooth color between dental and non-dental professionals, focusing on color attributes
such as lightness and chroma. Methods: This study included 30 dentists, 30 dental tech-
nicians, 30 patients, and 30 dental students. They were asked to compare pairs of shade
tabs with different lightness and chroma from the VITA Toothguide 3D-MASTER® (VITA
Zahnfabrik, Bad Sackingen, Germany). The number of answers in which participants could
discriminate color differences (discrimination numbers) and answers in which they could
not accept color differences (non-acceptance numbers) were recorded. Statistical analysis
was performed using Spearman’s rank correlation coefficient, the Mann-Whitney U test,
the Kruskal-Wallis test, and multiple regression analysis (p < 0.05). Results: Significant
factors influencing lightness discrimination were participant group and age, while those
influencing acceptance were subject group and sex. Conclusions: This study revealed dif-
ferences in the discrimination and acceptance of lightness and chroma between dental and
non-dental professionals, particularly concerning lightness. Dental technicians exhibited
a higher discrimination ability and stricter acceptance of lightness and chroma, regardless
of age. Based on an understanding of these characteristics, appropriate shade selection and
adequate communication will be important.
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1. Introduction

To achieve excellent esthetics in dental treatment, it is crucial to match the color of the
dental prostheses and restorative materials to that of the remaining natural teeth. Even
if the shape and form of dental prostheses are in harmony with those of the surrounding
teeth, any discrepancy in color can lead to patient dissatisfaction. Traditionally, visual
colorimetry has been the primary method for shade selection in dental practice [1], with
dentists and dental technicians using dental shade guides, such as the VITAPAN Classical
shade guide (VITA Zahnfabrik, Bad Sdckingen, Germany), and color samples to determine
the appropriate shade visually, often with patient confirmation. Reportedly, using instru-
ments for shade selection improves the accuracy of shade matching compared to visual
methods [2]. Nevertheless, it has also been reported that visual shade determination by
experienced dentists is extremely important [3].
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It is generally recommended that shade selection be performed by separately eval-
uating lightness, chroma, and hue [4-7]. The VITA Toothguide 3D-MASTER® (VITA
Zahnfabrik, Bad Sackingen, Germany), in contrast to the previously mentioned VITAPAN
Classical, is systematically arranged according to lightness, chroma, and hue [8]. Therefore,
it is designed to facilitate the selection of shade in accordance with the recommended
method. Lightness refers to the brightness and translucency of the tooth color, typically
described as “high lightness (bright)” or “low lightness (dark)”. Chroma refers to the
intensity or saturation of the color, described as “high chroma (vivid)” or “low chroma
(dull)”. However, there has been limited research on the accuracy with which clinicians per-
ceive and adjust lightness and chroma in actual clinical practice as well as on whether the
selected shade falls within an acceptable range for both patients and dental professionals.

To address these issues, it is necessary to clarify the extent to which humans can
discriminate differences in tooth color as well as the level of color discrepancy deemed
acceptable. Previous studies on shade selection often used dental professionals, such as
dentists, dental technicians, or dental students, as test subjects. However, considering that
esthetic outcomes are directly linked to patient satisfaction, it is important to clarify the
acceptance of color differences between dental professionals and patients and to establish
clinical guidelines based on these findings.

We evaluated two groups: dental healthcare professionals (dentists and dental tech-
nicians) and non-dental professionals (patients and dental students). Using shade tabs,
we investigated how each group discriminated tooth color differences and determined
the acceptable range for each color attribute, including lightness and chroma. Based on
these results, we aimed to establish a more practical and reliable methodology for shade
selection and contribute to the digitization of shade selection and subsequent treatment
processes. This study hypothesized that there is no difference in the discrimination and
acceptance of dental crown color differences, in terms of lightness and chroma, between
dental professionals and non-dental professionals.

2. Materials and Methods
2.1. Participants

All participants were screened for color vision deficiency using the Ishihara Test (Ishi-
hara’s Tests for Color Deficiency, Concise Edition, 14 Plates; Handaya, Tokyo, Japan). Partici-
pants suspected of color blindness were excluded from the study. All participants were ran-
domly selected from the population. After the screening, this study included 120 participants,
who were divided into the following four groups, each consisting of 30 subjects:

e  Dentists (15 males and 15 females, aged 27-62 years, mean age: 40.6 & 10.0 years,

mean years of clinical experience: 14.3 £ 9.7)

e  Dental technicians (25 males and 5 females, aged 20-70 years, mean age: 40.3 & 14.4 years,

mean years of clinical experience: 18.4 & 13.7).

e  Patients attending the University of Tokushima Dental Hospital (15 males and 15 females,
aged 40-64 years, mean age: 54.0 & 7.8 years).

e  Students of the School of Dentistry, Tokushima University (15 males and 15 females,
aged 21-33 years, mean age: 25.0 £ 2.6 years).

This study was conducted in accordance with the Declaration of Helsinki after obtain-
ing approval (approval number: 4356) from the Ethics Committee of Tokushima University
Hospital, and after fully explaining the experimental procedures and obtaining consent
from the test subjects.
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2.2. Shade Tab Specimens for Discrimination and Acceptance Tests

In this study, the VITA Toothguide 3D-MASTER® (VITA Zahnfabrik, Bad Sackingen,
Germany), which is systematically arranged according to lightness, chroma, and hue, was
used. Nine shade tabs from the VITA Toothguide 3D-MASTER were used as specimens
for shade selection, and the intermediate shade tab [3M2] was used as the control. For
the lightness test, we prepared tabs with the same chroma and hue as the control tab but
different lightness levels, and selected one lighter [2M2] and one darker tab [4M2] with the
smallest lightness difference. For the chroma test, three tabs were prepared with the same
lightness as the control tab but with different chroma and hue. Three tabs [3M3, 3R2.5,
and 3L2.5] with higher chroma and three with lower chroma [3M1, 3R1.5, and 3L1.5] were
selected from those with the smallest chroma difference.

In addition, the color difference between each shade tab was measured. The L*a*b*
color space is widely recognized as a method for quantitatively representing colors. This
color system, standardized by the International Commission on Illumination in 1976, is
expressed in terms of L* for lightness, and a* and b* for chromaticity, which represent the
hue and chroma [4,5]. In this study, the center of each shade tab was measured three times
using a spectrophotometer (CM-5, Konica Minolta, Tokyo, Japan), and after calculating
the average L*a*b* value, the color difference (AE00) from [3M2] was determined based
on CIEDE 2000. The mean AEQO of the tabs for the lightness test was 2.3 & 0.9, and the
mean AEQQ of the tabs for the chroma test was 2.4 £ 0.5, indicating that the color difference
between the two test tabs was almost the same.

2.3. Discrimination and Acceptance Tests for Shade Selection

The experimental procedure is illustrated in Figure 1. Two shade tabs were fixed to
a self-made gingival color holder made of auto-curing acrylic resin (PROVINICE FAST
8S, Shofu, Kyoto, Japan) and presented to the participants. One of the two shade tabs was
fixed with [3M2], the central color, as a control, whereas the other was changed sequentially
for presentation. Shade tabs were presented against a neutral gray background inside an
observation box (Foldio3, ORANGEMONKIE, San Diego, CA, USA) that reproduced a light
source at 5500 K, which is considered an ideal environment for color acquisition [9]. Based
on a previous report [10], the distance from the participants’ eyes to the sample was always
30 cm. The presentations of the tabs were performed in a random order.

Control
[3M2]
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| Do you think they're the same color?

P

Discrimination test “Yes” “No”
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Figure 1. Process for the discrimination and acceptance tests (Co: correct answers, Inco: incorrect

Acceptance test

answers, Ac: acceptable, non-Ac: answers participants would not allow).



Dent. J. 2025, 13, 163

40f 10

Regarding the discrimination test (of whether participants could recognize the color
difference between the two shade tabs), participants were asked to compare each shade tab
and respond to the question, “Do you think these are the same color?” If participants answered
“Yes”, it was recorded as incorrect, and if they answered “No”, it was recorded as correct.

Regarding the acceptance test (of whether the color difference between the two tabs
could be considered acceptable during restorative or prosthodontic treatment), if partic-
ipants answered “No” in the discrimination test, they were asked: “Can you accept the
shade difference?” If they answered “Yes”, it was recorded that they could accept the
difference; if they answered “No”, it was recorded that they could not accept the differ-
ence. If participants answered “Yes” to the discrimination test, the color difference was
automatically considered acceptable in the acceptance test.

In the lightness test, the participants were presented with two shade tabs, one with
a higher lightness and one with a lower lightness than the control, each presented three
times for six presentations. In the chroma test, the participants were presented with six
shade tabs: three with a higher chroma and three with a lower chroma than the control,
each presented once for six presentations. For each participant, the number of correct
discriminations (correctly recognizing a color difference) and that of non-discriminations
(failing to recognize a color difference) were recorded for the six presentations. The dis-
crimination and acceptance rates for each presentation condition were calculated for each
participant, and mean values were calculated for each participant group.

2.4. Statistical Analysis

The Mann-Whitney U test was used to examine the differences in discrimination
and non-acceptance numbers within each participant group, differences in lightness and
chroma, and differences between higher and lower levels of lightness and chroma. The
Kruskal-Wallis test with Bonferroni correction was used to compare discrimination and non-
acceptance rates among the four participant groups. The correlation between discrimination
and non-acceptance within each group was analyzed using Spearman’s rank correlation
coefficients. Multiple regression analysis was performed to investigate the factors affecting
color discrimination ability and acceptance. The dependent variables were the total number
of discriminations and nonacceptances. The independent variables included sex (0 = male,
1 = female), participant group (0 = dentist, 1 = dental technician, 2 = patient, 3 = student),
and participant age. SPSS® version 25.0 (IBM, Chicago, IL, USA) was used for all statistical
analyses, with a statistical significance of 5%.

3. Results

Table 1 presents the results of the discrimination and acceptance tests for lightness and
chroma for each group. The discrimination numbers for lightness and chroma were nearly
identical between the dentist and dental technician groups, with both groups achieving
discrimination rates exceeding 90%. In contrast, the patient and student groups demonstrated
higher discrimination numbers for chroma than for lightness, with a significant difference
between the two attributes. Furthermore, the discrimination rates for lightness in the patient
and student groups were approximately 20-30% lower than those observed in the dentist and
dental technician groups. Similar to discrimination, the dentist and dental technician groups
showed similar acceptance numbers for lightness and chroma. However, in the patient and
student groups, the non-acceptance numbers for chroma were significantly higher than those
for lightness. Acceptance rates for both lightness and chroma were approximately 20% in the
dental technician group and 40% in the dentist group. For chroma, the acceptance rates in
the patient and student groups were similar to those in the dentist group, whereas those for
lightness were higher, reaching approximately 70%.
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Table 1. Results of discrimination and acceptance tests of lightness and chroma.

Groups

Discrimination Test (Means + SDs)

Acceptance Test (Means + SDs)

Co (n =30) Discrimination Rate (%) Non-Ac (n = 30) Acceptance Rate (%)

Denti Lightness 5.6 +0.7 928 +12.1 324+19 46.1 +£31.5

entists Chroma 55+07 91.1 + 122 32419 461+ 318

Technici Lightness 5.7+ 0.6 95.6 £9.7 44+1.8 272 £30.5

echmicians - Chroma 59 +0.3 98.9 + 4.2 47413 21.1421.0

Patient Lightness 3.8+18 63.9 + 30.0 1.6+16 72.8 +£27.2

atients Chroma 53409 * 88.3 + 153 31419 * 483 4+ 31.1

Stud Lightness 45+1.3 75.6 £21.8 1.6+18 72.8 +29.2

tudents — Chroma 54407 * 90.0 + 12.1 32415 * 461 +24.6
Co: number of correct answers, non-Ac: number of answers participants would not accept, Mann-Whitney U test,

*p <0.05.

Table 2 presents the results of the discrimination tests for each condition, that is,
lightness (higher or lower than the control shade) and chroma (higher or lower than the
control shade). Regarding lightness, the student group demonstrated significantly better
discrimination for the lower tabs than the higher tabs. A similar trend, in which lower
lightness tabs were discriminated equally well or better than higher lightness tabs, was
observed in the other groups. No significant differences were found between the higher-
and lower-chroma tabs in any participant group.

Table 2. Comparisons of discrimination rates of different lightness and chroma between each
subject group.
Higher (Lightness) Lower (Lightness) Higher (Chroma) Lower (Chroma)
Groups Co Means + Group Co Means + Group Co Means + Group Co Means + Group
SDs (n = 30) Comparison SDs (n = 30) Comparison SDs (n = 30) Comparison SDs(n = 30) Comparison
, 27406 28405 28405 27406
Dentists (91.1 +21.3%) b.cde (94.4 + 15.4%) b.d (93.3 +16.1%) d (88.9 =+ 20.2%)
Technicians 28405 29403 3.0+0.0 29403
(933 £16.1%) (97.8 £ 8.5%) (100.0 = 0.0%) (97.8 + 8.5%)
Patient 19+12 19412 27405 26408
atents (64.4 +39.1%) (63.3 + 41.4%) (90.0 + 15.5%) (86.7 +27.1%)
Students 20+1.0 25407 28404 26407
(66.7 & 33.9%) (84.4 +24.3%) (94.4 £ 12.6%) (85.6 & 24.3%)
| J
*

Co: number of correct answers, numbers in parentheses indicate percentages. Statistically significant differences
between groups (Kruskal-Wallis test with Bonferroni correction, p < 0.05) are indicated by the following letters:
(a) Dentists vs. Technicians, (b) Dentists vs. Patients, (c) Dentists vs. Students, (d) Technicians vs. Patients,
(e) Technicians vs. Students, and (f) Patients vs. Students. Within-group differences (Mann-Whitney U test,
* p < 0.05) are indicated by asterisks.

Table 3 presents the results of the acceptance tests for each lightness (higher or lower
than the control shade) and chroma (higher or lower than the control shade). In the dentist
group, the non-acceptance number for lower-lightness tabs was significantly higher than
that for higher-lightness tabs. This trend was also observed in the dental technician and
student groups. The nonacceptance number for higher-chroma tabs was significantly
higher than that for lower-chroma tabs in the dental technician and student groups, with
a similar trend observed in the other groups.

Table 4 presents the correlation between the discrimination and non-acceptance num-
bers in each group. A positive correlation was observed between the discrimination and
non-acceptance numbers for both lightness and chroma, indicating that participants who
were more capable of discriminating between colors were less likely to accept color differ-
ences. Notably, a significant positive correlation for lightness was observed in the dentist,
dental technician, and patient groups, whereas a significant positive correlation for chroma
was observed in the dentist group.



Dent. J. 2025, 13, 163

60f10

Table 3. Comparisons of acceptance rates of different lightness and chroma between each sub-

ject group.
Higher (Lightness) Lower (Lightness) Higher (Chroma) Lower (Chroma)
Groups Non-Ac Group Non-Ac Group Non-Ac Group Non-Ac Group
Means + SDs Comparison Means + SDs Comparison Means + SDs Comparison Means + SDs Comparison
(=30 P (1 = 30) P (=30 P (1 = 30) P
Dentists 1.1+12 ade 21+12 bede 1.9+1.0 ade 14+1.1 o
(62.2 4+ 38.9%) ad (30.0 = 39.5%) it (37.8 +34.7%) ad (54.4 + 37.6%)
| J
*
Technicians 23+09 21+1.2 2.6+0.7 21+1.0
(24.4 + 31.5%) (30.0 + 40.4%) (12.2 +23.9%) (30.0 £ 34.3%)
| J
*
Patients 0.7 +1.1 1.0+1.2 1.6+1.1 1.5+1.1
(77.8 £ 35.4%) (67.8 = 40.6%) (45.6 & 37.6%) (51.1 = 36.9%)
Students 0.6+1.0 1.1+12 2.0+09 1.3+09
(81.1 +32.4%) (64.4 +40.1%) (34.4 +30.9%) (57.8 + 31.5%)
L J
*

Non-Ac: number of answers participants would not accept, numbers in parentheses indicate percentages. Sta-
tistically significant differences between groups (Kruskal-Wallis test with Bonferroni correction, p < 0.05) are
indicated by the following letters: (a) Dentists vs. Technicians, (b) Dentists vs. Patients, (c) Dentists vs. Students,
(d) Technicians vs. Patients, (e) Technicians vs. Students, and (f) Patients vs. Students. Within-group differences
(Mann-Whitney U test, * p < 0.05) are indicated by asterisks.

Table 4. Correlation analysis between the number of discriminations and non-acceptances.

Dentists Technicians Patients Students
R p-Value R p-Value R p-Value R p-Value
Lightness 0.500 * p<0.01 0.490 * p<0.01 0.603 * p <0.01 0.285 0.127
Chroma 0.481* p<0.01 0.178 0.348 0.314 0.091 0.09 0.637

Spearman’s rank correlation coefficient, * p <0.05.

Table 5 summarizes the multiple regression analysis results and identifies the factors
influencing discrimination and acceptance. The variance inflation factor for each indepen-
dent variable ranged from 1.020 to 1.090, indicating no multicollinearity concerns. Group
differences and age were identified as significant factors for lightness, with younger par-
ticipants demonstrating better discrimination abilities. Sex and subject group differences
were selected as significant factors for lightness, with males tending to have lower accep-
tance levels. For chroma, sex was the only significant factor, with males showing lower
acceptance than females.

Table 5. Results of multiple regression analysis (1 = 120).

Discrimination Acceptance
Variable Lightness Chroma Lightness Chroma VIF
[ p-Value B p-Value 54 p-Value B p-Value
Sex —0.037 0.659 —0.033 0.723 —-0.213 0.012* —0.211 0.022* 1.02
Age -0.19 0.032* -0.119 0.213 —0.016 0.849 —0.074 0.436 1.09
Subject group —0.442 <0.01* —0.157 0.101 —0.39 <0.01* —0.108 0.253 1.077

f3: standardized partial regression coefficient, VIF: variance inflation factor, * p < 0.05.

4. Discussion

Evaluating the color of the remaining teeth is essential in restorative and prosthetic
dentistry. Many dentists and dental technicians use analog methods to assess color and
then apply the color to restorations or dental prostheses. The patients then judged the
applied color and its harmony by looking in the mirror. Therefore, even in the current
era of rapid progress in the application of digital technology in dentistry, it is extremely
important to understand how people perceive differences in tooth color. In particular, it is
important to comprehend the discrimination between the two fundamental elements of
“lightness” and “chroma”, which are essential for shade selection, and to assess the degree
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of acceptance of color differences to achieve successful esthetic dental treatment. In this
study, we examined aspects of discrimination ability and acceptance from the perspectives
of dental professionals, such as dentists and dental technicians, and patients. Dental
students are future dental professionals, but they have not yet received sufficient education
in shade selection; therefore, we selected them as test participants to include a wide range
of patient groups, from young to old. Furthermore, we identified problems related to color
recognition from the perspective of discrimination ability and acceptance in a manner that
is relevant to clinical practice.

The discrimination ability for lightness and chroma was higher in dental professionals,
such as dentists and dental technicians, than in non-dental professionals, such as patients
and dental students. Additionally, the discrimination ability for lightness was significantly
lower than that for chroma in non-dental professionals such as patients and dental students.
In a study of dental students, Oscar et al. [11] reported that dental students, when perform-
ing visual shade matching, tended to perceive colors with small differences in chroma as
matching, rather than colors with small differences in lightness. Considering that the dental
students in this study had little experience in shade selection and did not receive any special
training, it is thought that this group of subjects, with minimal experience in shade selection,
would be less likely to notice differences in lightness than in chroma. Dental professionals,
such as dentists and dental technicians, have a high level of discrimination ability for both
lightness and chroma because they work in environments where precise shade selection is
required in their daily clinical and technical dental work. In general, it is recommended
that in shade selection, lightness should be selected first, followed by chroma [4-7]. This is
because lightness determines the overall intensity of tooth color, and it has been reported
that increasing the lightness of teeth, rather than the hue or chroma, is the key to success in
whitening treatments [12]. However, to date, there is insufficient scientific data to support the
discrimination of tooth color or acceptance of color differences. Therefore, the results of this
study are expected to contribute to improvements in dental treatment.

Non-dental professionals (patients and dental students) had significantly poorer dis-
crimination abilities than dental professionals (dentists and dental technicians) for shades of
higher lightness. In addition, even for tabs with lower lightness, patients had significantly
lower discrimination ability than dentists and dental technicians. Miranda [13] reported
that dental students made more errors when matching light shades than when matching
dark shades. Logvinenko [14] reported that for test subjects with minimal experience in
shade selection, color differences meant differences in hue, and differences in lightness and
chroma were not recognized as color differences. The results of these previous studies are
consistent with those of the present study.

In contrast, in the lower-chroma condition, the non-dental professionals were shown to
have the same discrimination ability as the dental professionals. There have been no reports
examining the differences in discrimination ability and acceptance of lightness and chroma,
as in this study, by comparing dental and non-dental professionals. Additionally, this study
was conducted under conditions considered ideal for shade selection, and we believe that the
results of this study are significant. The results of this study suggest that when the chroma of
a patient’s teeth is low, there is a higher likelihood that the patient will be able to discriminate
between color differences. Therefore, sufficient communication between patients, dentists,
and dental technicians, as well as careful shade selection, are needed.

In addition, in the acceptance test, the dental technicians had a lower acceptance rate for dif-
ferences in lightness and chroma than the other groups under all conditions. Paravina et al. [10]
reported that dental technicians have higher color discrimination ability compared to dentists
and students. Menini et al. [15] reported that dental technicians outperformed dentists (special-
ists in conservative dentistry) and implant prosthodontists in color-matching tests. Although
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there have been no reports to date on the acceptance of differences in lightness and chroma,
the fact that dental technicians have been reported to have a higher discrimination ability
than dentists suggests that they may have been more likely to perceive color differences as
unacceptable, potentially influencing the results of this study.

Only a small percentage of the dentists and dental technicians judged adjacent differ-
ent colors as the same and several tens of percent of the patients accepted these differences,
which suggests that problems in the shade selection stage are minimal. However, even
if dentists and dental technicians perceive slight color differences to be the same, some
patients may not. Therefore, understanding the characteristics of color discrimination and
acceptance, particularly lightness and chroma, is highly valuable in clinical practice. A sig-
nificant positive correlation was observed between the discrimination and non-acceptance
numbers in lightness in the patients, as well as in dental professionals, including dentists
and dental technicians. Given the previously discussed differences in the discrimination
ability for lightness and chroma, this suggests that patients have a relatively lower lightness
discrimination ability than dental professionals. However, those who noticed the color
differences tended to find it difficult to accept them. We believe that appropriate shade
selection and thorough communication based on an understanding of the characteristics
identified in this study are essential for the success of esthetic dental treatments.

The results of the multiple regression analysis showed that the participant groups
had a significant effect on both the discrimination ability and acceptance of lightness. This
is shown in Tables 2 and 3. Regarding the effects of sex differences, previous studies
have reported that females have better color discrimination than males [16-18], whereas
others have reported the opposite [13,19,20]. Therefore, no definitive conclusion has been
reached. Sex differences had a significant impact on acceptance, with males showing lower
acceptance of differences in lightness and chroma. This may be attributed to the fact that
the number of male dental technicians who exhibited lower acceptance was five times
higher than that of female dental technicians. Age was also identified as a significant factor
influencing the lightness discrimination ability, with younger participants showing a higher
discrimination ability for lightness. Rods in the eyes respond to lightness [7]. According to
Hathibelagal et al. [21], rod sensitivity thresholds increase rapidly from 45 years of age and
older. In addition, regarding the physiological changes in visual function that occur with
age, it is generally known that ocular function declines similarly to other organs and tissues,
involving factors such as increased corneal thickness, decreased elasticity of the crystalline
lens, and changes in transmittance [22]. This could explain the fact that the patient group
with the lowest lightness discrimination ability had the highest mean age. However, it
is noteworthy that the dentist and dental technician groups, which demonstrated high
discrimination ability, also included participants aged 60 and over. Furthermore, multiple
regression analysis showed that the 3 value for age was —0.190, while the {3 value for the
participant group was —0.442, indicating that experience with shade selection had a greater
impact on discrimination ability than age. This finding is particularly interesting when
considering the age-related decline in visual function. The clinical significance of this study
is its clarification of the differences in the discrimination and acceptance of tooth color
differences between dental professionals and non-dental professionals, to establish a more
practical and reliable methodology for shade selection.

One of the limitations of this study is sampling bias. Specifically, there was a significant
imbalance in the male-to-female ratio in the dental technician group, which was attributable to
the sampling method. To better examine the effects of sex, it is necessary to conduct a study
with a balanced male-to-female ratio for each group. Additionally, the number of tabs used in
the lightness and chroma tests differed in this study. Because commercially available shade tabs
were used in this study, there were limitations in the types of tabs that could be used, making
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it difficult to prepare an equal number of tabs for both the lightness and chroma tests. In this
study, we evaluated discrimination and acceptance using tooth color samples to better align
with clinical conditions. The color differences AE0O of the shade tabs presented in this study
range from 1.36 to 3.23. However, these values exceed the perceptibility threshold (0.8) and
acceptability threshold (1.8) reported by Paravina [10]. Therefore, the higher discrimination rate
observed in our study may be attributed to this factor. Further experiments using tooth color
samples, taking previously reported thresholds [10,23] into account, are necessary.

5. Conclusions

Dental professionals, such as dentists and dental technicians, demonstrated high dis-
crimination abilities for lightness and chroma, whereas non-dental professionals, such as
patients and dental students, showed significantly lower discrimination abilities. Regarding
the differences between lightness and chroma, non-dental professionals exhibited a signifi-
cantly poorer discrimination ability than dental professionals when lightness was higher.
Additionally, dental technicians exhibited a higher discrimination ability and stricter ac-
ceptance of lightness and chroma, regardless of age. Based on an understanding of these
characteristics, appropriate shade selection and adequate communication are important.
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