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Abstract

The color of anterior teeth is usually different in nature. Therefore, knowing the color differences of these
teeth is useful in cosmetic dentistry. The aim of this study was to analyze the CIE L*a*b* color coordinates, the color
differences, and tooth shade among the maxillary central incisor, the lateral incisor, the canine, and the premolar
in a group of 181 Thai participants (75 males and 106 females) aged 18 to 30 years old who were recruited for this
study. The color coordinate of L*, a*, b*, and tooth shade according to the VITA 3D-Master shade guide of the maxillary
anterior teeth and the premolar were measured by a spectrophotometer. The color coordinates were analyzed by
one-way ANOVA and Scheffe multiple comparisons. The lightness difference (JAL*|), redness-greenness difference
(jaa%)), blueness-yellowness difference (|Ab*|), and the total color difference (AE* ) among the central incisor, the
lateral incisor, the canine, and the premolar were calculated and analyzed by the Kruskal-Wallis test. Both male and
female participants presented similar results. AE* between the maxillary canine and the central incisor was the
highest. The central incisor was the lightest, followed by the lateral incisor and the premolar. The canine showed
more red and yellow colors followed by the premolar and the lateral incisor. The |Ab*| was greater than the |AL¥|
and |Aa*| in all groups except for a group of the canine/premolar. It can be concluded that the color differences
between all maxillary anterior teeth and the premolar were mainly due to the influence of the color yellow. The
higher the lightness, the lower the red and yellow colors will be found. The most common shades are 2M2 for the

central and the lateral incisor, 2M3 for the canine and the premolar in young Thai adults.
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Introduction

Tooth color is a factor affecting esthetic dentistry.
Assessing tooth color can be done by comparing with a
shade guide or using a color measuring device." A spectro-
photometer is a color measuring device. It can specify
color values with higher accuracy and more precision
than shade matching.”” Currently, it has been developed
to be smaller, and can be used clinically. A chairside
spectrophotometer is reliable and accurate enough for
daily clinical work in order to assess tooth color.”* This
device can measure the tooth color that is reported as
the color coordinate of L*, a*, b*, chroma, hue, and values.
It can also report the measured color in the popular shade
guide such as the VITA classical or the VITA 3D-Master.” The
Commission Internationale de ’Eclairage (CIE) developed
a system called the CIE L*a*b* that describes colors in three
dimensions. L*is the lightness from the darkest (0) to brightest
(100), a* is a color from green (-) to red (+) and b* is a color
from blue (-) to yellow (+). The numeric value of L*a* b*
can be converted to a color arranged in a sphere.® The two
color differences can be calculated from AL*, Aa*, Ab*
values and presented as AE*ab.7 The higher the value of
AE* the greater the color difference is demonstrated.

The natural color creation of the visible teeth in
a full mouth restoration is an integral part of the esthetic.
The color of each tooth is not usually uniform in nature.
Therefore, a natural appearance of these teeth can be
created with different colors. A study in Romania found
that the central incisor was the most light, followed by
the canine and the molar. The molar was the most chromatic
with the highest a* and b* values.® A study in Kosovo also
reported that the L* value of the maxillary central incisor
was the highest, followed by the lateral incisor, and the
canine. On the other hand, the a*, b* values of the canine
were found to be the greatest, followed by the lateral
incisor, and the central incisor.’”

Age is an important factor affecting tooth color.
Falcone et al.” reported in the United States that the AE*
of the maxillary central incisor and the canine decreased

with age due to changes of the central incisor. Hassel et al.™*

found that the maxillary central incisor changed more during
middle age than in old age. Rodrigues et al." studied the
color of the maxillary central incisor and the mandibular
central incisor in India, and found that teeth became
significantly darker with age. The study showed no shade
difference in both genders. Eiffler et al. ® evaluated the color of
the maxillary anterior teeth and the premolars in Germany,
and also found that gender did not affect the tooth color.

Tjan et al.™ revealed that displaying the six
maxillary anterior teeth and premolars was one of the
characteristics of the typical smile. They showed that
48.6% of the teeth displaying in a smile were six anterior
teeth and first premolar. Many studies had found a clear
different color between the maxillary central incisors and
the canines.””™ Unfortunately, there is limited information
about the color differences among all the maxillary anterior
teeth and the premolar. In addition, most of the data from
those studies were done with Caucasian people, and there
is very little information about Asians. The objective of
this study was to investigate and compare the differences
of L* a*, b*, AL*, Aa*, Ab¥, AE*ab, and tooth shade among
the maxillary central incisor, the lateral incisor, the canine,

and the premolar in young Thai people.

Materials and methods

This study has been approved by the ethics
committee of Faculty of Dentistry, Prince of Songkla University
(No. EC6101-08-J-LR). Informed consent was obtained before
starting, and 181 participants (75 males and 106 females)
were recruited for this study. They included students,
faculties and employees of Prince of Songkla University
between the ages of 18-30 years old. A questionnaire
consisting of gender, age and dental history was used for
the first step screening according to inclusion and exclusion
criteria. Oral examination was then taken, and the teeth
were cleaned with a No. 3 pumice by only one examiner
for further screening. All the participants, without a history
of orthodontic treatment, must have their maxillary central

incisor, their lateral incisor, their canine, and their first or
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second premolar in their mouth without any pathology
at the buccal surface of the teeth. The exclusion criteria
were used for participants who presented the appearance
of the teeth as follows: caries; unpolished stains; discoloration
that could be clearly detected by the eyes; history of root
canal treatment; bleaching; restoration including filling,
veneer, crown; primary abutment for removable partial
denture; tooth wear; tooth abnormalities such as fluorosis,
amelogenesis imperfecta, dentinogenesis imperfecta or
tetracycline teeth.

The tooth surface was dried with gauze before
measuring. Five consecutive measurements of each tooth
were made using a spectrophotometer (Vita Easyshade
Advance 4.0, VITA Zahnfabrik H Rauter GmbH and Co. KG,
Bad Sackingen, Germany). The measuring device was calibrated
with the calibration block provided by the manufacturer
before carrying out any measurement. While taking
measurements, the tip of the measuring device was in
contact with the middle third of the buccal surface of each
tooth at right angles. The tip was covered with disposable
plastic for cross infection control, and all measurements
were taken by the same examiner.

L*, a* b* and tooth shade (according to VITA
3D-Master) of the maxillary central incisor, the lateral
incisor, the canine, and the first premolar (or the second
premolar in case of losing the first premolar) were obtained

from the spectrophotometer. The values of L¥, a*, b*

Table 1 Mean (standard deviation) of L*, a*, b*

were taken from the mean of three middle data from five.
Tooth shade was taken from the most frequency of the
five measurements. For comparison, the teeth in each
participant were matched and the shade differences were
recorded as AL*:L*I—L*Z, Aa*:a*1—a*2, and Ab*:b*1—b*2.
AlL AL*, Aa*, Ab* were adjusted to absolute data (JAL¥|,
|Aa*|, and |Ab¥]). Color differences (AE* ) between teeth
were calculated using the equation: AE* = [(AL¥Y +
(Aa*) + (Ab*Y]”?. Normal distribution was evaluated by
the Kolmogorov-Smirnov test, and the homogeneity of
variance was assessed by Levene’s test. L*, a*, b* in each
tooth type and gender were compared and analyzed
with One-way ANOVA and Scheffe multiple comparison.
AE* between teeth in the same participant and between
gender were analyzed with the Kruskal-Wallis test and
the Mann-Whitney U test. The |AL¥|, |Aa¥|, and |Ab¥|
were compared and analyzed like AE* . The level of
significance was set at P < 0.05. The frequency of tooth
shade according to the VITA 3D-Master was counted and

compared as a percentage.

The average ages and standard deviations were
20.85 + 1.82 years old and 20.72 + 1.66 years old for
male and female, respectively. The mean and standard
deviation values of L*, a*, and b* color coordinates of

each tooth are presented in Table 1.

MEAN (SD)
MALE FEMALE
L* Central Incisor 83.03 (2.65)" 83.33 (2.48)"
Lateral Incisor 81.58 (2.75)° 82.06 (2.68)°
Canine 78.72 (2.42)° 78.98 (2.47)°
Premolar 80.03 (2.92) 80.23 (2.77)°
a* Central Incisor -1.23 (0.70)° -1.29 (0.62)°
Lateral Incisor -0.48 (0.80)° -0.66 (0.75)°
Canine 0.66 (0.76)" 0.68 (0.74)"
Premolar 0.42 (0.87)" 0.37 (0.97)°
b* Central Incisor 17.49 (3.90) 16.72 (3.61)°
Lateral Incisor 21.80 (3.69)° 20.81 (3.38)°

Canine

Premolar

26.75 (3.15)"
25.18 (3.51)"

(
25.93 (3.13)"
24.89 (3.86)"

SD = Standard deviation

Data in the same group columns with distinct superscript letters indicate statistically significant differences (P<0.05)
Data in the same row show no statistically significant differences (P>0.05)
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Both males and females showed similar results
without statistically significant differences. The most lightness
value was found for the central incisor followed by the
lateral incisor and the premolar while the least lightness
value was the canine. The highest a* and b* values were
found in the canine followed by the premolar and the
lateral incisor while the lowest a* and b* values were the

central incisor. However, the b* coordinate of the canine

MALE

2 Central incisor
92+ < Lateral incisor
90— + Canine
2 Premolar -]

L*

and the premolar in both genders and the a* coordinate
of the canine and the premolar in males were not significantly
different (P > 0.05). Figure 1 presents all data of L*, a*, b*
color coordinates. In general, most of the central incisors
were the farthest from the canines and the premolars.

The median and interquartile range values of

|AL¥|, |Aa¥|, |Ab*| are presented in Table 2.

FEMALE
o Central incisor
92— < Lateral incisor
00— + Ganine
2 Premolar @ a

3 a5 30 o

Figure 1 3D scatter of L*, a* b* color coordinates of maxillary central incisor, lateral incisor, canine, and premolar separated by

male and female

Table 2 Median (interquartile range) of absolute AL* Aa*, Ab* between each individual tooth comparison

MALE FEMALE

|AL*] |Aa*| |Ab¥| |AL*| |Aa¥| |Ab¥|
Central incisor : Lateral incisor ~ 1.83 (1.96)>°  0.80 (0.63)>°  4.13(3.26)*  1.43(2.08)*  0.67(0.60)>°  4.33 (2.89)*
Central incisor: Canine 4.60 (3.27)*° 1.93(0.94  9.10(5.030*  4.35(3.00*°  1.93(1.03)*°  9.35(4.78)""
Central incisor: Premolar 3.47 (3.03Y°° 160 (1.16)*  7.93(3.93) 330 (291)*°  1.52(1.22)%  8.12(5.70)"
Lateral incisor: Canine 263 (3.07°° 100090  4.60(3.63)* 283 (234"  1.23(1.07)°°  4.98 (4.31)*
Lateral incisor: Premolar 1.77 (3.04)°° 080 (0955 353437  2.13(2600°  1.02(1.21)°  4.44 (545>

Canine: Premolar 1.80 (2.13)°* 0.40 (0.66)*"

1.83(2.27)°  1.57(2.09*  055(0.65°°  1.92 (2.44)-*

Data followed by distinct superscript letters (uppercase in the columns and lowercase in the rows) indicate statistically significant differences (P<0.05)

All matched teeth showed similar results in both
genders. The most different color coordinates were |Ab¥|
followed by |AL*| and |Aa*| in all groups. However, |Ab*| and

|AL*| in a group of canines and premolars showed no

statistically significant differences. Boxplots of |AL¥|, |Aa¥|,
|Ab¥| are presented in figure 2. |AL¥|, |Aa¥|, |Ab*| in the group

of central incisors and canines were the highest.
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Figure 2 Boxplots of |AL¥, [Aa*, |[Ab¥| between central incisor and lateral incisor (A), central incisor and canine (B), central incisor
and premolar (C), lateral incisor and canine (D), lateral incisor and premolar (E), canine and premolar (F) separated by
male and female

Table 3 Mean (SD) and median (IOR) of AE* between each individual tooth comparison

MALE FEMALE

MEAN (SD) MEDIAN (IQR) MEAN (SD) MEDIAN (IQR)
Central Incisor: Lateral Incisor 5.05 (2.17) 4.74 (3.32)° 4.89 (1.97) 4.77 (2.53)°
Central Incisor: Canine 10.61 (3.32) 10.95 (5.11)" 10.67 (3.32) 10.49 (5.30)"
Central Incisor: Premolar 8.96 (3.23) 8.89 (4.32)" 9.44 (3.80) 9.28 (5.21)"
Lateral Incisor: Canine 6.29 (2.56) 5.73 (3.45)° 6.54 (2.69) 6.31 (3.75)°
Lateral Incisor: Premolar 5.03 (2.43) 4.86 (3.48)° 5.78 (2.84) 5.50 (4.68)°
Canine: Premolar 3.28 (1.62) 2.90 (2.38)° 3.51 (2.05) 3.23 (2.71)°

SD = Standard deviation, IQR = Interquartile range
Data in the columns with distinct superscript letters indicate statistically significant differences (P<0.05)
Data in the same row show no statistically significant differences (P>0.05)
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Table 3 presents the mean, standard deviation,
median, and interquartile range of AE* . Both the male
and female participants showed similar results. A group
of central incisors and canines showed the most color
difference followed by central incisors and premolars,
lateral incisors and canines, lateral incisors and premolars,
central incisors and lateral incisors. A group of canines
and premolars showed the smallest color differences.

Boxplots of AE* are presented in figure 3.

The top three frequency shades according to
the VITA 3D-Master shade guide are shown in figure 4.
The most frequency shades were 2M2, 1M1, 2L1.5 for
the central incisor; 2M2, 2M3, 2L.1.5 for the lateral incisor;
2M3, 3M3, 2M2 for the canine in males and 2M3, 2R2.5,
2M2 for the canine in females; 2M3, 2M2, 2R2.5 for the
premolar in males and 2M3, 2M2, 3M3 for the premolar

in females.
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Figure 3 Boxplots of AE *ab between central incisor and lateral incisor (A), central incisor and canine (B), central incisor and premolar

(C), lateral incisor and canine (D), lateral incisor and premolar (E), canine and premolar (F) separated by male and female
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Figure 4 Bar charts present the top three frequencies of Vita 3D-Master shade found in maxillary central incisors, lateral incisors,

canines and premolars
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Discussion

Although the center of the tooth surface is the
suitable site for color measurement because the translucency
of enamel at the incisal site is affected by the backeround,
and the cervical site is affected by the pink gingival tissue,”
placing the tip of measuring device on the same position of
the tooth surface is practically impossible. In our pilot study,
some outliers were found from repeated measurements.
Therefore, multiple measurements were designed and the
maximum and minimum values of L*, a*, b* were discarded.
Instead of using an average of five measurements, only the
three middle data were averaged to reduce the outlier effect.

In this current study, it was found that both males
and females provided consistent tooth color information.
Although the number of males was less than females, the
data were sufficient for the normal distribution and the
homogeneity of variance for the all color coordinates.
Nevertheless, this sample size may not be sufficient for
the values of [AL*, |[Aa*|, |Ab*|, and AE* to be analyzed
with parametric statistics. These values were obtained by
calculating the difference of L*, a*, b* values of the two
teeth in the same person. Therefore, the variance of the
data was higher from those calculations, and some groups
failed to achieve normal distribution.

The values of AL¥*, Aa*, Ab* affect the color
differences from the equation of AR All values are squared
in the equation which shows that only the range of differences
are considered regardless of the direction of differences.
This study analyzed the absolute values of AL¥*, Aa*, Ab*
in order to compare the range of differences. Figures 2 and
3 show that the AE*ab value corresponded to the value
of |Ab*| more than others. Therefore, it can be said that
the color difference between these teeth was mainly due
to the influence of yellow, following by AL*. The mean color
difference between the maxillary central incisor and the
canine of both males and females in the current study
was higher than that of the previous study in Romania
(AE* =9.13) and in the Turkish study (AE* = 8.1)."

The central incisor was the lightest, followed by

the lateral incisor, and the premolar. The canine showed

108 J DENT ASSOC THAI VOL.71 NO.2 April - June 2021

the most darkness. However, the teeth with a high a* value
also had a high b* value, but there was less lightness. The
sequence of teeth according to a* and b* values appeared
to be opposite to the lightness. In general, the canine and
the premolar had more red and yellow tones (more a*
and b* values) followed by the lateral incisor, but the
central incisor showed the least colors (table 1). However,
no significant differences were found between canines
and premolars in all color coordinates except for the a *
value in females, indicating that the canine was redder
than premolars in females.

The maximum values of AL*, Aa*, Ab* were
found between central incisors and canines, and resulted
in the greatest difference in color. A study in Kosovo
showed that the lightness, a*, and b* values of maxillary
central incisors, lateral incisors and canines were similar
to the results of this current study.” Lee'" studied the six
maxillary and mandibular anterior teeth of Koreans, and
reported that tooth color coordinates were related to
each other. The L* value was negatively related to the
a* and b* values. The color coordinate of a* had a positive
correlation with b*. Lighter teeth were less chromatic
both in the a* and b* coordinates. However, a study in
Turkey used a colorimeter to evaluate the color, and it
was found that all the maxillary anterior teeth had a lower
L * and a higher a * values compared to this study."® A study
of centralincisors and canines in Romania found that the
a * and b * values were close to this study, but the L *
values were higher.’ Eiffler et al.”* found that the maxillary
canine were brighter than the premolar in the older group
(73-75 years of age). Gbmez-Polo et al.'® reported that
maxillary central incisors become darker, yellower and
more reddish with increasing age. The L* coordinate is
more strongly related to tooth color in aging than a* and b*.

The VITA Classical and VITA 3D-Master are the
most popular shade guides. However, it has been shown
that the VITA 3D-Master is better suited to natural teeth
than the VITA Classical.” " It contains shade tabs that are

uniformly arranged in the color space of natural tooth



and significantly improves repeatability of measuring tooth
shade compared to a traditional shade guide for general
practitioners.””* Therefore, the color of the VITA 3D-Master
was chosen and presented in this study. In this study, the
most common shades found in males and females were
similar and could be divided into two groups; 2M2 for
central incisors and lateral incisors, 2M3 for canines and
premolars. However, the three most common shades of
the central incisor and the premolar were more dispersed
than the canine and the lateral incisor. A former study from
Romanian (aged 21-29 years) reported the most common
shades of incisors and canines were 1M1 and 2M3, respectively.®
Their incisor was brighter than the incisor in this studly.
According to the VITA Classical shade guide, a study in Turkey
(aged 15-70 years) showed the most common shades as
A2 for the central and lateral incisor and B3 for the canine .**
The buccal surface of the premolar was more
curved than the anterior teeth. It was impossible to place
the tip of the measuring tool completely close to the tooth
surface. Edge loss effect might occur on the premolar
causing the L * value to be lower than it should be.” The
other limitation of this study was that most of the volunteers
(87.8%) were in southern Thailand. Although all of them
were Thai, people in other parts of Thailand may show
different results. Therefore, further studies in other regions
of Thailand should be investigated in the future.
Studying tooth color in different ages may produce
different results. Many studies showed that teeth become
darker and yellower as people get older.”* Therefore,
comparing the tooth color obtained from various studies
should consider this point. The study in young adults gives
information before tooth color changes with age. Tooth
color at this age is useful as the reference because the tooth
color is the brightest and whitest. The results of this study
are helpful for dentists and dental technicians to select
different colors of the anterior teeth and create natural-
looking restorations. Restoring the entire anterior teeth and
premolar to the same color is completely unnatural and
should not be done, especially in full-mouth rehabilitation.

When a full mouth restoration is required and the shades

of the entire teeth have to be completely redefined, it is
appropriate to employ the shade according to the tooth

position.

Conclusions

Within the limitation of this study, it can be concluded
that the maxillary central incisor and the canine were the
most different in color while the canine and the premolar
were the least different. The color difference between the
maxillary anterior teeth and the premolar were mainly
due to the influence of yellow, followed by lightness. The
higher the lightness, the lower the red and yellow color
will be found among the maxillary anterior teeth and the
premolar. The most common shades are 2M2 for the central
and lateral incisor and 2M3 for the canine and premolar in

young Thais.
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