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Abstract:
Submitted: 10 September Objective(s): Accurate shade selection is the most challenging step in the natural reconstruction of teeth in most
2024 cases. The most commonly used method for adapting the color of tooth and restorative materials is the visual

matching of the tooth color to shade guides. However, many factors affect color perception by the observer, making
the visual evaluation of tooth color unreliable. Therefore, this study aimed to compare the reproducibility of tooth
shade determination with two different types of spectrophotometers and two smartphone applications. Methods:
The present in vitro study used four methods of colorimetry on 27 disk-shaped composite resin samples prepared
from nine different shades of composite resin. Colorimetry tools included Easyshade (Vita, Germany) and SP60 (X-
rite, USA) colorimetry devices, and two smartphone colorimetry applications: Color Grab and Dental Shade
Navigator. Statistical analysis was performed using intraclass correlation coefficient (ICC) and repeated measures
ANOVA at p<0.05. Results: The results indicated significant differences(P-value<0.05) among the four colorimetry
methods, with the following reproducibility rates based on the AE parameter: SP60 spectrophotometer: 100%;
Color Grab Software: 95.1%; Easyshade spectrophotometer: 40.7%; and Dental Shade Navigator Software: 34.4%.
Conclusion: The SP60 spectrophotometer had the highest reproducibility in all the color parameters, followed by
the Color Grab application. Easyshade device had a higher reproducibility rate than the Dental Shade Navigator
Software.
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Introduction

An essential factor for the success of aesthetic restorative
treatments is the accurate evaluation and determination
of tooth color, along with an understanding of the unique
optical properties of the tooth. This understanding
enhances the consistency and reliability of tooth shade
selection in dentistry.* Despite advancements in tooth
shade selection methods, its accurate selection is still a
challenge that affects esthetic outcomes. In addition, a
precise color match between the restoration and the
adjacent tooth is challenging in clinical dentistry. An
esthetic restoration depends on its design, morphology,
topography, translucency, and proper shade. However,
from patients’ viewpoints, the color match of the tooth
with adjacent teeth has the most crucial role in smile
esthetics.>®

The most common method to match the tooth and
restorative materials’ shade is the visual comparing of
tooth color with standard dental shade guides. One of the
inherent features of tooth shade selection using this
method is the variability in the selection made by an
observer and between observers, which is affected by the
human observer’s ability to select the best and most
harmonious shade due to the individual-oriented nature of

the procedure.®!? The limitations of the visual tooth shade
selection procedure have led to research on more
accurate, compatible, and scientific methods for shade
match, resulting in the use of automatic and objective tools
for determining the tooth shade. Tooth shade selection
using an instrument is superior to the visual method due
to its objectivity. A growing number of computerized shade
match tools have become available for clinical use,
including colorimeters, spectrophotometers, digital color
analyzers, or a combination of these tools.'> 14

Borse et al.’® analyzed the shade selection process in
They reported that the VES
spectrophotometer had the highest accuracy, reliability,

dental prostheses.
and reproducibility, followed by colorimetry with the
photography method. The Vita 3D Master Shade selection
guide has shown consistent results in repeated shade
selection. Knowledge and training protocols are necessary
for shade selection to achieve a correct color match. Reyes
et al. 6 evaluated the reproducibility of shade selection by
the human eye compared to an intraoral scanner by
comparing the conventional visual method with an
intraoral scanner (3Shape TRIOS) to match tooth shade in
patients, and concluded that the TRIOS intraoral scanner
had better reproducibility than the visual method
matching the tooth shade. Tabatabaian et al. studied the
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visual and digital shade selection processes and the factors
and conditions affecting their accuracy. They reported that
dental spectrophotometers were the most accurate
among different tooth shade selection methods. However,
they mentioned needing clinical adjustments to control the
relevant factors and conditions to improve their
performance.’®> On the other hand, Abu-Hossin et al.
compared the visual shade selection method with digital
methods, evaluated the reproducibility of intraoral
scanners, and concluded that intraoral scanners could
improve clinical performance as a supplementary method.
However, they mentioned that the visual method should
confirm the results. Digital tools are increasingly preferred
to conventional methods; however, intraoral scanners
should be continuously improved for the shade selection
process.'*

17

Hardan et al. evaluated innovations in tooth shade

selection procedures using different methods and
that digital

spectrophotometric measurements resulted in less color

concluded photography and
mismatch and incorrect shade match than conventional
methods using shade selection tabs. Previous research
indicates that color matching with different tools can lead
to significantly different results, and each device or tool
has specific limitations.'®

Moreover, advancements in technology and the growing
popularity of smartphones have led to healthcare

providers' increased use of this tool. Considering their
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CPU
capacity, various applicability, diverse software programs,

capabilities, including independent calculation
wireless connection, and high-quality imaging technology,
tooth shade matching with software programs installed on
smartphones has been more straightforward and cheaper
than other methods.'”!® Therefore, it is necessary to
compare and evaluate the capability of shade match tools
and software programs. The present study was designed to
compare the reproducibility of Easyshade (Vita, Germany)
and SP60 (X-rite, USA) colorimeters and two smartphone
colorimetry applications; Color Grab and Dental Shade
Navigator.

The null hypothesis was that the Easyshade and SP60
colorimeters, as well as the Color Grab and Dental Shade
Navigator smartphone applications, all have the same level

of reproducibility.
Methods

The protocol for this study was approved by the Ethics
Committee of Tehran University of Medical Sciences under
IR.TUMS.DENTISTRY.REC.1401.023,
requirements

the code and all

were met. Twenty-seven disk-shaped
composite resin samples, 14 mm in diameter and 1 mm in
thickness, were fabricated from different color shades of
DenFil hybrid composite resin (Vericom, Korea) (Figure 1,

Table 1).

\—/

Figure 1: A composite resin disk-shaped sample.

Table 1 - The characteristics of the composite resin used in the present study
Material Material type Composition Shade Number of
samples
1 Al 3
2 A2 3
3 - Barium aluminosilicate A3 3
4 - Fumed silica A3.5 3
5 DenFil hybrid Composite resin - Bis-GMA Bl 3
6 - Triethyloneglycol B2 3
7 dimethacrylate c2 3
8 C3 3
9 D3 3
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A laser cutting instrument was used to create cylindrical
holes measuring 14 mm in diameter in a Plexiglass mold
plate with a thickness of 1 mm. Two glass slabs were placed
under and over the mold containing composite resin, and
each sample was placed under a 5-kg weight for 30
seconds to ensure sample uniformity and eliminate voids.
All the samples were light-cured from both sides of the
glass slabs with similar duration and light intensity by using
an LED light curing unit (850mW/cm2, woodpecker, Guang
Dong, China) in 20 seconds. Then, to complete dark
polymerization, the disk samples were stored in distilled
water for 24 hours and then polished to achieve a uniform,
smooth surface.?®

The samples were categorized into nine subgroups based
on the composite resin shade used: Al, A2, A3, A3.5, B1,
B2, C2, C3, and D3. In each group, three disk-shaped
samples were prepared with a similar shade. Each sample
underwent a colorimetry procedure three times using the
four tools: Easyshade (Vita, Germany) and SP60 (X-rite,
USA) colorimeters and Color Grab and Dental Shade
Navigator smartphone software programs. A white piece
of paper was placed under each composite resin sample to
prevent the effect of background color during the
colorimetry procedure. In addition, to prevent the impact
of environmental light on the recorded numeric values, all
measurements were performed under identical daylight
conditions on the same day by a single operator, focusing
on the central part of each composite resin sample.?®

For colorimetry with the Easyshade spectrophotometer
(Vita, Germany), the tip of the calibrated device was placed
parallel but not in contact with the sample surface.
Without any movement, the device’s measuring button
was pressed to carry out the colorimetry procedure at the
center of the composite resin sample surface. Before each
colorimetry procedure, the SP60 device was calibrated.
Then, each sample was placed at the center of the device’s
target window, a white piece of paper was placed beneath
the device, and the settings were ready for the colorimetry
procedure of the samples. The results of these two devices
were recorded using the CIELab color system.?!

For smartphone colorimetry, a standard 8-cm distance was
observed for standard smile capture, and the phone was
adjusted parallel to each composite resin sample. Both
software programs used in the present study could
automatically use the smartphone’s camera. Therefore,
the photographs were taken automatically using the
default conditions of each software. In addition, both
software programs could register the results of colorimetry
procedures based on the CIELab color system.
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With the Color Grab software, the indicator's central circle
at the center of the smartphone screen should be fixed on
the object for 3 seconds until a blue tick mark, indicating
the registration of the color, appears on the screen.??

The Dental Shade Navigator software has more specifically
been designed for dental purposes. The relevant
restoration type should be selected first to work with this
software. In the present study, the ‘veneer’ option was
selected. Then, the single shade option was selected in the
clinical approach; then, for the ‘estimated restoration
thickness,” 1 mm was selected since the disk-shaped
composite resin samples were 1 mm. After taking a picture
of the composite resin sample on a white piece of paper,
an indicator called ‘grey pixel’ was selected for the
colorimetry of the sample so that the software could adjust
the picture’s luminescence automatically based on the
color beneath this indicator. In the present study, the ‘grey
pixel’ was adjusted at a distance of 5 ¢cm from the
composite resin disk border, its location was marked, and
the disk location on the paper was determined for
uniformity. After selecting the ‘grey pixel,” the ‘tooth pixel’
was selected. This indicator determines a point on the
sample for colorimetry, which was located at the center of
the composite resin disk.

All the achieved values were analyzed to evaluate the
reproducibility of all the devices and software programs.?®
The statistical analysis was conducted using IBM SPSS
Statistics, version 24. The intraclass correlation coefficient
(ICC) was calculated to evaluate the reproducibility of
measurements. Additionally, repeated measures ANOVA
was employed to compare the measurements obtained
from different tools, accounting for within-subject
correlations due to repeated measurements on the same
samples. The level of significance was set at 0.05.

Results

The present study compared the reproducibility of four
tooth colorimetry methods using the ICC test.
Perceptibility threshold (PT) and Acceptability threshold
(AT) of AE are shown in Table 2.

Table 2 - Perceptibility threshold (PT) and Acceptability
threshold (AT) of AE

The minimum color change

Perceptibility

threshold (PT) that an observer can perceive AE=1.2
Half of the observers can
- perceive the difference in
Acceptability color between the two AE=2.7

threshold (AT) samples, and the other half

cannot perceive it
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Three color difference patterns are defined in the CIELab
system based on AE between two tooth samples or tooth-
colored materials:

a. Excellent match: two samples with AE<PT (AE<1.2)

b. Acceptable match: two samples with AE between the
two values of PT and AT (1.2<AE<2.7)

c. No match: two samples with AE>AT (AE>2.7).

According to Paravina et al., the CIEDE2000 formula (AE0O)
establishes key thresholds for color differences in dentistry
50:50%
perceptibility threshold (PT), defined as the smallest color
difference that 50% of observers can perceive, was

under simulated clinical conditions. The

determined to be 0.8, indicating minimal color differences
detectable by the human eye. The 50:50% acceptability
(acceptable), respectively (Table 3).
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threshold (AT), representing the maximum color difference
considered clinically acceptable by 50% of observers, was
1.8. These thresholds are critical for ensuring high
standards in dental aesthetics, as PT helps gauge the
sensitivity of human vision. At the same time, AT defines
the limits of clinically acceptable variations in restorative
materials. Together, these benchmarks support quality
control, guiding clinicians in evaluating materials and
ensuring aesthetic outcomes that meet professional and
patient expectations.?

Tables 3 present the AE parameter for measurements
first—-second, second—third, and first-third with SP60 and
Easyshade spectrophotometers, with AE values of these
measurements at 100% (excellent) and 40%

Table 3 - The color matches of the first, second, and third measurements of the samples using
1,2 2,3 1,3 Mean Percentage
the SPGO0 AE>2.7 0 0 0 0 0
s ectroehotometer 1.2<AE<2.7 0 0 0 0 0
pectrop AE<1.2 27 27 27 27 27
£ had AE>2.7 15 16 17 16 59.3
asyshade 1.2<0E<2.7 6 7 5 6 222
spectrophotometer
AE<1.2 6 4 5 5 18.5
the Color Grab AE>2.7 2 0 2 1.3 4.8
e tolor bra 1.2<0E<2.7 9 11 7 9 333
application
AE<1.2 16 16 18 16.7 61.8
AE>2.7 18 17 18 17.7 65.6
't\lh:/iD ‘;:;f'(sohsa"j\le) 1.2<AE<2.7 2 5 5 4 14.8
& > AE<1.2 7 5 4 5.3 19.6

Table 3 present the AE parameters for color measurements
made by the Color Grab and Dental Shade Navigator
Smartphone applications. The results ranged from 95.1%
to 34.4%, from excellent to acceptable.

Intraclass correlation coefficient (ICC) was used to
determine the intra-group reproducibility in shade
selection procedures using the four shad selection tools

evaluated in the present study at a 95% confidence
interval.

A comparison of the measures of a, b, and L parameters
between the first, second, and third shade selection
procedures with each tool (Table 4) showed that the
reproducibility of the two smartphone applications was
almost similar to that of the Easyshade. The reproducibility
of the SP60 was superior to the others.

Table 4 - The results of the ICC for the L parameter
Material Intraclass correlation
L1, L2 L2, L3 L1,L3
SP60 Single Measures 0.999? 0.999? 1.0002
Average Measures 0.999? 1.000¢ 1.000¢
Single Measures 1.000¢ 0.9322 0.9542
Easyshade
Average Measures 0.9322 0.965¢ 0.977¢
Single Measures 0.965°¢ 0.950? 0.9872
Color Grab
Average Measures 0.9502 0.974¢ 0.993¢
DS Single Measures 0.974¢ 0.925? 0.958?
o Average Measures 0.925? 0.961¢ 0.978¢
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The repeated measures ANOVA revealed significant
differences in the mean AE between the first, second, and
third colorimetry procedures and between each sample's
first and third colorimetry procedures for each tool. The
repeated measures analysis revealed a statistically
significant effect of AE across measurement sessions, as
evidenced by the multivariate tests: Pillai's Trace (0.978),
Wilks' Lambda (0.022), Hotelling's Trace (45.109), and

Roy's Largest Root (45.109), all with F (2, 106) = 177.3 and

Marzieh Rohaninasab, et al.

p < 0.001. These results indicate strong and consistent
differences in AE between sessions (Table 5). However,
Mauchly's Test of Sphericity (W = 0.776, p < 0.001)
indicated a violation of the sphericity assumption,
necessitating adjustments using Greenhouse-Geisser (g =
0.817), Huynh-Feldt (e = 0.817), and Lower-bound (€ = 0.5)
corrections, which ensured the validity of the findings
(Table 6).

Table 5 - Multivariate Tests for AE Across Repeated Measures
Effect Value F Hypothesis df Error df p-value
AE

Pillai's Trace 0.978 177.3 2 106 <0.001

Wilks' Lambda 0.022 177.3 2 106 <0.001

Hotelling's Trace 45.109 177.3 2 106 <0.001

Roy's Largest Root 45.109 177.3 2 106 <0.001

Table 6 - Mauchly's Test of Sphericity for AE
Within Approx. Epsilon Epsilon Epsilon
Subiects Effect Mauchly's W Chi- df p-value (Greenhouse- (Huynh- (Lower-
) Square Geisser) Feldt) bound)
AE 0.776 199.312 2 <0.001 0.817 0.817 0.5

The tests of within-subjects effects confirmed significant

mean differences in AE across sessions under all

conditions: Sphericity Assumed, Greenhouse-Geisser,
Huynh-Feldt, and Lower-bound, with F-values consistently
at 255.069 and p < 0.001 (Table 7). Furthermore, within-
subjects contrasts revealed a significant linear trend (F(1,
106) = 341.735, p < 0.001), indicating a progressive change
in AE across measurements, alongside a significant
quadratic trend (F(1, 106) = 127.369, p < 0.001), suggesting
variability and a possible curvilinear relationship in AE

patterns (Table 8).

The findings demonstrated statistically significant and
interpretable differences in AE across measurement
The observed

sessions. linear and quadratic trends

highlighted variability in reproducibility, which was
probably influenced by the specific tools used. These
results support the hypothesis that spectrophotometers
and smartphone applications differ in reproducibility when

comparing AE values across multiple sessions.

Table 7 - Tests of Within-Subjects Effects for AE
Source Type Il Sum of df Mean Square F p-value
Squares
AE 71740.62 2 35870.31 255.069 <0.001
Greenhouse-Geisser 71740.62 1.634 43900.8 255.069 <0.001
Huynh-Feldt 71740.62 1.634 43892.93 255.069 <0.001
Lower-bound 71740.62 1 71740.62 255.069 <0.001
Error(AE)
Sphericity Assumed 2211.256 106 20.867
Greenhouse-Geisser 2211.256 86.832 25.47
Huynh-Feldt 2211.256 86.92 25.426
Lower-bound 2211.256 53 41.721
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Table 8 - Tests of Within-Subjects Contrasts for AE (Linear and Quadratic Trends)
Source Type 1l Sum df Mean F p-value
of Squares Square

AE Linear 70796.94 1 70796.94 341.735 0
Quadratic 943.684 1 943.684 127.369 0
Error( AE)

Linear 1628.76 106 15.369
Quadratic 582.496 106 5.494

Discussion

The present study determined and compared the
reproducibility of two colorimetry tools, Easyshade (Vita,
Germany) and SP60 (X-rite, USA), and two smartphone
colorimetry applications, Color Grab and Dental Shade
Navigator. The results showed significant differences in the
reproducibility of shade selection tools, indicating
differences in their value. SP60 tool exhibited the highest
reproducibility rate, followed by the Color Grab
smartphone application. The Easyshade tool and the
Dental Shade Navigator application had the lowest
reproducibility. The results of the present study are
comparable to similar previous studies; however, most
previous studies have compared spectrophotometers, and
only a limited number of them evaluated smartphone
applications used for tooth shade selection procedures.
The most common method to match the tooth color with
dental materials is visually comparing tooth shades with
standard dental shade guides. When selecting shades in
the clinic, several factors come into play. These include the
physiological and psychological states of the operator, the
use of certain medications, eye fatigue, and environmental
lighting. All of these elements are crucial in achieving
optimal results.’® Technological advances and digital tools
have decreased operator-related limitations for visual
shade-matching procedures. Some studies have indicated
that using digital and computerized tools for shade
selection may be precise; however, they are unreliable and
may not reflect the patient's opinion.?> 26

Hampé-Kautz et al.?” showed that, generally, irrespective
of the background color, Easyshade achieved higher values
for all the color parameters than SP60. This outcome
differs from the present study and might be attributed to
the light gray color used as the background color. In
contrast, in the present study, white was the selected
background color. Notably, the SP60 spectrophotometer
has no specialized application in dentistry, and its use in
the clinic will be challenging due to the device’s large
volume and heavy weight and the difficulty in adjusting the
tooth surface to the target window. In addition, the

spectrophotometer evaluates a relatively large surface
area for colorimetry (a circle with a diameter of 10 mm)
and reports one shade for this large surface. The color of
teeth varies at different points on their surfaces, and the
surfaces themselves are not perfectly smooth. As a result,
even a slight change in the angle between the device and
the tooth surface can lead to inaccuracies in the light rays
reflected from the tooth that reach the device’s sensors.
Thus, ensuring the accuracy and reproducibility of this
method poses challenges in clinical applications.?® 2°

Sala et al. 3° reported a reproducibility rate of 0.928 for the
L* color parameter using the Easyshade
spectrophotometer based on the ICC test. These results
are almost consistent with the present study's findings,
which used the same test. The ICC test results for the color
parameters of a and b in the present study were slightly
higher than those reported by Panagiotis et al., which may
be attributed to the comparisons of the Easyshade
spectrophotometer with the ShadeEye NCC device in that
study.3! In a study by Sarafianou et al.3?, the reproducibility
results for the Easyshade device were reported as
moderate to high. This is questionable because the device
was used under a daylight lightbulb in their study, and the
achieved values showed that this device did not have high

reproducibility. This is consistent with the present study.33

Some previous investigations with contrasting results to
the present study include: Kim-Pusateri et al.3* with a
reproducibility rate of 96% for Easyshade, Hampé-Kautz et
al.¥ who introduced Easyshade as the best tool for
colorimetry in terms of reproducibility, Hampé-Kautz et
al.3® with a reproducibility rate of >87% for Easyshade, and
Sirintawat et al. These contrasts may be attributed to
differences in study methods. In addition, according to a
study by Tsiliagkou et al. 3, one of the reasons for the low
reproducibility of the Easyshade device is its manual
mechanism and a lack of stability and fixation during the
study. In the present study, this device was used manually.
It should be noted that the manual use of this tool will
more closely reproduce clinical conditions.3% 3°
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In a study by Navneet et al. 4, the smartphone application
reliability than the
Easyshade device for tooth colorimetry. In addition,

Chrommatcher exhibited less
Sirintawat et al. * reported almost similar reproducibility
of colorimetry after analyzing images taken by a
smartphone and the Easyshade device. Since
reproducibility rates between the two smartphone
applications were different in the present study, it may be
concluded that a general statement cannot be made about
all the smartphone colorimetry applications. However, it
can be argued that smartphone applications such as Color
Grab (as shown in the present study) can be superior to
commonly used spectrophotometers such as Easyshade.
However, further studies are necessary for more definitive
conclusions in this respect.?? 43

Studies by Jarad et al.** and Tam et al.*® showed that digital
cameras could be reliable tools for tooth colorimetry, that
could be justified considering the year these studies were
done, when high-quality cameras were not available in
smartphones, and the current significant advancements in
smartphone cameras. Furthermore, studies by Jorquera et
al.*® reported no significant difference in tooth colorimetry
values between new generations of smartphones and
digital
smartphones could be used for shade selection if proper

cameras, and Tam et al.*® reported that
calculations are used, even without changing their default
conditions. Therefore, the results of the present study
about smartphone applications are consistent with the
above studies regarding the reproducibility of the Color
Grab software that can be used in smartphones.*” 4

Mohammadi et al.® reported reproducibility rates of

98.88%, 100%, and 63.3% for Adobe Photoshop,
Chrommatcher, and DTSR software programs,
respectively, at a moderate to high level. The

reproducibility of Color Grab software and Adobe
Photoshop software, that are not designed for tooth
colorimetry, were at an excellent level. In addition, the
tooth colorimetry software Dental Shade Navigator
exhibited lower reproducibility, indicating that colorimetry
in dentistry is not as developed as digital photography and
design, and the specialized software programs for tooth
colorimetry have lower accuracy and efficacy than other
colorimetry software programs. On the other hand,
despite the advantages of general colorimetry software
programs in terms of accuracy and accurate expression of
color parameters in commonly used color systems, these
pieces of software do not have the potential to show color
in the commonly used color system in dentistry (such as
the Vita Classic color system). This leads to difficulty for
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dental practitioners in using these programs. Therefore,
there is still a software deficiency for accurate and efficient
tooth colorimetry with smartphones.®

Conclusion

Shade determination is of utmost importance in tooth
restorations to achieve esthetic outcomes. In the present
study, comparisons of the samples' AE, a*, b*, and L*
variables with four colorimetry tools showed that the SP60
exhibited  significantly  higher
reproducibility for all these variables. Evaluation of AE

spectrophotometer

showed that the smartphone Color Grab application had
higher reproducibility among the three other tools, and the
Easyshade device had better reproducibility than the
Dental Shade Navigator. Considering the limitations of the
PS60 device in clinical applications, the smartphone Color
Grab application is a better tool for tooth colorimetry
reproducibility. The current study's findings indicated
significant differences in the reproducibility of colorimetry
devices, highlighting varying values and importance.
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