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Accuracy of an intraoral digital scanner in tooth color
determination
Vygandas Rutk�unas, DDS, PhD,a Julius Dirs _e,b and Vytautas Biliusc
ABSTRACT
Statement of problem. Whether intraoral digital scanners with an integrated shade-taking
function can substitute for colorimeters, spectrophotometers, or the visual method to reduce
working time is unclear.

Purpose. The purpose of this clinical study was to evaluate the accuracy of the measurement of
tooth shade obtained with an intraoral digital scanner in vivo.

Material and methods. Shades of 120 maxillary anterior teeth were evaluated by using a
SpectroShade spectrophotometer (SS) and a TRIOS 3 intraoral digital scanner (T3) on 20 participants.
The matching of shade readings between the T3 and SS was used to estimate the accuracy of the T3.
The percentage of readings when a difference between the shades obtained by both devices was
visually perceptible (DE>3.7) was calculated. Each of the 120 teeth was measured 5 times to assess
repeatability.

Results. The accuracy of the T3 was 53.3% when the color was recorded as a Vita 3D-Master (VM)
shade and 27.5% for the Vita Classical (VC) shade guide when the SS was taken as a reference. A
visually perceptible color difference was found in 25% (VM) and 50.8% (VC) of situations when the
shade was determined with the SS and 48.3% (VM) and 78.3% (VC) with the T3. Repeatability was
92% (VM) and 93.5% (VC) for the SS, and 90.33% (VM) and 87.17% (VC) for the T3.

Conclusions. The findings of this study revealed that the tooth color determined by the T3 does
not exactly match that obtained by the SS that additional methods of measuring tooth color are
recommended. The accuracy of the T3 was higher when the color was recorded as VM values rather
than VC values. (J Prosthet Dent 2020;123:322-9)
Dental restorations should
restore both function and es-
thetics. The desire to reproduce
natural optical features in dental
restorations and to meet the
esthetic requirements of pa-
tients and dentists has led to the
development of new restorative
materials and instruments to
determine and reproduce color.1

To identify the color of a
tooth and to reproduce it in a
dental restoration, commercial
shade guides have been used.
As an alternative, custom shade
guides, from the restorative
material itself, can be used.2,3

One of the most popular com-
mercial shade guides, the Vita
Classical (VC) (Vita Zahnfab-
rik), is based on the color fre-
quency of natural teeth.

Competing shade guides (Noritake; Kuraray Noritake
Dental Inc, Chromascop; Ivoclar Vivadent AG, Bioform;
Dentsply Sirona) are also based on the same principle.4

Another shade guide (Vita 3D-Master [VM]; Vita Zahn-
fabrik) is systematically arranged on the CIELCh color
scale and has been reported to be more reliable.5-11

The calculation and measurement of the color dif-
ference (DE) between the 2 objects can be achieved by
using the CIELab color scale, where the L axis refers to
lightness (0=pure black, 100=pure white), the a axis
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refers to red-green chromaticity (+a=redness,
−a=greenness), and the b axis shows yellow-blue
chromaticity (+b=yellowness, −b=blueness). Under
experimental conditions, DE>1 can be seen by the hu-
man eye,12 but the clinically visible color difference for a
tooth has been reported to be when DE>3.7.13 When
the tooth color is determined with shade guides, several
shade tabs could be visually acceptable, because DE
between the tabs and the tooth could be less than 3.7.
It is also possible that all shade tabs are visually
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Clinical Implications
Tooth color readings made with a TRIOS 3 intraoral
digital scanner and a spectrophotometer can differ
significantly. The accuracy of the intraoral digital
scanner was 53.3% when the Vita 3D-Master shade
guide values were used and 27.5% with the Vita
Classical shade guide. When tooth shades are
recorded with the Vita 3D-Master, fewer visually
perceptible color differences (DE>3.7) can be
expected. Both devices have very high (>87%)
repeatability. The Vita 3D-Master shade guide
should be used with the TRIOS 3 intraoral digital
scanner and supplemented with additional
methods to determine color.

February 2020 323
unacceptable because DE between the tabs and the
tooth could be greater than 3.7.14

Digital cameras, spectrophotometers, and colorime-
ters have been used to assist in color determination and
have been reported to be more reliable than the visual
method.1,15-20 They can also be used to determine the
translucency of the tooth, which is the second leading
factor, after color, for matching a restoration to adjacent
teeth.21

Two types of spectrophotometers are available,22

spot-measurement spectrophotometers (VITA Easy-
shade Advance 4.0; Vita Zahnfabrik, Shade-X; X-Rite),
which determine the color of the tooth when the tip of
the spectrophotometer is placed on the tooth surface,
and complete-tooth-measurement spectrophotometers
(SpectroShade; MHT Optic Research AG, Crystaleye;
Olympus), which determine the color of the tooth
through making and analyzing digital images. These
spectrophotometers use illumination at 45 degrees and
observation at 0 degrees (45/0). Spectrophotometers
with 0-degree illumination and 45-degree observation
(0/45) are not suitable for clinical use because of the
limited space in the oral cavity.23 Similarly, colorimeters
are classified based on the same principles: spot-
measurement (ShadeEye NCC; Shofu Dental, Digital
Shade Guide DSG4; Rieth) and complete-tooth-
measurement colorimeters (ShadeVision; X-Rite).22 All
color-measuring devices used in dentistry have an edge
loss effect because some emitted photons are lost and
are not detected by the device.24 The influence of edge
loss can be reduced by using a complete-tooth-
measurement device instead of a spot-measurement
device.24

Spectrophotometers are among the most accurate
devices for determining tooth color.1 Their operation is
based on the transmission of white light being dispersed
through a triangular prism from 1 to 25 nm wavelength
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intervals, reflected from the surface of the tooth, and
returned to the device, where the total quantity of energy
of the color spectrum is registered.25,26 Colorimeters are
less accurate because they do not register the entire
returning spectrum of colors, but only 3 colors: red,
green, and blue.27,28 However, recent studies have re-
ported that, in terms of accuracy, some complete-tooth
measurement colorimeters produce results similar to
those of spectrophotometers.29

Intraoral digital scanners (TRIOS 3; 3Shape, CEREC
AC OmniCam; Dentsply Sirona, CS 3500; Carestream
Dental, and others) have been increasingly used to make
digital scans of dental arches. TRIOS 3 is an intraoral
digital scanner with a shade-taking function. However,
whether an intraoral digital scanner with an integrated
shade-taking function can substitute for colorimeters or
spectrophotometers is unclear. Two studies have evalu-
ated the reliability of an intraoral digital scanner (TRIOS
Color; 3Shape) in determining the tooth color. A sub-
jective visual method30 and the VITA Easyshade Advance
4.031 were used as references in these studies. More
reliable reference devices such as complete-tooth-
measurement spectrophotometers, however, should be
used to better assess the accuracy of intraoral digital
scanners for color determination. The influence of the
shade guide system selected on these devices should also
be investigated.

Therefore, the purpose of this clinical study was to
evaluate the color determination accuracy of the TRIOS 3
intraoral digital scanner (T3) by comparing it with the
SpectroShade spectrophotometer (SS); to estimate the
percentage of situations when the determined shade
difference with both devices was visually perceptible
(DE>3.7); and to evaluate the repeatability of both de-
vices. The null hypothesis was that T3 measurements
would not differ from SS measurements with regard to
color determination.
MATERIAL AND METHODS

All procedures performed in studies involving human
participants were in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. This
study was reviewed and approved by the Vilnius
Regional Biomedical Research Ethics Committee,
Lithuania (NR. 158.200-16-861-370). Twenty students
aged 20 to 23 years (average 22 years) were recruited
for the study from the third to the fifth year of the
Institute of Odontology of the Faculty of Medicine of
Vilnius University. All the participants received writ-
ten information and signed an informed consent form.
Participants with any restorative or bleaching pro-
cedures or with congenital or acquired tooth color
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 1. Positioning of SpectroShade spectrophotometer according to
reference lines.

Figure 2. Division of teeth into 3 thirds.

Figure 3. Unification of measurement areas with TRIOS 3 intraoral digital scanner (T3) and SpectroShade spectrophotometer (SS). A, Ratio of diameter
of marked circle and vertical tooth height in T3 calculated. B, Circle of corresponding diameter selected on SS.
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changes (demineralization, fluorosis, enamel hypo-
plasia) were excluded. Over the preceding 6 months,
all the participants received professional oral hygiene
procedures. The color of each participant’s maxillary
anterior teeth (2 canines, 2 lateral, and 2 central in-
cisors) were measured. Overall, the color of 120 teeth
was recorded in 20 participants.

The visual color parameters of each tooth were
measured by using T3 and SS. The T3 is based on the
principle of confocal microscopy. This optical imaging
technique is used to increase optical resolution and
contrast by blocking out-of-focus light while the image is
being formed.32 The intraoral digital scanner uses a light-
emitting diode (LED) as a source of light and produces
multiple images from different angles to reproduce a 3-
dimensional (3D) view of the dental arch. Finally, soft-
ware allowed a determination of the shade of a selected
tooth area according to the VM and VC shade guides.
The SS produces images when an intraoral adapter
protecting against external light is positioned at a 90-
degree angle to the targeted tooth center following the
THE JOURNAL OF PROSTHETIC DENTISTRY
lines indicated on the screen (Fig. 1). One digital image is
captured and processed by the software to determine
tooth shade, which can be represented by 22 different
shade guides. The spectrophotometer enables the overall
shade average, the shades of the separate thirds of the
tooth, a detailed shade map, or the levels of translucency
to be displayed. The spectrophotometer can also read the
shade of the selected tooth area recorded as L, a, b or L,
C, h values.

On each tooth, marks dividing the tooth into
thirds were made with a pencil (Fig. 2). After scan-
ning with the T3, the standard shape (circle) for
shade determination was placed in the middle third
of the tooth according to the pencil marks. This area
reflects tooth color most accurately, as the incisal
third of the tooth is often too transparent and the
gingiva in the cervical third disperses the reflected
light, thus distorting the tooth color.5,33 According to
the ratio of the diameter of the marked circle and the
vertical tooth height, a circle of the corresponding
diameter was selected on the SS. In this way, the
Rutk�unas et al



Figure 4. Determination of tooth color L, a, b/L, C, h value with
SpectroShade spectrophotometer.

Table 1. Conversion table: L, a, and b values of all VM and VC shade tabs
taken from SS database

Shade Guide L a b

VM

0M1 81.6 0.7 6.3

0M2 81.3 0.8 7.9

0M3 80.9 0.6 9.1

1M1 76.9 0.7 11.5

1M2 77 0.9 16.7

2L1.5 73 1.2 16.5

2L2.5 72.4 1.3 20.9

2M1 72.3 1.3 12.5

2M2 72.7 1.6 17.3

2M3 72.2 1.5 21.1

2R1.5 71.8 2 13.9

2R2.5 73 2 20

3L1.5 68.4 2 18.9

3L2.5 68.9 2.2 22.8

3M1 68.2 2.3 14.2

3M2 69.5 2.5 19.5

3M3 69.4 3 25.6

3R1.5 68.2 3.3 16.7

3R2.5 68.5 3.7 23.5

4L1.5 63.9 3 19.4

4L2.5 65 3.6 25.6

4M1 64.3 3.1 16.4

4M2 65.9 3.7 21.4

4M3 65.1 4.2 27.6

4R1.5 64.5 4.2 19

4R2.5 64.9 4.8 24.3

5M1 60.2 4.1 17.8

5M2 61.1 5.4 25

5M3 62.1 6.1 30.1

VC

A1 76.4 0.5 14

A2 73.7 1.3 18

A3 72 2.1 21.2

A3.5 68.8 2.8 23.6

A4 65.1 3.1 24.3

B1 75.1 -0.2 12.3

B2 74 0.5 17.9

B3 70.8 1.8 24.5

B4 69.8 1.8 25.4

C1 71.5 0.7 14.3

C2 68.5 1.2 19

C3 65.8 1.7 19.7

C4 61.8 2.9 22.8

D2 70.3 0.9 13.9

D3 68.5 2 17.6

D4 68.7 0.8 21.1

SS, SpectroShade spectrophotometer; VC, Vita Classical; VM, Vita 3D-Master.
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shades of the nearly identical tooth areas were
determined by the SS and T3 (Fig. 3).

The color was determined in natural daylight without
direct illumination. The participants were sitting on the
same chair with the same head position (the Frankfurt
horizontal plane parallel to the floor). The teeth were
moistened by saliva before each measurement as dry
teeth can appear lighter.34 The teeth were remoistened
every minute. Both devices were used in an alternating
order for each participant.

Before the study, the investigators standardized the
measurement protocol. Each operator (J.D., V.B.) per-
formed a pilot color determination of 24 teeth with the T3
and SS. Interoperator agreement was estimated by using
Cohen kappa statistics.

The T3 and SS were calibrated before scanning each
tooth. The scans were performed by 2 operators (J.D.,
V.B.). Each of the 120 teeth were scanned 5 times with
both devices, resulting in 5 color readings in each shade
guide: VM and VC. A total of 600 T3 and 600 SS color
readings in each shade guide were obtained. The mode
was calculated from 5 readings of each tooth for both
shade guides, and the value obtained was considered the
shade determined with the device. No bimodal data sets
were recorded.

Because the spectrophotometer is able to record only
the L, a, and b values of the selected area of a tooth, a
separate step was needed to record shades as values of
the VM and VC shade guides. For this purpose, DE
values between L, a, and b (Fig. 4) were recorded with
the SS, and L, a, and b values taken from the SS database
representing the VM and VC shade guides (Table 1) were
calculated to determine the closest shade tab (minimum
DE). DE was calculated by using the following formula:
DE=√(DL2+Da2+Db2).

The SS is one of the most accurate devices used to
determine the color of teeth.25,35-37 This study, therefore,
used the tooth color determined by the SS as a reference.
Rutk�unas et al
The matches between the shades determined by the T3
and SS were used to estimate the accuracy of the
intraoral digital scanner in determining the color (Fig. 5).

To evaluate the visually perceptible color difference of
the VM and VC shades registered with both devices, L, a,
THE JOURNAL OF PROSTHETIC DENTISTRY



5 L, a, b values

5 VM/VC values

VM/VC value VM/VC value

L, a, b values

ΔE ΔE
Wilcoxon signed rank

test

L, a, b values

Accuracy
(matching %)

Directly
determined tooth

L, a, b values

Mode

Conversion
table

Conversion
table

5 VM/VC values

Mode

Shade tab (min ΔE)
determination from

conversion table

Friedman test

SS T3

Figure 5. Scheme of measurements. SS, SpectroShade
spectrophotometer; T3, TRIOS 3 intraoral digital scanner; VC, Vita
Classical; VM, Vita 3D-Master.

Table 2. Tooth color frequency by percentage

Shade Guide

T3 SS

%

Vita 3D-Master

0M3 2.5 2.5

1M1 0.8 3.3

1M2 47.5 38.3

2L1.5 0.0 0.8

2L2.5 0.8 0.0

2M2 1.7 4.2

2M3 22.5 1.7

2R2.5 2.5 16.7

3M2 0.0 3.3

3M3 19.2 16.7

3R2.5 0.8 9.2

4M3 1.7 3.3

Total 100.0 100.0

Vita Classical

A1 12.5 25.8

A2 1.7 28.4

A3 1.7 15.8

A3.5 0.8 8.3

A4 0.0 1.7

B2 39.2 1.7

B3 25.8 15.0

B4 18.3 3.3

Total 100.0 100.0

SS, SpectroShade spectrophotometer; T3, TRIOS 3 intraoral digital scanner.
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and b values from the SS database were used. For this
purpose, shades recorded by the T3 and SS according to
the VM/VC guides were converted to L, a, and b values
by using a conversion table. DE was calculated between
the L, a, and b values obtained from the conversion of the
VM/VC shades and the L, a, and b values which were
initially directly determined with the SS. The purpose of
calculating DE was to identify the instances when the
shade determined with the T3 and SS had a visually
perceptible color difference (DE>3.7) (Fig. 5).

Because each tooth was scanned 5 times with the SS
and the T3, it was possible to evaluate and compare the
repeatability of both devices. The repeatability of the T3
and SS was evaluated by calculating the average per-
centage of the shades most often registered from the 5
measurements of the same tooth (n=120) according to
the VM and VC guides.

Assuming that the T3 and SS measurements would
not be normally distributed, the sample size was
THE JOURNAL OF PROSTHETIC DENTISTRY
calculated based on Wilcoxon signed-rank test assump-
tions, 5% type I error, 80% power, and effect size not
higher than 0.3. The sample size was estimated to be at
least 94 teeth. Descriptive statistics were used to describe
the percentage of color match (accuracy) of the T3 and SS
readings, situations when the shade determined by both
devices was visually perceptible (DE>3.7), and the
repeatability of both devices. The Shapiro-Wilk test was
used to assess the normality of the distribution of
quantitative variables (L, a, and b values). Nonparametric
tests were further used because the L, a, and b values
were not distributed normally. The Wilcoxon signed-rank
test was used to evaluate the differences between the L,
a, and b values obtained from the conversion of the VM/
VC shades registered with T3 and the L, a, and b values
that were directly determined with the SS. The Friedman
test was used to evaluate the repeated measurements of
variables L, a, and b from the SS (a=.05). Statistical
analysis was performed with statistical software (IBM
SPSS Statistics, v21; IBM Corp). The sample size calcu-
lation was done using software (G*Power 3.1; Heinrich
Heine University of Dusseldorf).

RESULTS

A slight difference was observed in the distributions of
tooth color recorded as the VM/VC values by using the
Rutk�unas et al



Table 3. Interoperator agreement for measurements with different
devices and shade guides

Device/Shade Guide Number of Teeth Cohen Kappa

SpectroShade/Vita 3D-Master 24 0.95

SpectroShade/Vita Classical 24 0.88

TRIOS 3/Vita 3D-Master 24 0.76

TRIOS 3/Vita Classical 24 0.77

Table 4.Matching of measurements between T3 and SS

Measurement Comparison

Vita 3D-Master Vita Classical

Frequency % Frequency %

Matching 64 53.3 33 27.5

Not matching 56 46.7 87 72.5

Total 120 100 120 100

SS, SpectroShade spectrophotometer; T3, TRIOS 3 intraoral digital scanner.

Table 5. Visually perceptible color difference (DE>3.7) when teeth shades recorded as VM and VC values with both devices

Vita 3D-Master Vita Classical

Device/DE Threshold Rate % Device/DE Threshold Rate % Device/DE Threshold Rate % Device/DE Threshold Rate %

SS DE<3.7 90 75 T3 DE<3.7 62 51.7 SS DE<3.7 59 49.2 T3 DE<3.7 26 21.7

SS DE>3.7 30 25 T3 DE>3.7 58 48.3 SS DE>3.7 61 50.8 T3 DE>3.7 94 78.3

Total 120 100 Total 120 100 Total 120 100 Total 120 100

SS, SpectroShade spectrophotometer; T3, TRIOS 3 intraoral digital scanner; VC, Vita Classical; VM, Vita 3D-Master.
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T3 and SS (Table 2). The interoperator agreement using
the SS and T3 was good (k>0.75), but agreement
among the researchers using the SS was better than
those using the T3 (Table 3).

The percentage of color match (accuracy) of T3
readings compared with that of the SS was 53.3% when
the color was recorded as VM shade guide values and
27.5% for the VC shade guide values. The percentage of
color match with the T3 was almost twice as high when
the color of the tooth was recorded using the VM shade
guide than it was with the VC shade guide (Table 4).

Statistical analysis of the detailed comparison of both
devices (Wilcoxon signed-rank test) revealed a significant
difference between L (P<.001) and a (P<.001) values
when the T3 shades were recorded as VM values. The b
(yellow-blue) values remained equally distributed
(P=.082). When the shades were recorded as VC values,
significant differences in all 3 coordinates were found
(P<.012).

The visually perceptible color difference was found to
be at least 25% when color was recorded as a VM/VC
value with both devices (Table 5). The repeatability of the
T3 and SS was similar. The highest repeatability was
observed with the SS when shades were recorded as VC
values (93.5%) and slightly lower (92.0%) when using
VM values. The repeatability of the T3 was 90.3% with
VM and 87.2% with VC. No significant differences
(Friedman test) were found between the 5 repeated
measurements of L (P=.088), a (P=.714), and b (P=.131)
values obtained with the SS. This comparison could not
be applied to the T3 because this device does not record
L, a, and b values directly.
DISCUSSION

The research hypothesis was rejected because T3 mea-
surements differed from SS measurements with regard to
color determination. The results of the present study
differed from a study that concluded that an intraoral
Rutk�unas et al
digital scanner, a spectrophotometer, and the visual
method are equally reliable methods of determining
tooth color.30 In the present study, the SS was used as a
reference (“true” color), while Gotfredsen et al30 used a
subjective visual method as a reference, that is to say, if
the colors determined by the T3 and SS did not match,
the “true” color of the tooth was considered to be the one
determined by the visual method using a shade guide.
Based on results obtained from earlier studies, spectro-
photometers are more accurate and reliable than the vi-
sual method in determining the tooth color.16,17 These
findings can be explained by many factors affecting hu-
man color perception.1 Therefore, in the present study,
the use of the visual method was excluded, and the mode
calculated from 5 SS color readings was considered
the “true” color of the tooth. Another study investigated
the reliability of an intraoral digital scanner in vivo,
but the “true” color of teeth was determined by a VITA
Easyshade Advance 4.0.31 Because an SS is considered to
be one of the best in terms of precision and reliability
in vitro and in vivo settings, it was chosen as a refer-
ence.25,35,36 An earlier study revealed that an SS under
clinical conditions is more reliable than the Easyshade.25

Under freehand conditions, the repeatability and accu-
racy of the Easyshade was negatively influenced, but that
was not the case with the SS.36 Nevertheless, both de-
vices are reliable and can be used as a reference instru-
ment.35 The present study found that the accuracy of the
T3 (percentage color match) was 53.3% compared with
that of the SS when color was recorded as VM values,
while the other study indicated 43.9% when compared
with the Easyshade spectrophotometer. The differences
may be explained by the fact that the “true” color of the
tooth was defined from only 1 reading of the Easyshade
spectrophotometer. This single measurement may have
been inaccurate because the repeatability of the Easy-
shade was 76.6% in vivo. That study did not assess the
accuracy of an intraoral digital scanner with VC values,
while the present study revealed that T3 accuracy was
THE JOURNAL OF PROSTHETIC DENTISTRY
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27.5%. This study evaluated T3 accuracy by comparing it
with the SS and estimating the match between the T3
and the SS shades recorded as VM/VC values. A statis-
tically significant difference between the T3 and SS L and
a values may not represent the accuracy of the T3 accu-
racy as conversion from VM/VC values to L, a, and b
values was needed. Therefore, if it were possible to re-
cord the shades with an intraoral digital scanner as L, a,
and b values and not just as VM/VC values, the accuracy
of the device could be estimated in a better way.

Shade determination using VM and VC values was
also assessed. The VM shade guide is better than the VC
shade guide because it has a broader range of coverage
and an equidistant distribution of color samples in the
color space of natural teeth.5,6 However, the VC shade
guide is still widely used to determine color. Based on the
findings of this study, the T3 and the SS were more
reliable when the shades of teeth were recorded as VM
values rather than VC values. The results are consistent
with the findings of previous studies, which indicate that
using the VM shade guide to determine color is more
reliable than using the VC.7,8

Reports have indicated that commercially available
shade guides do not provide sufficient spectral coverage
of the colors present in teeth, which means that when
shades are measured, coverage error (CE) is possible. CE
is the index that shows the mean value of the minimal
color differences between each tooth and the shade
tabs. Bayindir et al5 reported that the CE was 3.93 for
the VM shade guide and 5.39 for the VC. Other studies
also reported that the VM shade guide had the lowest
CE compared with other shade guides used.9-11 John-
ston and Kao13 reported that color differences (DE
values) above 3.7 can be perceived by the human eye.
Because the mean value of CE is higher than the mean
perceptibility threshold, the determined shade can differ
perceptibly from the adjacent teeth. Studies have eval-
uated clinically acceptable color difference,13,31 but in
the present study, the visually perceptible difference was
not evaluated, and therefore, the threshold value was
chosen as 3.7.13

This study shows that the repeatability of the T3 is
similar to that of the SS and that the repeatability of both
devices is good (>87%). Also, it confirms the repeatability
of the SS determined by previous in vitro studies to be
from 82.7% to 96.9%.29,37 The repeatability of the T3 was
found to be 90.33%, while the other study reported
78.3%.31 This moderate difference could have occurred
for several reasons. First, the measurements in the pre-
sent study could have been carried out more accurately
because the teeth were divided into 3 thirds. Second,
each tooth was measured 5 times instead of 3. Never-
theless, intraoral digital scanner repeatability could be
determined more accurately if the shades were recorded
as L, a, and b values.
THE JOURNAL OF PROSTHETIC DENTISTRY
This study has several limitations. The software of the
intraoral digital scanner does not provide actual L, a, and
b values, and a conversion table was used to calculate DE.
Potential colorimetric data could, therefore, have been
lost. True reference was not available in the study, and
only 1 color-measuring instrument was used as a refer-
ence. An attempt should be made to use more accurate
color-measuring devices as reference instruments in
future studies.

CONCLUSIONS

Based on the findings of this clinical study, the following
conclusions were drawn:

1. The T3 does not exactly match the SS in deter-
mining tooth color, and therefore, additional
methods are recommended.

2. The accuracy of the T3 is higher when the color is
recorded as VM values rather than as VC values.

3. The repeatability of both devices with the VM and
VC was very high (>87%).
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8. Öngül D, Şermet B, Balkaya MC. Visual and instrumental evaluation of color
match ability of 2 shade guides on a ceramic system. J Prosthet Dent
2012;108:9-14.

9. O’Brien WJ, Boenke KM, Groh CL. Coverage errors of two shade guides. Int J
Prosthodont 1991;4:45-50.

10. Dozic A, Voit NFA, Zwartser R, Khashayar G, Aartman I. Color coverage of a
newly developed system for color determination and reproduction in
dentistry. J Dent 2010;38 Suppl 2:e50-6.

11. Li Q, Yu H, Wang YN. In vivo spectroradiometric evaluation of colour
matching errors among five shade guides. J Oral Rehabil 2009;36:65-70.

12. Kuehni RG, Marcus RT. An experiment in visual scaling of small color dif-
ferences. Color Res Appl 1979;4:83-91.

13. Johnston WM, Kao EC. Assessment of appearance match by visual obser-
vation and clinical colorimetry. J Dent Res 1989;68:819-22.

14. Yuan JC-C, Brewer JD, Monaco EA, Davis EL. Defining a natural tooth
color space based on a 3-dimensional shade system. J Prosthet Dent 2007;98:
110-9.

15. Schropp L. Shade matching assisted by digital photography and computer
software. J Prosthodont 2009;18:235-41.

16. Alsaleh S, Labban M, AlHariri M, Tashkandi E. Evaluation of self shade
matching ability of dental students using visual and instrumental means.
J Dent 2012;40 Suppl 1:e82-7.

17. Gehrke P, Riekeberg U, Fackler O, Dhom G. Comparison of in vivo visual,
spectrophotometric and colorimetric shade determination of teeth and
implant-supported crowns. Int J Comput Dent 2009;12:247-63.

18. Judeh A, Al-Wahadni A. A comparison between conventional visual and
spectrophotometric methods for shade selection. Quintessence Int 2009;40:
e69-79.

19. Yap AU, Sim CP, Loh WL, Teo JH. Human-eye versus computerized color
matching. Oper Dent 1999;24:358-63.
Rutk�unas et al

http://refhub.elsevier.com/S0022-3913(19)30074-5/sref1
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref1
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref1
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref2
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref2
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref3
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref3
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref4
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref4
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref5
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref5
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref5
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref6
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref6
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref7
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref7
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref8
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref8
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref8
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref8
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref9
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref9
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref10
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref10
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref10
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref11
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref11
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref12
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref12
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref13
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref13
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref14
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref14
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref14
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref15
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref15
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref16
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref16
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref16
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref17
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref17
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref17
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref18
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref18
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref18
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref19
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref19


February 2020 329
20. Okubo SR, Kanawati A, Richards MW, Childress S. Evaluation of visual and
instrument shade matching. J Prosthet Dent 1998;80:642-8.

21. Lee Y-K. Translucency of human teeth and dental restorative materials and
its clinical relevance. J Biomed Opt 2015;20:045002.

22. Chu SJ, Trushkowsky RD, Paravina RD. Dental color matching instruments
and systems. Review of clinical and research aspects. J Dent 2010;38 Suppl 2:
e2-16.

23. Da Silva JD, Park SE, Weber H-P, Ishikawa-Nagai S. Clinical performance of
a newly developed spectrophotometric system on tooth color reproduction.
J Prosthet Dent 2008;99:361-8.

24. Bolt RA, Bosch JJ, Coops JC. Influence of window size in small-window
colour measurement, particularly of teeth. Phys Med Biol 1994;39:1133-42.

25. Khurana R, Tredwin CJ, Weisbloom M, Moles DR. A clinical evaluation of the
individual repeatability of three commercially available colour measuring
devices. Br Dent J 2007;203:675-80.

26. Joiner A, Luo W. Tooth colour and whiteness: A review. J Dent 2017;67S:
S3-10.

27. Berns RS. Billmeyer and Saltzman’s principles of color technology. 3rd ed.
New York: John Wiley & Sons Inc.; 2000. p. 88-92.

28. Paravina RD, Powers JM. Esthetic color training in dentistry. 1st ed.17-28. St.
Louis: Elsevier; 2004. p. 169-70.

29. Kim-Pusateri S, Brewer JD, Davis EL, Wee AG. Reliability and accuracy of
four dental shade-matching devices. J Prosthet Dent 2009;101:193-9.

30. Gotfredsen K, Gram M, Brahem BE, Hosseini M, Petkov M, Sitorovic M.
Effectiveness of shade measurements using a scanning and computer soft-
ware system. A pilot study. Int J Dent Oral Health 2015;1:2-5.

31. Brandt J, Nelson S, Lauer H-C, von Hehn U, Brandt S. In vivo study for tooth
colour determination-visual versus digital. Clin Oral Investig 2017;21:
2863-71.

32. Pawley J. Handbook of biological confocal microscopy. 3rd ed. Berlin:
Springer; 2006. p. 4-41.
Rutk�unas et al
33. O’Brien WJ, Hemmendinger H, Boenke KM, Linger JB, Groh CL. Color
distribution of three regions of extracted human teeth. Dent Mater 1997;13:
179-85.

34. Du RX, Li YM, Ma JF. Effect of dehydration time on tooth colour measure-
ment in vitro. Chin J Dent Res 2012;15:37-9.

35. Llena C, Lozano E, Amengual J, Forner L. Reliability of two color selection
devices in matching and measuring tooth color. J Contemp Dent Pract
2011;12:19-23.

36. Tsiliagkou A, Diamantopoulou S, Papazoglou E, Kakaboura A. Evaluation of
reliability and validity of three dental color-matching devices. Int J Esthet
Dent 2016;11:110-24.

37. Paul SJ, Peter A, Rodoni L, Pietrobon N. Conventional visual vs spectro-
photometric shade taking for porcelain-fused-to-metal crowns: a clinical
comparison. Int J Periodontics Restorative Dent 2004;24:222-31.

Corresponding author:
Dr Vygandas Rutk�unas
Department of Prosthodontics
Institute of Odontology
Faculty of Medicine
Vilnius University
�Zalgirio str. 115, LT-08217 Vilnius
LITHUANIA
Email: rutvyg@gmail.com

Acknowledgments
The authors would like to thank Dr Robertas Kirlys for his enthusiastic
encouragement and useful advice.

Copyright © 2019 by the Editorial Council for The Journal of Prosthetic Dentistry.
https://doi.org/10.1016/j.prosdent.2018.12.020
THE JOURNAL OF PROSTHETIC DENTISTRY

http://refhub.elsevier.com/S0022-3913(19)30074-5/sref20
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref20
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref21
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref21
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref22
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref22
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref22
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref23
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref23
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref23
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref24
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref24
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref25
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref25
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref25
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref26
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref26
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref27
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref27
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref28
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref28
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref29
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref29
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref30
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref30
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref30
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref31
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref31
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref31
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref32
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref32
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref33
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref33
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref33
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref34
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref34
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref35
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref35
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref35
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref36
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref36
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref36
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref37
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref37
http://refhub.elsevier.com/S0022-3913(19)30074-5/sref37
mailto:rutvyg@gmail.com
https://doi.org/10.1016/j.prosdent.2018.12.020

	Accuracy of an intraoral digital scanner in tooth color determination
	Material and methods
	Results
	Discussion
	Conclusions
	References


