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Abstract

This study aims to analyze the color distribution of maxillary permanent incisors in
Korean pediatric patients and determine the effects of age and root developmental
stage on tooth color. The L*a*b* values of 404 sound and fully erupted maxillary
incisors without dental caries, restorations, trauma history or discoloration from 101
Korean patients between ages 7 and 15, with a mean age 10.0 & 1.5, were analyzed
with a spectrophotometer. CIE L*a*b* values were 84.01, 0.17, and 24.07 in maxillary
central incisors, and 82.33, 0.31, and 25.99 in maxillary lateral incisors. L* values of
maxillary central incisors were higher, and b* values of maxillary central incisors
were lower than those of maxillary lateral incisors (p < 0.001). The color differences
among the subregions exceeded the clinical perceptibility threshold in both of the
maxillary central and lateral incisors. L* value for children at age 10 and younger was
84.13 in maxillary central incisors and 84.04 in maxillary lateral incisors, and those
of older patients were 80.62 and 80.56, respectively. L* value of maxillary incisors of
children at age 10 and younger was significantly higher than that of older patients.
The root developmental stage did not affect tooth color. This study suggests that
the color differences between maxillary central and lateral incisors and among
the subregions of a tooth and the effects of age should be considered for aesthetic
restorations of permanent incisors in pediatric patients. [J Korean Acad Pediatr Dent
2022;49(4):414-427]
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Introduction

Recently, the importance of aesthetic restorations has emerged not only in
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adults but also in children and adolescents[1]. It shows
that the color reproduction that harmonizes with the oral
environment should be considered in addition to pain
relief and functional rehabilitation in the anterior res-
toration. For growing children whose gingiva shape and
crown exposure are constantly changing, direct compos-
ite resin restoration is preferable in cases of crown frac-
ture, because it allows for a relatively simple procedure
and preservation of tooth structure[2].

The color is recognized by the detection of the wave-
lengths of reflected visible light by the human eye. The
color has properties of hue, brightness, and saturation.
The Commission International de L'Eclairage (CIE) de-
fined the color space in 1976, and it has been mainly
used for quantifying the color properties recognized by
the human eye[3]. CIE color space system is expressed
by I, a¥ and b* values as three-dimensional spatial coor-
dinates. I* value quantifies perceptual lightness, which
defines black as 0 and white as 100. a* value is relative to
green to red color scale, and b* value is relative to blue to
yellow color scale. The color difference, AE*,;, is defined
as a vector in the color space. The formula of the color
difference is AE*,, = (AL¥) + (Aa*)*+ (Ab*))". Percep-
tibility refers to the perception of the difference between
two colors, and acceptability is defined as the clinically
acceptable color difference. The perceptibility threshold
ranges from AE*, =1.0to 3.7, and AE*,, of 2.7 has been
set as the clinical perceptibility threshold[4]. For accept-
ability, the threshold ranges from AE*,; = 2.7 to 6.8. The
acceptability threshold appears to be greater than the
perceptibility threshold[5].

According to previous studies, the colors of maxillary
permanent incisors differ in terms of age and racel6].
However, these studies were conducted mainly on adult
patients, and only a few papers have studied the colors of
permanent incisors in children and adolescents[7]. The
changes in color distribution according to age and root
developmental stage have rarely been studied in children
and adolescents. To this end, the goal of this study is to
analyze the color distribution of permanent central and
lateral incisors in children and adolescents using a spec-

trophotometer and to determine the effects of age and

root developmental stage on the color distribution.

Materials and Methods

1. Subjects

This study was conducted with the approval of the
Institutional Review Board (IRB) of Seoul National Uni-
versity Dental Hospital (IRB No. S-D20210006). A total
of 404 maxillary permanent central and lateral incisors
from 101 Korean children and adolescents including
57 males and 44 females between ages 7 and 15, with
a mean age of 10.0 = 1.5, were recruited for the study
(Table 1). These patients had panoramic radiographs
taken at Seoul National University Dental Hospital within
6 months of the date of color measurement. The tooth
color measurement was restricted to sound and fully
erupted maxillary permanent incisors. Those with den-
tal caries, restorations, trauma history or discolorations
were excluded. The contents of the study were explained
in detail to the patients themselves and their parents.
The study was initiated only if voluntary consent was ob-

tained.
2. Spectrophotometer

VITA Easyshade® V (Serial No. 50741, VITA Zahnfabrk,

Bad Séckingen, Germany) was used for color measure-

Table 1. Distribution of the participants by gender and chrono-
logical age (n=101)

Age Male Female Total

(Year) (n) (n) (n, %)
7 1 2 3(3.0%)
8 6 12 18 (17.8%)
9 15 11 26 (25.7%)
10 9 8 17 (16.8%)
1 9 6 15 (14.9%)
12 4 1 5(5.0%)
13 4 3 7(6.9%)
14 6 4 10 (9.9%)

Total 54 47 101
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ment of maxillary permanent incisors (Fig. 1). In pre-
vious studies, VITA Easyshade® V showed the highest
precision and accuracy in comparison to other digital
color measurement devices[6,8]. The diameter of the
spectrometer’s tip is 5.0 mm, and the range of measured
wavelength is 400.0 - 700.0 nm. The light source is D65
representing noon natural light in the northern hemi-
sphere. All the measurements used a standard light
source for the color tone measurement, with a correlated

color temperature of 6500.0 K.

3. Color measurement

For each subject, dental plaque on maxillary perma-
nent incisors was removed with pumice using a rubber
cup. The spectrophotometer was calibrated for every
measurement in accordance with the manufacturer’s
instruction. To prevent cross infection, a new VITA Ea-
syshade® Infection Control Shield (VITA Zahnfabrk) was
used for each patient. For each tooth, the color of the
entire labial surface was measured using the “averaged
shade determination” mode, and colors of the cervical
1/3, middle 1/3, and incisal 1/3 subregions were mea-
sured separately using the “shade determination of the
tooth area” mode. CIE L*a*b* values of the tooth color
were displayed on VITA Easyshade® V in reference to
the VITA classical Al - D4 shade guide. All the measure-
ments were repeated three times and were implemented
in the same place by a single dentist. The average values
were used in the analysis. The Demirjian's method[9] was
used to classify root developmental stages based on pan-
oramic radiographs (Table 2).

Fig. 1. Measuring process of the tooth shade with VITA Easys-
hade® V.

4. Intra-investigator reliability

The intra-investigator reliability was evaluated by re-
peatedly measuring the maxillary permanent incisors
of 10 children at 1 week intervals under identical con-
ditions. The intra-class correlation coefficient showed
0.899, 0.951, and 0.988 in maxillary permanent central
incisors and 0.977, 0.967, and 0.912 in maxillary perma-
nent lateral incisors for L¥ a* and b* values, respectively
(p <0.001).

5. Data analysis

The data analysis was performed using the Statistical
Package for the Social Sciences (version 26.0, IBM, Chi-

Table 2. Distribution of the study subjects by root developmental stage (n = 404)

Root developmental stage* Centralincisor Lateral incisor Total (n, %)
Stage F 14 56 70 (17.3%)
Stage G 82 66 148 (36.6%)
Stage H 106 80 186 (46.0%)
Incomplete root development 96 122 218 (54.1%)
Complete root development 106 80 186 (46.0%)

*Evaluated using panoramic radiograph taken within 6 months of the date of color measurement and estimated using the method proposed by Demir-

jianetal.
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cago, IL, USA). The average and standard deviation of
CIE L*a*b* values of the labial surfaces of maxillary per-
manent incisors were collected. A paired Student’s t-test
was performed to test the statistical differences between
the color of maxillary permanent central and lateral in-
cisors. The analysis of variance and Pearson correlation
coefficient were utilized followed by the post hoc Tukey’
s test for the statistical analysis of the color differences
among the subregions within each tooth. The AE*,, was
calculated between the color values of central and lateral
incisors and those of the subregions. The average and
95% confidence interval of AE*,, were also calculated.
An independent t-test was used for tooth color compari-
son between patients at age 10 and younger and patients
older than the age of 10 years old. The teeth were clas-
sified into two groups depending on the completeness
of root development because there were no statistically
significant color differences associated with different
Demirjian’s stages. An independent t-test was utilized to
compare the teeth with incomplete root development
including Demirjian’s stage F/G and those with complete
root development which corresponds to Demirjian’s

stage H.

Table 3. CIE L*a*b* values of maxillary permanent incisors

Results

1. Color distribution of maxillary permanent incisors

CIE L*a*b* values of the entire labial surface of maxil-
lary permanent incisors are presented in Table 3. There
were no differences associated with gender. L*a*b* values
did not show statistically significant differences between
left and right incisors when tested by a paired Student’s
t-test. Based on this observation, all the analyses in this
study used the average CIE L*a*b* values of the left and

right incisors.

2. Comparison of colors between maxillary permanent
incisors

The average CIE L*a*b* values of permanent incisors
and the statistical analyses between central and lateral
incisors are shown in Table 4. Except for a* values of
central and lateral incisors, L* and b* values showed sta-
tistically significant differences (p < 0.001). Moreover, the
AE*, values were greater than the clinical perceptibility
threshold.

Total Surface Cervical 1/3 Middle 1/3 Incisal 1/3
Mean  SD Min ~ Max Mean SD Min  Max Mean SD Min  Max Mean SD Min ~ Max
Right ' 825 37 7L2 895 87 43 706 920 824 37 697 902 781 50 630 90.0
Pe[;nt::ael”t a4 03 06 -19 21 09 07 -12 32 03 07 -5 23 01 09 24 20
incisor  b* 258 34 176 353 269 31 167 339 259 33 191 335 219 41 133 324
Right * 839 39 690 920 855 43 705 933 841 40 721 964 786 42 665 889
Peé;i:;"t & 02 08 21 19 07 07 -10 31 03 07 -17 19 06 11 31 28
Incisor  b* 243 36 173 353 260 32 180 348 245 32 145 325 204 46 102 325
Left ' 838 42 684 935 856 42 732 941 842 38 739 933 793 48 661 924
Pecr?ni:aelnt & 02 07 -16 18 08 07 09 29 03 08 -7 23 05 L1 28 20
Incisor  b* 238 36 143 344 260 31 190 350 247 32 171 333 205 46 129 337
Left * 822 38 685 901 835 45 682 919 833 34 729 905 779 58 627 90.0
Pe[g"tz:j”t * 04 06 140 18 12 09 -15 36 05 07 -13 23 01 08 20 19
Incisor  b* 262 36 177 363 27.6 32 204 362 269 36 200 37.6 223 44 145 350
https://doi.org/10.5933/JKAPD.2022.49.4.414 417
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3. Comparison of colors and AE*,, among subregions of
tooth

The average CIE L*a*b* values of the subregions of
maxillary permanent incisors are presented in Table 4.
CIE L*a*b* values of both maxillary permanent central
and lateral incisors showed an increasing tendency from
the incisal to the cervical subregion. CIE L*a*b* values
showed statistically significant difference among the in-
cisal 1/3, middle 1/3, and cervical 1/3 subregions of max-
illary permanent central incisors (Table 5, p < 0.001). For

maxillary permanent lateral incisors, CIE I*a*b* values

of the subregions showed statistically significant differ-
ences (Table 6, p < 0.001), except for I* values of the cer-
vical 1/3 region and middle 1/3 region. The AE*,, of each
pair of the subregions in maxillary permanent central
incisors were all above 2.7, which is the perceptibility
threshold. These results indicated that the color differ-
ences among the subregions were distinguishable by
the naked eye. Maxillary permanent lateral incisors also
showed AE*,, higher than the perceptibility threshold
among the subregions, except for the AE*,, between the

cervical 1/3 and middle 1/3 subregions.

Table 4. Comparison between maxillary permanent central and lateral incisors

Central Incisor Lateral Incisor AE*, T
Mean (SD) p value* Mean (SD) Range*
L 84.01 (3.57) 82.33(3.38) <0.0001
Total a* 0.17 (0.67) 0.31(0.56) 0.005 3.89(2.10) 3.46-4.32
b* 24.07 (3.43) 25.99 (3.23) <0.0001
L 85.63 (4.10) 83.18(3.90) <0.0001
Cervical a 0.76 (0.59) 0.87(0.65) 0.333 3.74(2.05) 333-4.14
b* 25.89(2.89) 27.33(2.71) <0.0001
L 84.18 (3.76) 83.05 (3.00) <0.0001
Middle a* 0.29 (0.72) 0.38 (0.60) 0.780 3.49(1.84) 3.12-3.86
b* 24.6 (3.06) 26.39 (3.16) <0.0001
L 78.95 (4.28) 78.26 (0.50) 0.083
Incisal a* -0.52 (1.08) -0.09 (0.79) <0.0001 4.37(2.69) 3.83-4.90
b* 20.66 (4.37) 22.20 (4.04) <0.0001
*Paired Student’s t-test between central and lateral incisors.
T/\E*,, between central and lateral incisors, * 95% confidence interval range.
Table 5. Comparison between each subregion of maxillary permanent central incisors
. . : A
Central Incisors p value r P
Mean (SD) Range
[y <0.001** 0.627
Incisal-Cervical ar <0.001** 0.593 7.15(3.11) 6.53-7.76
b* <0.001** 0.579
L* <0.001** 0.548
Incisal-Middle a* <0.001** 0.406 9.10(3.63) 8.38-9.82
b* <0.001** 0.467
L* <0.001** 0.183
Cervical-Middle a* <0.001** 0.336 3.03(1.50) 2.74-3.33
b* <0.001** 0.213

" Analysis of variance between tooth regions (** means p < 0.001, post hoc: Tukey), *Pearson correlation coefficient, *AE*,, between tooth regions,

”95% confidence interval range.
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Table 6. Comparison between each subregions of maxillary permanent lateral incisors

. . . AN
Lateral Incisors pvalue r )
Mean (SD) Range

L <0.001** 0.479

Incisal-Cervical ar <0.001** 0.557 6.95 (3.45) 6.27-7.64
b* <0.001** 0.600
L <0.001** 0.505

Incisal-Middle a* <0.001** 0.326 7.92 (3.51) 7.22-8.61
b* <0.001** 0.325
L 0.669 0.015

Cervical-Middle ar <0.001** 0.366 2.73(1.55) 2.43-3.04
b* <0.05* 0.154

" Analysis of variance between tooth regions (** means p < 0.001, * means p < 0.05, post hoc: Tukey), * Pearson correlation coefficient, “/AE*,, between

tooth regions, ”95% confidence interval range.

4. Comparison of tooth color by chronological age

CIE L*a*b* values of maxillary permanent incisors at
each age and the correlation coefficients are shown in
Table 7. CIE L*a*b*values of maxillary permanent central
incisors showed a negative correlation to age. The differ-
ences between CIE L*a*b* values of maxillary permanent
incisors in patients at age 10 and younger and patients
older than 10 years old are presented in Fig. 2. Only L*
value of maxillary permanent central and lateral incisors

showed a statistically significant difference between age

groups.

5. Comparison of tooth color by root developmental
stage

The differences between CIE L*a*b* values of maxillary
permanent incisors with incomplete root development
and complete root development are shown in Fig. 3. All

CIE L*a*b* values showed no statistically significant dif-

ferences according to root developmental stage.

Table 7. CIE L*a*b* values of the entire surface of maxillary permanent incisors according to age

Central Incisors

Lateral Incisors

(¢ egaer) n Mean (SD) Mean (SD)
L a* b* ¥ a* b*
7 3(2.97%) 84.02 (5.40) 0.87(0.45) 26.6 (3.60) 82.15(3.74) 0.73(0.55) 26.33(3.26)
8 18 (17.82%) 84.10 (2.59) 0.50 (0.63) 24.04 (3.72) 82.30(3.19) 0.02 (0.70) 25.10 (4.32)
26 (25.75%) 83.38(3.58) 0.23(0.74) 24.04 (3.72) 82.21(3.26) 0.36 (0.62) 25.65 (3.40)
10 17 (16.83%) 83.42(4.72) 0.19 (0.64) 24.17(3.61) 82.00 (3.65) 0.20(0.73) 25.35(3.92)
11 15 (14.85%) 83.19(5.29) 0.26 (0.85) 25.00 (3.41) 81.18 (5.40) 0.34(0.73) 26.14(3.27)
12 5 (4.95%) 82.15(6.36) 0.20 (0.45) 24.16 (2.73) 80.47 (7.53) 0.52(0.37) 27.97 (2.59)
13 7 (6.93%) 79.90 (6.75) -0.19(0.94) 23.86 (2.83) 80.42 (7.35) 0.28 (0.41) 26.23(1.34)
14 10 (9.90%) 79.57 (6.01) -0.13(0.70) 22.63(3.67) 81.8(7.19) 0.30 (0.60) 26.01(2.71)
P -0.914 -0.908 -0.710 -0.674 -0.148 -0.371
p value <0.05 <0.05 <0.05 0.067 0.722 0.464

p Pearson correlation coefficient.
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Fig. 2. (A) Comparison of maxillary permanent central incisors of patients age 10 and younger and over age 10. (B) Comparison of
maxillary permanent lateral incisors of patients age 10 and younger and over age 10.

* means statistically significant difference.
NS means no statistically significant difference.
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Fig. 3. (A) Comparison of maxillary permanent central incisors with complete and incomplete root development. (B) Comparison of
maxillary permanent lateral incisors with complete and incomplete root development.
NS means no statistically significant difference from independent t-test.

6. Distribution of VITA shade

VITA shade measurements by the spectrophotometer
showed that B3 shade matched 37.6% and 49.5% of max-
illary permanent central and lateral incisors, respectively

(Table 8). In case of patients of age 7, A1 shade was most

420 JKorean Acad Pediatr Dent 2022;49(4):414-427

common for both maxillary permanent central and lat-
eral incisors. For maxillary permanent central incisors,
A3 shade was most prominent for ages 8 to 11 and B3
shade for ages above 11. For maxillary permanent lateral
incisors, A3 and B3 shades were the most prominent for

age 8to 9 and age above 9, respectively (Table 9).
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Table 8. Distribution of best matching VITA classical A1-D4®
shade for maxillary permanent incisors

Central Incisors Lateral Incisors

VITA shade
n % n %
Al 15 14.8 9 8.9
A2 3 3.0 0 0.0
A3 31 30.7 34 336
A3.5 1.0 2.0
A4 3 3.0 2.0
Bl 0 0.0 2.0
B2 7 6.9 2.0
B3 38 37.6 50 49.5
B4 3 3.0 0 0.0
Discussion

One of the most important and difficult problems in
aesthetic restoration is the choice of tooth color. For se-
lecting an accurate color, precise measurement of tooth
color is mandatory. As the importance of aesthetic resto-
ration is increasingly emphasized in pediatric dentistry,
it is required to precisely match the restoration color to

adjacent teeth.

Fracture of permanent incisors is one of the most fre-
quent traumas at all ages, but particularly frequent in
ages 7 to 12[10]. As fracture of permanent incisor due
to trauma can entail negative impact on a child’s oral
function, aesthetics, and psychological status, a proper
recovery of its shape and color is desired[11]. In order
to achieve successful aesthetic restoration in pediatric
patients, analyzing the optical characteristics of the cen-
tral and lateral incisors is critical to accurately matching
the color. Direct composite resin restoration is the most
viable treatment option for pediatric patients; however,
it is challenging to reproduce the tooth colors with com-
posite resin. For this reason, it is important to accumu-
late data on the colors of maxillary permanent incisors
in children and adolescents.

The color measurement using shade guides, which
has been traditionally used, has limitations in quantita-
tively and precisely measuring the color distribution of
the natural teeth. Also, shades tend to differ by manu-
facturer even though they use the same color system.
Measurer subjectivity can also be a limitation. Compared
to the measurements based on the shade guide, optical
measurements by colorimeters and spectrophotometers

are considered to be more reliable and objective. Com-

Table 9. Distribution of best matching VITA classical A1-D4® shade for maxillary permanent incisors at different chronological ages

Age Central Incisors (n, %) Lateral Incisors (n, %)
(Year) Al A2 A3 A4 Bl B2 B3 Al A2 A3 A4 Bl B2 B3
3 0 0 0 0 0 0 2 0 0 0 1 0 0
(100.0%) (0.0%)  (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (66.7%) (0.0%) (0.0%) (0.0%) (33.3%) (0.0%) (0.0%)
8 1 0 11 0 0 1 5 2 1 8 0 0 0 7
(5.6%) (0.0%) (61.1%) (0.0%) (0.0%) (5.6%) (27.7%) (11.1%) (5.6%) (44.4%) (0.0%) (0.0%) (0.0%) (38.9%)
9 1 0 15 0 1 0 9 1 0 13 0 0 0 12
(3.8%) (0.0%) (57.8%) (0.0%) (3.8%) (0.0%) (34.6%) (3.8%) (0.0%) (50.0%) (0.0%) (0.0%) (0.0%) (46.2%)
10 1 0 10 0 0 0 6 0 0 6 0 0 0 11
(5.9%) (0.0%) (58.8%) (0.0%) (0.0%) (0.0%) (35.3%)  (0.0%) (0.0%) (35.3%) (0.0%) (0.0%) (0.0%) (64.7%)
1 0 0 9 0 0 0 6 0 0 3 0 0 0 12
(0.0%) (0.0%) (60.0%) (0.0%) (0.0%) (0.0%) (40.0%)  (0.0%) (0.0%) (20.0%) (0.0%) (0.0%) (0.0%) (80.0%)
D 0 0 2 0 0 0 3 0 0 0 0 0 0 5
(0.0%) (0.0%) (40.0%) (0.0%) (0.0%) (0.0%) (60.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (100.0%)
13 1 0 2 0 0 0 4 0 0 2 0 0 0 5
(143%) (0.0%) (28.6%) (0.0%) (0.0%) (0.0%) (57.1%)  (0.0%) (0.0%) (28.6%) (0.0%) (0.0%) (0.0%) (71.4%)
14 2 0 3 0 0 0 5 1 0 0 0 0 1 8
(20.0%) (0.0%) (30.0%) (0.0%) (0.0%) (0.0%) (50.0%)  (10.0%) (0.0%) (0.0%) (0.0%) (0.0%) (10.0%) (80.0%)
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pared to spectrophotometers which use a wide range of
wavelength for color measurement including ultraviolet,
visible, and infrared, colorimeters use a fixed wavelength
in the visible range[12]. This restricts colorimeters in
detecting the reflectance and metamerism[13]. For this
reason, spectrophotometers are considered to be more
suitable for precise color measurement. Several studies
have proven that spectrophotometers present signifi-
cantly higher accuracy and reliability in color measure-
ment than colorimeters[12,13]. This study used VITA Ea-
syshade® system, which is a spot-measuring contact-type
spectrophotometer, to obtain the color information of
teeth. VITA Easyshade® presented 92.6% in accuracy and
96.4% in reliability[13]. This is notably higher than those
of colorimeters. The availability of various measurement
modes, such as “averaged shade determination” mode,
“shade determination of the tooth area” mode, “restora-
tion color verification” mode, and “shade tab” mode, is
another advantage of VITA Easyshade® system[14].

Spot-measuring contact-type spectrophotometers have
some limitations. First, edge loss occurs when measur-
ing the reflectance of translucent materials. The light
transmitted through a translucent material spreads be-
yond the measurement area and may not be measured
by the device[15]. This phenomenon can occur if the
measurement spot is smaller than the measuring tip, if
the measurement surface is not flat, or if the measuring
tip cannot contact closely to the measurement surface.
With edge loss, the amount of reflected light can be de-
creased resulting in underestimated actual CIE L*a*b*
values[16]. A VITA Easyshade® V spectrophotometer in-
cludes multiple spectrometers for measuring scattered
light at two different distances within the photosphere
in the ring in order to minimize edge loss[17]. To further
minimize edge loss, a measuring tip was placed as close
as possible and perpendicular to the labial surface of the
tooth in each measurement.

Another limitation of the spectrophotometer is the
relatively large diameter of the measuring tip compared
to the clinical crown length. The diameter of the mea-
suring tip is 5.0 mm. According to Song et al.[18], the

average crown lengths of maxillary permanent central
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incisors and maxillary permanent lateral incisors are 9.9
mm and 8.5 mm, respectively. To minimize the overlap-
ping measurement area, the measuring tip was placed
as closely as possible to the cervical line, incisal edge, or
center area of each tooth while measuring the cervical
and incisal subregions.

The total surface of central incisors had CIE L*a*b*
values of 84.01 + 3.57, 0.17 & 0.67, and 24.07 * 3.43,
respectively. The total surface of lateral incisors had CIE
L*a*b* values of 82.33 + 3.38, 0.31 * 0.56, and 25.99 +
3.23, respectively. Compared to the color values reported
in previous studies conducted on adults ages 18 years
and older, CIE L*a*b* values of children and adolescents
in this study showed higher I* and b* values[17,19]. The
inverse correlation of I and b* values with age was also
reported in other studies[20]. The age-dependent chang-
es in L* values can be interpreted as a result of secondary
dentin accumulation which makes the tooth harder, less
permeable, and darker in color[21]. The changes in b*
values are considered to be a result of the gradual loss of
the enamel layer over time. Consequently, dentin, which
is more yellow than the white enamel layer, reveals its
color[22].

In comparison to CIE L*a*b* values of maxillary pri-
mary incisors reported in the study conducted by Choi et
al.[23], the color of maxillary permanent incisors in this
study is darker and has more yellow shade. This differ-
ence between permanent and primary teeth is consistent
with the results of the previous studies[24]. This may be
attributed to the fact that primary incisors have more
water content than permanent incisors. The structure of
primary incisors with thin enamel and dentin layers and
a large pulp chamber is also considered to be the cause
of the color difference.

Maxillary permanent central incisors presented higher
L* values and lower a* and b* values compared to maxil-
lary permanent lateral incisors. Only L* and b* values
showed statistically significant differences. Karamen
et al.[6] and Pustina-Krasniqi et al.[25] reported that L*
value of maxillary permanent central incisors is signifi-
cantly higher than that of maxillary permanent lateral

incisors, which is consistent with the results of this study.
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Unlike the results reported by Karamen et al.[6], b* value
of maxillary permanent central incisors in this study was
lower than that of maxillary permanent lateral incisors.
This means that maxillary permanent central incisors
were brighter and has more blue shade than maxillary
permanent lateral incisors in this study population.

Significant differences were observed between each
subregion within a tooth, except for L* values between
the middle 1/3 and the cervical 1/3 region in maxillary
permanent lateral incisors. I* value increased from the
incisal 1/3 to the cervical 1/3 region. a* and b* values also
increased in the same direction. Previous studies con-
cluded that redness and yellowness increase from the
incisal 1/3 region to the cervical 1/3 region[26,27]. The
main reason for the color difference between subregions
is the selective wavelength absorption of dentin. The
color is determined by the thickness of dentin and enam-
el[28]. Similar to the previous study[26], the color differ-
ences between subregions were larger than the clinical
perceptibility threshold of 2.7 in all subjects of this study.
This indicates that the color differences are easily dis-
tinguishable by the naked eye. The AE*,, between the
subregions were similar to the previous study[26]. L%, a*,
and b* values of the middle 1/3 region showed a strong
correlation with those of the cervical 1/3 region and the
incisal 1/3 region. According to this correlation, it should
be possible to predict the color of other subregions based
on the color of one subregion of a tooth. If more data can
be accumulated with accurate measurement devices, it
will be possible to generate a useful database for predict-
ing the color of one subregion based on the color of an-
other subregion to produce restorations and prostheses
with a more suitable color.

L*a*b* values of maxillary permanent central incisors
showed a negative correlation with age with a correlation
coefficient p = 0.914, 0.908, 0.710 respectively, as present-
ed in Table 7. There was no correlation between age and
the color values of maxillary permanent lateral incisors.
The majority of maxillary permanent central incisors
studied in this study were at the Demirjan’s stage G and H,
and the proportion of maxillary permanent central inci-

sors with complete root development tended to increase

with patients’ age. On the other hand, maxillary perma-
nent lateral incisors included a considerable number of
stage F (Table 2), and there was no clear pattern of age-
dependent root development. Based on this observation,
it is considered that the correlation of CIE L*a*b* values
with age is not as strong in maxillary permanent lateral
incisors as in maxillary central incisors between age 7
and 14. Future studies with a larger sample size will be
necessary. In both of maxillary permanent central and
lateral incisors, the tooth colors were brighter in patients
age 10 and younger. According to Kuremoto et al.[29], age
9.7 is when root development of maxillary permanent
incisors is completed, and the mean age of this study
population was 10.0 & 1.5. For this reason, the age of 10
years old was used as the criterion for dividing groups.
Similar results were reported in Jahangiri et al.[20]. The
dentin layer becomes harder and less permeable with
age as the dental pulp shrinks and secondary dentin
forms, resulting in darker tooth color[22]. At the same
time, the pigments and ions can diffuse through enamel,
and accumulate at the interface of dentin and enamel
and within dentin[21]. Meera et al.[30] and Goodkind and
Schwabacher([19] reported that the deposition of second-
ary dentin mainly contributes to changes in teeth color
with age. A limitation of this study was that the number
of patients aged 7 and 12 to 14 years old was insufficient
to confirm the age-dependent color change. Future stud-
ies with a sufficient sample size at each age are neces-
sary.

Although several studies have reported the effect of age
on the color of maxillary permanent incisors[30], there
are no reliable databases of the tooth color in relation to
root developmental stage. There was no significant color
difference between teeth with Demirjian stage F, G and
H. The teeth were classified into a group with incom-
plete root development and a group with complete root
development. While L* value decreased with increasing
age, the color values did not show statistically significant
differences associated with root developmental stage.
This differs from the reports of the previous studies[31],
which suggested that teeth become darker and yellower

as the root develops, because the accumulation of sec-
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ondary dentin is a crucial event for the tooth darkening
process. Savas et al.[7] suggested that an incomplete
calcification process of teeth with an open apex can
cause color differences with root developmental stage, as
underdeveloped teeth have low levels of mineralization
and porous structures. The reason why it was not pos-
sible to confirm the color difference in relation to root
developmental stage in this study is possibly because of
the sample size differences between the incomplete and
complete root development groups. Since only patients
with fully erupted incisors were included in this study,
those in Demirjian Stage F were only 6.9% among maxil-
lary permanent central incisors and 17.3% among all the
teeth studied. Incisors with earlier root developmental
stages were not included. Hence this study cannot exact-
ly reflect the impact of root development on tooth color
due to insufficient sample size for each stage of root de-
velopment.

Since there is no standard colorimetric system, each
company selects a shade guide of choice to manufacture
restorative materials[32]. VITA classical Al - D4® is the
most widely used shade guide. It consists of 16 speci-
mens from Al to D4 with different chroma and bright-
ness. ‘A stands for reddish - brown; ‘B’ stands for reddish
- yellow; ‘C’ stands for gray; and ‘D’ stands for reddish
- gray. The number indicates the brightness, with the
smallest number being the brightest[32]. In maxillary
permanent incisors, A2 and B3 shades appear most fre-
quently[6]. In this study, B3 shade is the most frequent
in both maxillary permanent central incisors and lateral
incisors which is consistent with the previous studies|[6].
In patients younger than age 7, the best matching VITA
shade for both maxillary permanent central and lateral
incisors was Al. Considering the small sample size for
patients at age 7, future studies with more samples will
be necessary to confirm Al as the best matching VITA
shade for age 7. As chronological age increased the best
matching VITA shade for each age group showed darker
and more yellow shades (Table 9). Based on this observa-
tion, Al shade seems suitable for the restoration of max-
illary permanent incisors in children under the age of 7

years old, and the darker and more yellow resin for older
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patients.

In this study, the colors of maxillary permanent inci-
sors were measured using the spectrophotometer with
known accuracy and reliability. This study was intended
to provide a database for the color distribution of maxil-
lary permanent incisors in children and adolescents. It is
meaningful that all the color measurements of maxillary
permanent incisors were performed with the same spec-
trophotometer under consistent conditions.

Additional studies with greater sample sizes should be
conducted, and the results should be compared to the
existing studies, as a limitation of this study is the small
sample size of maxillary permanent central incisors with
incomplete root development and maxillary permanent
lateral incisors with complete root development. The
diameter of the measuring tip of the spectrophotom-
eter could have been another limitation. Because of
the relatively large diameter of the measuring tip of the
spectrophotometer, the color measuring area for the cer-
vical 1/3, middle 1/3 and incisal 1/3 subregions may have
overlapped to some extent. Hence, a measuring tip with
a smaller diameter is required for accurate color evalua-

tion of tooth subregions.

Conclusion

In this study, the colors of maxillary permanent central
and lateral incisors were measured using the spectro-
photometer and quantified by CIE L*a*b* system.

The average CIE L*a*b* values of maxillary permanent
central incisors were I = 84.01 £ 3.57, a* = 0.17 £ 0.67,
and b* = 24.07 £ 3.43. The average values of maxillary
permanent lateral incisors were L*= 82.33 * 3.38, a* =
0.31 & 0.56, and b* = 25.99 + 3.23. The AE*,, between
maxillary permanent central and lateral incisors and A
E*,, between the subregions of teeth were greater than
the clinical perceptibility threshold. CIE L*a*b* values
showed statistically significant differences among the
subregions of maxillary permanent incisors. The bright-
ness was highest in the cervical 1/3 region, and redness
and yellowness increased from the incisal 1/3 region to

the cervical 1/3 region. Patients 10 years old and younger
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showed statistically higher L* values than older patients.
Based on the results of this study, the color differences
between the central and lateral incisors and among sub-
regions of a tooth, and the effects of age on tooth color
should be considered for the aesthetic restorations of

permanent incisors in children and adolescents.
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