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A Comparison of Tooth Color Measurement by Conventional Visual under Artificial Light

Source, Intraoral Scanner and Spectrophotometer Methods
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ABSTRACT

The aims of study were to compare the difference in color parameters, the accuracy, and the reliability of
tooth shade selection under different methods, which are conventional visual under artificial light source, intraoral
scanner and spectrophotometer. The ten shade tabs from the Vitapan 3D master shade guide were selected and placed
on a gingiva model as one by one between shade tabs from other shade guides. Each shade tab was measured by
every methods. Color parameters were described in L* a* b*and color difference (AE) according to CIELAB color
system. The statistical analysis was set the significant level at P<0.05. The Kruskal — Wallis statistic was indicated
that there was no significant difference in L* a* b* among three methods. In addition, Spearman correlation were

analyzed for validity of visual and intraoral scanner = 0.88 (0.72-1.0) and reliability in three methods = 0.89 (0.57-1.0).
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Introduction

Contemporary practice in prosthetic dentistry is to restore dental patients to normal function and esthetics.
The esthetic dentistry had become a concerning point in modern dental practice. It is one of the major complications
in fixed prosthodontics. Color selection of a restoration or prosthesis is an important clinical procedure to harmonize
with the remaining natural dentition (Geary, Kinirons, 1999; Goodacre et al., 2003). There are two steps color
selection. Initially, the clinician selects a match color of the restoration intra-orally, then the information of selected
color is sent to the dental technician to fabricate the restoration following the selected color.

The value of L*, a*, and b* are used in the CIELAB color system to describe the color according by The
Commission International de I’Eclairage (CIE). The L* value indicates lightness, where L* = 0 yields black and L* =
100 indicates perfect white. Negative values of a* correspond to green color, while the opposing positive values
indicate red color. Similarly, negative values of b* reflect the blue color, and the opposing positive values indicate the
yellow color. This system defines the color space in approximately uniform steps of human color perception. The

CIELAB color space (color differences, or AE,.) represents approximately equally perceived shade gradations, an

ab*
arrangement that makes interpretation of color measurements more meaningful color difference can be expressed as a
single numerical value which indicates the size of the color difference but not in what way the colors are different
(Fig. 1) (Robertson, 1977). It has been reported that the observers can be expected to detect color differences of 1 unit
under standardized laboratory conditions whereas the spectrophotometer reveal 0.48 (Paul et al., 2002). The
perceptible color difference ranges from 1 in an in vitro test to 3.7 in an in vivo test, while the acceptable difference
ranges from 2.72 in an in vitro study to 6.8 in an in vivo study (Kuehni, Marcus, 1979; Johnston, Kao, 1989; Ragain,
Johnston, 2000).

Therefore, an accuracy measurement for intraoral determination of tooth color matching would be
beneficial to the dentist (Cal et al., 2004). There are two available methods to assess the color of dental restoration,
which are visual and instrumental approach. Visual color measurement is still the most common clinical approach,
however it might be negatively influenced by several factors such as type, quality of light and experience of the
clinicians (Curd et al., 2006). The different light sources will express different lights and effect the object, so the
same object will reveal different colors (Chu et al., 2010). A light source which has 5500 K color temperature is
spectrally balanced throughout the visible spectrum is ideal for color measurement (Paravina et al., 2002). Color
temperature is related to the standard black body when heated and reported in Kelvin (K) or absolute (0 K 273° C). A
light source with a color rendering index (CRI) greater than 90 is recommended for shade matching (Miller, 1994;
Sorensen, Torres, 1987). There are many commercial color-corrected ambient lighting which are proper for shade
matching for the dental operation field (Paravina, Powers, 2004). The instrumental measurements reveal color by
objective can be quantified, and resulted in instant. However, this method is not commonly used in daily clinical
practice because of high cost and limited utility (Bentley et al.,1999). This method is also useful in quantifying color
differences between specimens with a high precision of repeatability, but there is still some inaccurately (Dozic et al.,

2007).
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Nowadays, the chairside intraoral scanners can scan a patient’s dentition as an alternative to conventional
impression and communicate oral information with laboratories. They can be separated in two types. The first one is
single image camera record individual image of dentition such as the iTero, E4D and trios. The other one is video
camera for example the Lava (Fasbinder, 2013). Some of intraoral scanners are able to capture color of dentition
while scanning as well (Johnston, 2009).

Hence, the author aimed to invent an affordable white light box to control the environment and light source
to improve the color measurement by conventional visual under artificial light. It was compared to the intraoral
scanner method that use 3shape ( TRIOS 3 , Copenhagen, Denmark) at Prosthodontics Department, Faculty of
Dentistry, Khon Kaen University. Both techniques were control with Vita Easyshade” V (Vident, Brea, California,

USA). All methods were measure reliability of their technique.

White (L*=100)
A
Yellowish (b*)

Greenish (-a*) Reddish (a*)

Black (L*=0)

Figure 1 The CIELAB color space

Objectives of the study
The aims of study were to compare the difference in color parameters, the accuracy, and the reliability of
tooth shade selection under different methods, which are conventional visual under artificial light source, intraoral

scanner and spectrophotometer.

Methodology

This study was an in vitro study which was simulated clinically relevant conditions. An observer in this
study was a dentist, who was test with the Fransworth — Munsell 100 hue test to rule out inherent color deficiencies
and had accuracy and validity in tooth color selection by using examination test. The tooth color measurement was
done in three techniques: conventional visual under artificial light source, intraoral scanner and spectrophotometer.
The processes were as follows:

Specimen preparation

The experimental shade model was fabricated by placing ten shade tabs (1M2, 2L1.5, 2M2, 2R1.5, 3L1.5,
3M2, 3R1.5, 4L1.5, 4M2 and 4R1.5) from the Vitapan 3D master shade guide on a gingiva silicone model as one by
one into the middle blank, the left and right teeth were same tooth color shade tab from others shade guide as shown
in figure 2. All the shade tabs were cleaned with an ultrasonic cleaner for 15 minutes. The gingiva model was mount

on black cardboard. The experimental shade tabs were blinded in the alphabet from A to J.
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Figure 2 The experimental shade model which simulated clinically relevant conditions.

Another full set of shade tabs from Vitapan 3D master shade guide as shown in figure 3 (Vita Zahnfabrik,
Bad Sackingen, Germany) were cleaned with an ultrasonic cleaner for 15 minutes before experiment then converted

to L* a* b* by spectrophotometer and recorded the data for creating the color library.

Figure 3 The Vitapan 3D master shade guide.

Conventional visual under artificial light source method

All specimens were set vertically at the eye level in the white light box (Fig. 4) with neutral grey walls and
aring flash (Aputure®, Amaran Inc, China) was mounted inside cover box. The lamp was recommended to use in 20 -
centimeter distance from the specimen (Pizzamiglio, 1991). The light temperature was selected at 5500 K which is a
suitable light for tooth color matching and CRI more than 95 which was test with light measurement instruments (CL-
500A, Konica Minolta, Inc., Japan). The another set of Vitapan 3D master shade guide was used for matching the
color to the middle tab in the gingival model. While selecting the color, place the selected shade tab besides the
middle tab (Fig.5). The observer was given to select the shade of each specimen in three minutes at the center of
tooth (Miller, 1994). To avoid eye fatigue, the study was designed to give a five-minute break after one shade
selection procedure and a 20 minute break after every four selection procedures. A separated shade guide was used
with each test specimen or person, and replaced shade tabs in the shade guide’s holder after completed shade
measurement (Alshiddi, Richards, 2015). The measurement data was recorded by using shade tab code number, then
converted data to L*, a*, b* value by using the color library of each shade tab which was done in specimen

preparation method.

A B

Figure 4 The internal of White light box (A), the external of White light box (B).
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Figure 5 The tooth color measurement by visual method in the White light box.

Intraoral scanner method

The 3Shape intraoral scanner (TRIOS 3, Copenhagen, Denmark) (fig. 6) was used to scan on the shade tab
for creating 3D image by scanning from incisal to buccal surface of the shade tab. All of shade tabs were placed on a
background for preventing the possibility of visual disruption. The intraoral scanner was calibrated in every after ten
scanning times. The shade tab colors were recorded in three times per one specimen immediately at middle one third
of the tooth. The data was converted to the L*, a*, b* by using L*a*b* library and averaged L*, a*, b* value.

Figure 6 The 3Shape cart is used in tooth color measure.

The spectrophotometer method

Vita Easyshade is a portable clinical spectrophotometer (Vita Easyshade® V, Vident, Brea, California, USA)
which used to identify the tooth shade (Fig.7). The probe tip of spectrophotometer was held 90° to contact the middle
one third of the tooth for measuring the color of shade tabs. The measurement of this method was repeated three
times per each shade tab and recorded to averaged L*, a*, b*. The device was recalibrated in every after ten scanning

times.

Figure 7 The Vita Easyshade® V.
Descriptive statistic demonstrated median and interquartile range of L*, a*, b* which collected from three different

technique. The color difference (AE) were compared between conventional visual under artificial light source and

spectrophotometer, and intraoral scanner and spectrophotometer using the equation as follow (Robertson, 1977) :

670



\ th ol 1S = e e = ' -k 2
‘19 NGRC mMsUs:uuIBINSIduDWavIu3vgs:QuUUTUNOANWILHYBIEA ASVN 19 MM02'6

\ ¥/ March 9 2018 3ufl 9 DA 2561 fu UKASNENSEUBULAU

AE;, =, = 17 + (@ — ap)* + (0 — b))?
V' is a conventional visual method. This data will change if use a deference device.
S is spectrophotometer.
All data were used statistical analysis program (SPSS 20.0, SPSS, Munich, Germany). Analytical statistic were
compared median of the descriptive data by using Kruskal — Wallis statistic which was set significant level at P < 0.05.

Moreover, Spearman Rank correlation were used to determine accuracy and reliability of each parameter.

Results

The median and interquartile range of the L* of conventional visual under artificial light source, intraoral
scanner and spectrophotometer methods were 72.4749.52, 74.21£9.91 and 72.54+9.81, respectively. The a* were
1.714£2.10, 1.54+1.81 and 1.94+2.10, respectively and the b* were 17.13£5.09, 19.69+5.96 and 17.18+2.63,
respectively as shown in table 1. The data was abnormal distribution, the Kruskal-Wallis statistic was used and
analysis revealed no significant differences in L*, a* and *b from different color measurement methods (p>0.05) as
shown in figure 8-10.

The highest AE value among the three methods is AE the between conventional visual under artificial light source
and spectrophotometer methods that measured on 4L1.5 shade (8.65) at first time measurement. The lowest AE values is
conventional visual and spectrophotometer methods at second time on 1M2 shade (0.48) as shown in table 2.

The analysis of L*, a* and b* in the conventional visual and intraoral scanner methods were strongly positive
correlated with the spectrophotometer method (Spearman Rank’s correlationr; = 1,1, =0.93,1,,=0.78, 1, =0.95,1,=0.72, 1,
=10.92, p< 0.05) as shown in table 3. The reliability of L* value in the conventional visual under artificial light source is 0.97,
intraoral scanner is 0.91 and spectrophotometer is 0.98. The a* are 0.88, 0.96 and 1, respectively. The b* are 0.82, 0.57 and

0.90, respectively as shown in table 4.

Table 1 Descriptive of color values in by three methods

Color values Technique N Median | Interquartile Range | Minimum Maximum
Visual 10 72.47 9.56 68.35 81.90
L Intraoral scanner 10 74.21 9.91 68.17 82.60
Spectrophotometer 10 72.54 9.81 67.70 83.19
Visual 10 1.71 2.10 0.17 3.70
a Intraoral scanner 10 1.54 1.81 0.13 2.58
Spectrophotometer 10 1.94 2.10 0.07 4.0
Visual 10 17.13 5.09 14.37 23.97
b Intraoral scanner 10 19.69 5.96 16.38 27.23
Spectrophotometer 10 17.18 2.63 15.10 24.20
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Table 2 CIELAB color differences (AE) between conventional visual under artificial light source and

spectrophotometer, intraoral scanner and spectrophotometer.

Shade tab VSl1 VS2 IS1 IS2
IM2 7.51 0.48 0.82 0.48
2L1.5 2.92 1.88 2.34 0.61
2M2 0.68 1.6 8.07 1.77
2R1.5 0.71 0.7 1.84 1.16
3L1.5 0.40 0.63 3.13 1.91
3IM2 1.12 1.02 5.19 6.43
4L1.5 8.65 1.08 2.61 5.62
4M2 0.49 0.55 3.55 3.41
4R1.5 0.95 0.91 6.83 6.81

VS1: AE between conventional visual and spectrophotometer in first test.
VS2:AE between conventional visual and spectrophotometer in second test.
IS1: AE between intraoral scanner and conventional visual in first test,

182: A\E between intraoral scanner and conventional visual in second test.

Table 3 Spearman correlation of validity of L*, a*, b by visual under artificial light source and intraoral scanner.

Correlation coefficient p-value

L* value in visual L* value in spectrophotometer 1.00 <0.001*
a* value in visual a* value in spectrophotometer 0.93 0.001*
b* value in visual b* value in spectrophotometer 0.78 0.170
L* value in intraoral L* value in spectrophotometer 0.95 0.002*
a* value in intraoral a* value in spectrophotometer 0.72 0.002*
b* value in intraoral b* value in spectrophotometer 0.92 0316

*Statistical significant at P-value < .005

Table 4 Spearman correlation of reliability of L*, a*, b* values between visual under artificial light source, intraoral

scanner and spectrophotometer.

First test Second test Correlation coefficient p-value
L* value in visual L* value in visual 0.97 <0.001*
L* value in intraoral scanner L* value in intraoral scanner 0.91 <0.001*
L* value in spectrophotometer L* value in spectrophotometer 0.98 <0.001*
a* value in visual in a* value in visual in 0.88 0.001*
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Table 4 Spearman correlation of reliability of L*, a*, b* values between visual under artificial light source, intraoral

scanner and spectrophotometer. (Cont.)

First test

Second test

Correlation coefficient

p-value

a* value in intraoral scanner

a* value in intraoral scanner

0.96

<0.001%*

a* value in spectrophotometer

a* value in spectrophotometer

1.00

<0.001*

b* value in visual

b* value in visual

0.82

0.004*

b* value in intraoral scanner

b* value in intraoral scanner

0.57

0.089

b* value in spectrophotometer

b* value in spectrophotometer

0.90

<0.001*

*Statistical significant at P-value < .005
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Figure 8 The L* was analyzed by the Kruskal — wallis statistic in three methods (p-value = 0.95).
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Figure 9 The a* was analyzed by the Kruskal — wallis statistic in three methods (p-value = 0.73).
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Figure 10 The b* was analyzed by the Kruskal — wallis statistic in three methods (p-value = 0.15).

Discussion

This study evaluated the accuracy, repeatability and linear relationship of the conventional visual under
artificial light source, intraoral scanner and spectrophotometer method by measuring the L*a*b* of ten shade guide
tabs. Since there were no standardized methods to evaluate the shade-detecting function of conventional visual under
artificial light source and intraoral scanner measurement, the color value from these two methods were converted to
L*a*b* by using the spectrophotometer, the spectrophotometer converted all the shades in Vita 3D master. There was
high degree of correlation among three methods. Whereas the color differences (AE) of shade tabs in each
measurement varied from 0.48 to 8.65. The AE between conventional visual under artificial light source and
spectrophotometer was lower than 1. Moreover, AE of conventional visual method was lower than that of intraoral
scanner. However, the highest AE was revealed in the conventional visual under artificial light source method.

Previous study showed an excellent repeatability, both for the clinical spectrophotometer (Easy shade” V)
and the laboratory spectrophotometer (PSD1000) (Corciolani, Vichi, 2006). The L *, a* and b* of visual and intraoral
scanner measurement method in this study showed strong accuracy comparing to the Easy shade” V which acts as
control. Likewise, the validation test demonstrated no significant differences among the new Trios color system, the
conventional visual method and the MHT Spectro Shade™ spectrophotometric systems (Gotfredsen et al., 2015).
Although the intraoral scanner showed good accuracy of measurement, it still required advances in color image
acquisition and data processing of the digital scanner to become a reliable method for shade selection in dentistry
(Cal, et al., 2006). From this study showed no statistical difference among three methods, due to the controlled
environment using white light box; that provided CRI more than 90 and color temperature at 5500 K. Not only the
environment could be controlled, but also the observer who had no visual color deficiency and was experienced and
was capable in color matching. During the color matching procedure, the period of color matching was limited within

three minutes and also provided relaxation time in order to prevent the eye fatigue. Moreover, this experiment was

674



\ th ol 1S = e e = ' -k 2
‘19 NGRC mMsUs:uuIBINSIduDWavIu3vgs:QuUUTUNOANWILHYBIEA ASVN 19 MMOZ'lO

\ ¥/ March 9 2018 3ufl 9 DA 2561 fu UKASNENSEUBULAU

done by only one observer so that among the angle and position of equipment was maintained for repeatable
measurements.

This study showed a high repeatability among three color measurement methods except the b* value of
intraoral scanner, it was slightly lower than that of other methods. Despite the fact that, the spectrophotometer was
aligned in parallel and closed contact to the labial surface of each tab; however, an intraoral scanner captured the
entire labial surface from multiple angles, but a colorimeter measures the color directly from small regions in the
individual teeth. The scanning tip of an intraoral scanner was also different from the standardized sizes of industrial
shade-detecting devices and the measuring tip of spectrophotometers. Entire tooth surface measurement devices
provide a detailed color map of the gingival, body, and incisal regions as well as an average shade value (Yoon et al.,
2016).

In real clinical situation, the conventional visual under artificial light source may have the unpredictable
accuracy and reliability due to the surrounding light was not well-controlled in CRI and color temperature. Moreover
the observer may not rely on the color matching protocol, for example, the eye level of observer should be the same
as the level of the measured specimen, the observer should stare on the specimen within limited period to prevent eye
fatigue. One should select the color treating in that visit and should be qualified by visual color deficiency test.
Additionally, one must follow the instruction of using Vita 3D master shade guide. By the way, the patient should be
advised to provide the appropriate environment by shedding the lipstick. However, this study was an in vitro
experimental study, the exact clinical situation cannot be stimulated. Hence, it needs further clinical study to claim

the capacity of each color matching approach.

Conclusion

It can be concluded that the color measurements obtained by the conventional visual under artificial light
source and intraoral scanner were corresponded with spectrophotometer measurement, regarding L*, a* and b*. This
finding proved the color matching capability of the intraoral scanner. However, the conventional visual is still
effective method within controlled environment and trained observer. The innovated white light box is an affordable
tool for color selection which had high reliability in controlling the environment. It would provide more practical and

consistent tooth color measurement method in clinics and to transmit this information to dental laboratories.
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