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ABSTRACT

Objectives: This study assessed the reliability of digital color measurements using images of
resin composite specimens captured with a cellphone.

Materials and Methods: The reference color of cylindrical specimens built-up with the use of
resin composite (shades Al, A2, A3, and A4) was measured with a portable spectrophotometer
(CIELab). Images of the specimens were obtained individually or pairwise (compared shades
in the same photograph) under standardized parameters. The color of the specimens was
measured in the images using RGB system and converted to CIELab system using image
processing software. Whiteness index (WI,,) and color differences (AE,) were calculated for
each color measurement method. For the cellphone, the AE, was calculated between the pairs
of shades in separate images and in the same image. Data were analyzed using 2-way repeated-
measures analysis of variance (o = 0.05). Linear regression models were used to predict the
reference AE, values of those calculated using color measured in the images.

Results: Images captured with the cellphone resulted in different W1, values from the
spectrophotometer only for shades A3 and A4. No difference to the reference AEq, was
observed when individual images were used. In general, a similar ranking of AE,, among
resin composite shades was observed for all methods. Stronger correlation coefficients with
the reference AE,, were observed using individual than pairwise images.

Conclusions: This study showed that the use of cellphone images to measure the color
difference seems to be a feasible alternative providing outcomes similar to those obtained
with the spectrophotometer.

Keywords: Color; Composite resins; Dental esthetic; Photography, dental; Spectrophotometry

INTRODUCTION

Contemporary esthetic dentistry relies on a proper color match between the tooth structure
and restorative material and achieving significant color improvement with clinical procedures
such as tooth bleaching [1,2]. Therefore, several laboratories and clinical studies involving
color in dentistry require reliable methods for color measurement. Methods based on the
color match with shade tabs using color shade guides (i.e., Vita Classical, Vita-Zahnfabrik,
Bad Sickingen, Germany) have been used in some clinical trials [3-5]. However, the reliability
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spectrophotometers allows color to be determined numerically, in addition to evaluating

the direction of some color differences (i.e., increased yellowness) [14,15]. Several different
color systems have been developed by the Commission Internationale de L'Eclairage (CIE),
and the Lab system is the most frequently used in studies involving color measurement in
dentistry [16,17]. This system is based on the lightness (coordinate L*) and the chromaticity
coordinates a* (red-green axis) and b* (yellow-blue axis). The overall color difference
between the 2 surfaces is determined by calculating the AE,,, which considers the changes
in all color coordinates [18]. Moreover, the whiteness of some tooth or restorative material
can be determined using the Lab coordinates to calculate the whiteness index (WIp) [19].
The Lab coordinates can also be converted to other color systems such as CIE Lch (lightness,
chroma, and hue), CIE XYZ, and RGB (red-green-blue), for instance, allowing the yellowness
index" and AE, to be calculated [18,20]. However, despite the several advantages, the

use of spectrophotometers has some drawbacks, such as their high cost [16]. Another
inconvenience is that the color measurement can be limited to areas such as the tip of the
device [21,22]. Thus, it is not possible to measure specific areas of a specimen or to compare
different areas within the specimens, by using the majority of spectrophotometers (i.e., Easy
Shade Compact V4, Vita-Zahnfabrik).

An alternative to assess the color of a limited area on a specific surface is by means of digital
color measurement using image processing software [16]. In fact, the use of digital cameras
has increased in dental practice as the quality of images captured has improved. Indeed,
several studies have demonstrated the accuracy of color measurement with the use of digital
images [23-25]. However, proper calibration of the camera is required to obtain accurate
color information, demanding that the researcher has some photography skills [26].

On the other hand, the cameras in most cellphones also can produce high-quality images
even when using automatic mode. To the best of our knowledge, no previous study has
evaluated the reliability of using images acquired with the use of a cellphone to perform

the color measurement in dentistry. Therefore, this study aimed to evaluate the reliability

of using color data from photographic images acquired with a cellphone camera to analyze
resin composite shade colors. We hypothesized that data obtained from images provided by
cellphone would result in similar values of 1) WI;, and 2) AE,, among composite shades when
compared with those obtained with a spectrophotometer.

MATERIALS AND METHODS

Study design

This was a laboratory study conducted to evaluate the independent variable ‘method of

color measurement’ in 2 levels: digital color measurement using images acquired with a
cellphone, and a spectrophotometer as reference. Figure 1illustrates the experimental design
of the study. For the dependent variable W1, a 4 x 2 factorial design was used by adding the
independent variable “resin composite shade” in 4 levels (A1, A2, A3, and A4) (n=3). The
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Figure 1. Schematic illustration of the experimental design of the study.

color difference between the shades was also assessed by calculating the dependent variable
AEy, and 6 x 3 factorial design was used by associating the independent variable “pairwise
comparison between shades” in 6 levels with the “method of color measurement” (n=9).

For this last factor, images of the specimens were obtained individually or pairwise resulting
in 3 levels. Sample size calculation was performed for the dependent variable WI,,. The
acceptability threshold of 2.6 was used as the minimum detectable difference in means, and
the mean standard deviation (0.43) of a previous study in which the optical properties of resin
composites were evaluated [27,28]. Therefore, 3 specimens per experimental condition were
required to have a 95% chance of detecting this difference at a 5% significance level.

Specimen preparation

The nanofilled resin composite Z350 XT (3M ESPE, St. Paul, MN, USA) was selected because
it is one of the materials most frequently used in dental offices and most often tested in
laboratory studies. Therefore, pairwise comparisons of dentin shades resulted in 6 AE,
values. Cylindrical specimens (@ = 20 mm, h = 1.6 mm) were built-up by inserting a single
composite increment into a rubber matrix, sandwiched between polyester strips (n = 3).
Composite was light-cured using the LED-based light unit Optilight Max (irradiance = 1,130
mW/cm?; Gnatus, Barretos, SP, Brazil) with 4 40 seconds photoactivations. The position of
the light-curing unit tip (internal @ = 7.4 mm) was changed between each photoactivation
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time interval, in order to cover the entire surface of the specimen in overlapping positions
[29]. The light source was positioned approximately 2 mm from the top of the surface. Light-
cured specimens were stored in a dry condition for at least 24 hours before performing the
color measurements.

Reference color measurement

The color (used as a reference in the study) and opacity of the specimens were measured with
a sphere spectrophotometer (SP60, X-Rite, Grand Rapids, MI, USA), in reflectance mode,
using a D65 illuminant and a 2° observer. D65 illuminant represents average midday light and
corresponds to color temperature of approximately 6500 K, while 2° observer represents the
field of view established as a standard by the CIE [30]. These parameters are standardized
because they can influence the measurements of color coordinates. Opacity was assessed in
triplicate by the difference in the color measurement against white (L =95.2,a=-1.2,b=0.3)
and black (L =0.2,a=0.2, b =-0.4) backgrounds, and was automatically calculated by the
spectrophotometer. The color was also measured in triplicate using the CIELab system with
the specimens placed against a gray (L =49.5, a=-0.5, b = -0.3) background (ColorChecker
grayscale, X-Rite). For each specimen, the W1, was calculated using the following formula [19]:

WI,=0.551xL-2324%xa-11x%b

Color measurement of specimen images

Images of specimens were acquired using a cellphone (iPhone 8 Plus, Apple, Cupertino,
CA, USA). The specimens were placed, either individually or pairwise, against the gray
background during the image acquisition procedures. The distance between the cellphone
and the specimens was standardized at 10 cm. The images of specimens were exported in
.jpg image export format and the specimen colors were measured using the open-source
image processing software ImageJ (NIH, Bethesda, MD, USA). A round region of interest of
8 mm in diameter was defined in the center of the specimens, and the color of this area was
measured using the plugin ‘RGB measure’. The RGB (red-green-blue) values were converted
into CIELab values considering an observer of 2° and illuminant D65.

Calculation of color difference
For all the color measurement methods used, the pairwise color difference among the
composite shades was calculated using the following formula [20]:

b = (AL’>2+(AC’)2+(AH’)2+R AC' AH'
00 = J\K,S, K:S¢ KySy T"Kc.Se KySy
where AL'; AC’, and AH' were the changes in lightness, chroma, and hue, respectively. The

Sty Sc, and Sy were the weighting functions for each component. K;, K¢, and Ky are the
weighting factors for lightness, chroma, and hue, respectively. Ry was the interactive term

between chroma and hue differences.

Statistical analysis

Normal distribution and equal variance were assessed by Shapiro-Wilk and Levene tests,
respectively. The effect of the shade on the composite opacity was analyzed by 1-way analysis
of variance (ANOVA). With regard to WI, and AE,, data were submitted to 2-way repeated-
measures ANOVA. All multiple comparisons were performed using the Tukey test. Linear
regressions were used to correlate the values of AEy, measured using the spectrophotometer
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data, with those calculated by using images acquired with a cellphone. A confidence level
of 5% was pre-set for analyses, which were performed using the SigmaPlot 12.0 statistical
software package (Systat Software Inc., Chicago, IL, USA).

RESULTS

Opacity
The results for opacity are presented in Table 1. One-way ANOVA showed that all the
composite specimens had similar opacity, irrespective of the shade tested (p = 0.542).

Color coordinates

The behaviors of coordinates L*, a*, and b* according to composite shades and devices

are described in Figure 2. In general, cellphone images showed higher values of lightness
(Figure 2A) and chromaticity (coordinate a*, Figure 2B; coordinate b*, Figure 2C) than the
spectrophotometer. The redness and yellowness increased as the chroma also increased
(DA1 to DA4), irrespective of the device used. Otherwise, a slight reduction in lightness was
observed toward DA4.

Whiteness indexes

Table 1 presents the results for WI,. Two-way ANOVA showed that both ‘composite shade’
(»<0.001) and ‘device’ (p < 0.001) affected the W1, values, and the interaction between
these factors was also significant (p = 0.002). Irrespective of the method used for color
measurement, the whiteness decreased significantly as the chroma increased (from DA1

to DA4), as expected. Images from the cellphone resulted in W1, values similar to those
obtained by the spectrophotometer for whiter shades (DA1 and DA2). However, for the other
shades, images obtained from cellphone resulted in lower values of WI,, than those calculated
with the use of the spectrophotometer data. An illustrative image was drawn and painted
with L*, a*, and b* values using CorelDraw Graphics Suit X8 software (Corel Corporation,
Ottawa, ON, Canada) to facilitate viewing the differences in the color readings (Figure 3).

Overall color differences

Two-way ANOVA showed that both ‘comparison’ (p < 0.001) and ‘measurement method’ (p
<0.001) affected the AE, values calculated, and the interaction between the factors was
also significant (p < 0.001). The results for AE, are displayed in Figure 4. In general, the
same behavior was observed for the comparison among the shades within all measurement
methods. The highest AEq, values were observed between Al and A4 (3 levels of chroma
change), and the lowest values, for comparison between shades differing a single level of
chroma (Al to A2, A2 to A3, and A3 to A4). Changing 2 levels of chroma (Al to A3, and A2

Table 1. Opacity and Wi, (n = 3)

Resin composite shade Opacity” Wiy
Spectrophotometer Cellphone
Al 91.2 1.1 34.1+0.4% 32.6 +1.2%
A2 90.9 +0.8 251+ 0.1% 29.1 +£1.3%
A3 91.3+1.0 18.0 + 0.4"¢ 12.4 + 3.45¢
A4 92.0 £ 0.6 10.9 + 0.5 0.3 +0.8%

Values are presented as mean = standard deviation. For WI, values, distinct letters (capital letters comparing
devices, lowercase comparing shades) indicated statistical difference by Tukey test (p < 0.05).

WI,, whiteness index.

*Calculated by a sphere spectrophotometer (SP60).
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Figure 2. The behavior of color coordinates according to composite shade and method of color measurement. (A) Coordinate L* measuring lightness; (B)
coordinate a* for red-to-green axis; and (C) coordinate b* for yellow-to-blue axis. Cellphone images presented the highest values for all coordinates.
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Figure 3. Illustrative cylinder-shaped composite specimens drawn using CorelDraw Graphics Suit X8 software
and colored with Lab data obtained with each method of color measurement to simulate differences in color
readings. In general, cellphone images appear lighter, redder, and yellower.

to A4) yielded intermediate AE, values. The AE,, values calculated using individual images
obtained from a cellphone were similar to those obtained with the spectrophotometer for all
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Figure 4. The 95% confidence interval (CI) for AE,, calculated using a spectrophotometer, or individual and
pairwise images obtained from a cellphone (n = 9). Cls for all comparisons using individual images include the
mean of the reference (spectrophotometer) of the respective comparison.

comparisons. In contrast, images of pairwise specimens resulted in 4 (66%) differences in
AE,, values from those calculated with the spectrophotometer.

Figure 5 shows the results of linear regressions, defining the AE,, values calculated with

the spectrophotometer as the dependent variable. Individual images resulted in a higher
coefficient of determination (R?) values than those obtained with pairwise images, but high
coefficients were observed for both methods of image acquisition. Further to the strong
correlation, the lowest coefficient (Y,) values indicated that using individual images obtained
with a cellphone resulted in AE, values close to those obtained with the spectrophotometer.

DISCUSSION

The opaquest shades (dentin) of a resin composite brand were chosen in the present study to
reduce any effect of the background on the specimen color measurements [29]. Hence, the
mean opacity of the specimens was higher than 90% for all composite shades, even when
using a relatively low thickness of the composite (= 1.6 mm). The opacity calculation was
based on the difference in specimen colors measured against a white and black background,
and it increased as the color difference diminished [31]. Therefore, the high opacity of

the specimens indicated that the measurement of their color was barely affected by the
background. Moreover, the color difference calculated among the shades was expected to be
close to the real difference.

However, the method of color measurement affected the specimen color and the use of
images obtained with a cellphone resulted in higher values than the spectrophotometer

for all color coordinates. Moreover, the use of images acquired with a cellphone resulted in
the lowest W1, values when darker shades (A3 and A4) were analyzed. Therefore, the first
hypothesis of the study was rejected. WI, was calculated using data from all color coordinates
from the CIElab system. However, the weight and direction of effect in the W1, calculation
differed among the color coordinates [19]. Although the highest values of lightness (weight
of 0.515 in the calculation) tend to increase the WI,, values, the highest values of coordinate
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a* (weight of 2.324) and b* (weight of 1.1) observed for images from cellphone resulted in a
reduction in the W1, value. Therefore, the differences observed only for shades A3 and A4
were due to higher differences in the coordinates a* and b* (cellphone images were redder
and yellower, respectively) in these color shades. However, it is important to emphasize that
both methods were able to demonstrate a reduction in WI, from shade Al toward A4, in spite
of the differences in the WIj, values.

Furthermore, to determine the true specimen colors, the method of color measurement must
also be able to indicate the real color difference between different surfaces or areas on the
same surface. Thus, images of specimens were acquired in pairs to assess the reliability of the
method in determining the color differences between 2 areas located in the same photograph
(i.e., an image of a class IV restoration). Moreover, it is well known that the lighting condition
strongly affects the color, and it is difficult to standardize the lighting when 2 images are
taken separately [6,26]. Thus, the study design also aimed to evaluate possible discrepancies
in color difference calculated between 2 specimens when their images were acquired
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individually or simultaneously in a single photograph. In fact, acquiring the specimen images
individually or in pairs resulted in different AE,, values.

Values of AE,, calculated using specimen images obtained individually were similar to
those calculated with the spectrophotometer data for all pairwise comparisons among the
composite shades. Whereas, using pairwise images of specimens resulted in only 2 (33%)
similar AE, values to those from the spectrophotometer. For other comparisons, pairwise
images yielded lower AEq, values than the spectrophotometer. These discrepancies were
observed when shades differing by 2 or 3 levels were compared, or for the comparison
between the darkest shades (A3 and A4). These discrepancies could be explained due

to the tendency to increase the differences in a* and b* values between the data from
spectrophotometer and cellphone in shades with high chroma (Figure 2). Differently from
WI,, similar weights were attributed to all color coordinates in the AE, calculation, and a
change in any coordinate value had a significant effect on its ultimate value [20].

Linear regressions confirmed that the use of individual specimen images was the most
reliable method to obtain AE,, values closer to those calculated with the use of the
spectrophotometer data. In the linear regressions, the R? value is the proportion AE, values
calculated with data from spectrophotometer (dependent variable = Y) that is predictable
from the cellphone data (independent variable = X). For this method, the Y, indicates the
value predicted for the dependent variable when the value of the independent variable is
zero, and the Y value increases by adding the X values multiplied by a coefficient “a” related
to inclination of the line. For this method, the use of individual cellphone images resulted in
a high coefficient of determination (R? = 0.935), the Y, close to O (Y, = 0.245) indicated the
similarity in AEq values, and the value of coefficient “a” close to 1 (a =1.058) demonstrated
that both variables were changed at a similar rate. The use of pairwise images also resulted in
a strong coefficient of determination (R? = 0.874) and a value of “a” close to 1 (a =1.067), but
the Y, =1.923 indicated that using this method tended to overestimate AE,, values.

The results of the present study demonstrated that the digital color measurement using
images from a cellphone was a reliable and easy way to determine color differences among
different composite resin shades. Previous studies have demonstrated the reliability of
using images from digital single-lens reflex (DSLR) cameras to measure tooth color [32-34].
However, the accuracy of this method relies on prior color calibration, which is a complex
procedure that involves obtaining photographs from targets with known colors followed

by corrections in the camera parameters (i.e., whiteness balance) [32]. Therefore, simpler
methods of image acquisition, such as using cellphones in the automatic mode without any
special lighting conditions would result in more reproducible and less sensitive methods.
Finally, it is important to emphasize that differences among cellphones regarding the systems
used to process the captured images, including RGB filters and JPG conversion errors, can
affect the color of objects. A single cellphone was used in the present study and differences
could be found using other models or devices.

CONCLUSIONS

The findings of the present study demonstrated that the use of images from a cell phone to
digitally measure the color difference among resin composite shades yielded reliable results,
which were comparable to spectrophotometer tested as a reference.
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