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Abstract

Choosing the right color is crucial in oral rehabilitation. Shade matching has often been a dilemma in the past but
remained a crucial procedure even in our daily practice, especially in the case of frontal restorations. Digital
photography is a common way of communication between medical team members and could be used in dental practice
with a high success rate for accurate shade selection. The study aims to qualitatively compare the L*, a*, and b* values
of shade matching obtained by digital photographs with two different devices: a smartphone (with flash and without
flash) and a digital camera using the Vita Classical shade guide. The results showed that a correctly set DSLR camera
could be used successfully to perform shade matching; older smartphones with automatic settings are not suitable for

shade matching.
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1. Introduction

The concept of oral rehabilitation has been
greatly reevaluated in digital dentistry. Patients
attribute a much more significant role to
aesthetics than to function [1]. Choosing the
right color is crucial for successful treatment
[2]. Shade matching had often been a dilemma
in the past [3] but remained a crucial procedure
even in our daily practice, especially in the case
of frontal restorations. The visual color
determination is subjective.

Digital methods were introduced to eliminate
subjectivity: colorimeters, spectrophotometers,
digital cameras, and intraoral scanners [4].
Digital photography is a common way of
communication  between medical team
members and could be used in dental practice
with a high success rate for accurate shade
selection [5]. The number of dentists who use
smartphones instead of professional DSLR
cameras to document clinical cases, determine
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the color of future restorations, and
communicate them to the dental technician is
increasing due to smartphones' easy
accessibility and handling [6]. Having
additional information with the help of
photographs, dental technicians can create
dental restorations with greater accuracy and
naturalness and achieve the results expected by
patients [7]. The oldest color system, created by
Professor Albert H. Munsell in 1905, defines
the three dimensions of color: hue, value, and
chroma. This system has been widely used in
many fields of color science as a standard

system of color determination [8]. The
CIELAB system, standardized by the
Commission Internationale de 1'Eclairage

(CIE), is used to research the optical parameters
of dental structures and materials. It allows the
expression of each color as a point with three
coordinates, defined numerically: L *
(Lightness), a * (Red/Green Value), b *
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(Blue/Yellow Value). The system allows the
calculation of chroma (C *) and hue (H *) [9]

The study aims to qualitatively compare the L*,
a*, and b* values of shade matching obtained
by digital photographs with two different
devices: a smartphone (with flash and without
flash) and a digital camera with the Vita
Classical shade guide.

2. Materials and Methods

Seven vital and intact coronary central incisors
were photographed in randomly selected
people of different ages, both women and men.
The digital shade matching was performed, and
the Vita Classical shade guide was used for the
visual shade selection.

All the participants in this study signed
permission to use their history files for
educational purposes and studies.

- The equipment used for the workflow: iPhone
11 (12 Mpx camera), Nikon D750 FULL-
FRAME 24 MPX digital camera, Photo lens:
SIGMA 105 mm F 2.8 MACRO with 1: 1
multiplication factor, Viltrox Macro ring lite
JY670 ring flash, 18% gray card, Cheek
retractors, and Weifeng WF-6663 A tripod.

- Device settings: M (manual) operating mode,
MF (manual focus) mode, diaphragm: f/ 14,
exposure time: 1/125 s, ISO (sensitivity) 160,
and WB (white balance) — flash set to Manual
function at 1/8 power.

With the devices fixed on a tripod in the same
position, continuous sets of photos were taken
at the same 20 cm distance: digital photos with
a DSLR camera and ring flash, photos with the
smartphone with flash, and photos with the
smartphone without a flash.
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All the photographs were transferred to the
computer and processed using Adobe
Photoshop Lightroom CC software and the
CIELAB system to define color accuracy. The
L+axb* values were identified in the
photographs. For the L value, 0 was for black
color, and 100 represents a perfect reflecting
diffuser. The a* and b* axes have no defined
limits. Positive a* is red, negative is green,
positive b* is yellow, and negative is blue. The
system allows the calculation of chroma (C *)
and hue (H *).

Protocol used to process the obtained photos:

The photos were imported into the Adobe
Photoshop Lightroom CC library. A single
photo was selected and switched to
development mode. A grid from the view-loupe
overlay-grid option was selected to calibrate.
The photos were standardized with the help of
a gray card by touching it with the tool
dedicated to establishing the white balance.
The L * a * b * exposure values were adjusted
as close as possible to 54, 0, and 0, using the
indicator positioned on the gray card. This
value was adjusted on the keyboard arrows or
entered manually. The photo was extended so
that the upper central incisor occupied the
entire screen. Adobe Photoshop Lightroom CC
software initially opens in RGB color mode. By
right-clicking on the histogram and clicking on
Show Lab Color Values, we switched to the
CIELAB model. The indicator was positioned
at the central grid on the tooth, and the values
L *a * b * were recorded. Another grid next to
the center area was chosen if there were light
reflections. These actions were repeated for all
photos in the set.

Before taking each photo, the following aspects
were taken care of: the patient's clothing should
be a neutral color, the patient should not show
traces of makeup, the teeth should be clean and
moist, the ambient light should be appropriate,
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and the patient should be positioned in front of
a white wall, lips and cheeks should be
retracted, the position of the gray card should
be under the upper central incisors, and a
distance of 20 cm should be between the
camera and the tooth.

The first series of photos used a Nikon d750
professional DSLR camera with a large image
sensor (full-frame). The focal length is 105
mm, macro photography's most frequently used
distance. The image stabilization lens, OS,
allows shooting at longer exposure times, even
from the hand, without needing a tripod.
Minimum focusing distance is another crucial
aspect.

The Viltrox Macro ring lite JY670 ring flash is
a LED flash with relatively high power for
dental photography with a white ring for
diffusion in front of the LEDs to not create
harsh shadows in the photo.

The manual camera and manual focus mode
were used for taking pictures. The camera was
mounted on a tripod. The aperture was set to F
14 to provide a good depth of field. The shutter
speed was 1/125 seconds at 160 ISO (image
sensitivity) with the flash set to 1/8 power and
the white balance on the flash. The shooting
process was repeated until the photo was clear,
with a correct illumination of the teeth.

A tripod-mounted smartphone iPhone 11, was
used to take the next series of photos in
automatic mode. The photos were obtained for
each patient in JPEG format, with flash and
without flash. Once the shooting process was
complete with all the devices and methods
mentioned in the study, the photos were
imported into the Adobe Photoshop Lightroom
CC library to make the necessary adjustments
and to extract the L, a, and b values.

The imported photos should be well-focused
and well-lit. The most commonly used image
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file formats are JPEG, TIFF, and RAW, the
latter being considered the true digital negative
because the original, uncompressed data is in
RAW format. RAW images take wup
considerably more storage space than JPEG but
offer advanced image editing. The histogram of
each photograph can be visualized in the
software.

When the pictures are taken with a white
background, histograms may indicate an
overexposure of the image due to light shades.
The correct white balance setting is when the
red/green/blue channels show the peaks of the
graphics identical to those of the individual
color channels. An 18% gray or Medium Gray
card was used to adjust the exposure because it
is the most used in determining the exposure
and the correct white balance (Figure 1).

Develop

Figure 1. Achieving the correct white balance
using the 18% gray card and the white balance
selector.

In Develop mode, the indicator was positioned on
the gray card in the area below the upper frontal
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group, then in the upper right corner, below the
histogram. The exposure was adjusted from the
keyboard arrows until the correct L = 54, a = 0,
and b = 0 values were obtained. This process was
repeated on each photo of each patient.

A crucial goal in dental photography is to obtain
photos that reproduce the natural color of the
teeth. The correct white balance (WB) of the
pictures is essential. The white balance has
several settings available, depending on the
lighting conditions the photo is taken. For dental
photography, the primary light source is the flash
(5500 Kelvin), representing a standardized
natural illuminant; the white balance must be set
in flash mode. The 18% gray card was used to set
the correct white balance.

After all the necessary settings were done, the L
a b values were extracted from each photograph
(DSLR camera, Mobile phone with flash and
without flash) (Figure 2, 3).

Figure 2. Using the indicator to view L*, a*, b*
value.

Figure 3. Extracting the L*, a*, b* values for each photo.
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The same operator performed each determination three times, and the final value was obtained
from their average. After all the necessary settings were done, the L*, a*, b* values were extracted
from each photograph (DSLR camera, Mobile phone with flash and without flash). The same
operator performed each determination three times, and the final value was obtained from their
average. The obtained values were recorded and compared with each other for each patient,
respectively, with the Vita Classical shade guide (Table 1) and the color obtained by visual shade
matching for each patient.

Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited.

Shade L* a* b*
C4 34,92 7,23 12,87
A4 43,05 8,34 14,97
C3 46,29 6,79 12,88
B4 50,02 8,17 18,33
A3,5 48,94 8,49 15,70
B3 49,28 7,97 16,83
A3 56,16 7,96 14,58
D3 55,65 7,19 11,69
D4 55,57 6,18 14,40
C2 54,83 6,87 13,40
Cl 55,87 5,15 8,81
A2 60,55 6,99 12,46
D2 59,41 5,59 8,59
B2 61,90 6,09 12,55
Al 63,46 5,05 9,11
B1 59,85 4,24 7,34

Statistical analysis was performed using the GraphPad Prism 9 for macOS version 9.3.1 (350). The
statistical significance was set at p<0,05. The mean (M) and standard deviation (SD) were calculated. The
used tests: t-test, Pearson test.

3. Results
The results of the visual shade matching performed for each subject are presented in Table 2.

Table 2. Result of the visual shade matching
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Patient Color
1 A2

2 C2

3 A3,5
4 Al

5 C3

6 B2

7 B2

Descriptive statistic of the L*, a*, b* values extracted from each photograph is represented in Table 3.

Table 3. This is a table. Tables should be placed in the main text near to the first time they are cited.

Standard 95% CI
Value How to obtain the value Mean (M) Deviation
(SD)
DSLR Camera 57,87 6,409 52,04-63,90
L Phone Camera with flash 62,16 6,942 55,74-68,58
Phone Camera without 65.13 7.109 58,55-71,70
flash
DSLR Camera 6,714 0,9477 5,838-7,591
ok Phone Camera with flash 3,443 1,475 2,079-4,807
Phone Camera without 4,414 2,962 1,675-7,153
flash
DSLR Camera 12,57 2,764 10,02-15,13
b * Phone Camera with flash 26,73 5,121 21,99-31.,46
Phone Camera without 21.60 6.032 16,02-27,18

flash
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The Pearson test results shown that the values
(L*, a*, b*) recorded after analysing the
photos taken with the phone with or without
flash are corelated (r = 0.6759, p = 0.0487; r

=0.9913, p <0.0001; r=0.8191, p=0.0121),
and aren’t corelated with those recorded after
analysing the photos taken with the DSLR
camera.

The t-test results showed no statistical differences between the mean of the L* values obtained
after using the three types of cameras (p = 0.2115, p = 0.0703, p = 0.2141). Regarding the mean
of the a* value, a very significant statistical difference (p=0,0052) was observed between those
obtained after analysing the photographs performed with a digital camera and smartphone with
flash; between the other values were found no statistical differences. In the case of the mean of the
b* values, it was demonstrated that are extremely significant differences between (p=0,0006) the
mean values obtained in case of the photographs obtained with the digital camera and smartphone
with flash and very significant differences in the other cases (p = 0,0087; p = 0,0078)

After assessment of the obtained data, they were compared with the values of the Vita Classical
shade guide. Following the evaluation based on the closest standard values, the most appropriate
colour was chosen for each value L*, a*, b* (Table 4).

Table 4. The values obtained transformed into Vita Classical shade guide colours.

Patient DSLR Camera Smartphone with flash Smartphone without flash
L* a* b* L a* b * L a* b*
1 D2 C3 A2 Al B1 B4 Al B1 B4
2 B3 A3/B3 B3 Al B1 B4 Al B1 B4
3 A3)5 C4 A3)5 A3)5 B1 B4 Cl Al C2
4 B2 Al Cl A2 B1 B4 C2 Al A3)5
5 B2 D4 A2 Al D4 B4 Al A3,5 B4
6 B2 D3 A2 Al B1 B4 Al B1 B4
7 B2 C3 Al B1 B1 B4 Al Bl B4
4. Discussion The values closest to those obtained by visual
The values obtained by different assessment of the L values were obtained

photographic methods differ somewhat in the
case of each camera used, but no statistically
significant ~ differences were obtained
regarding the L values.

All the devices are accurate for the first step
of shade matching, the choice of brightness.
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with the DSLR camera, demonstrating that
this device is the most suitable for use in this
clinical phase. Taking photos with a DSLR
camera requires knowledge of settings,
techniques, and photo terms. However, there
are some disadvantages of DSLR cameras;
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they are expensive, heavy, bulky, and not
easy to carry [10].

Great attention should be paid to ISO
sensitivity, a number defined by the
International Standard Organization and
indicates the film's or sensor's sensitivity to
the light source. The higher it is, the higher
the sensitivity of the sensor is. Increasing the
ISO also attracts some negative aspects,
materialized by the image noise captured by
the sensor, compared to an image taken with
a small ISO. This noise translates into images
of specific grain size; the higher the ISO
increases, with colour distortion and an
annoying effect [11]. The new smartphones
have a good ISO value, allowing greater light
sensitivity with low noise [12].

The most accurate record was in the case of
patient "3" for the L value and b value. The
determined colour was the same as in the
visual shade matching case. The phone with
flash indicated the same L value, but the other
values were different as in the visual shade
matching case and the colour recorded with
the DSLR camera.

In the case of the smartphone, we tend to have
the characteristics of L and a value for the
light shades of the shade guide, respectively
b values in the range of the yellow group (B)
of the shade guide. These shades are not
differentiated. They are almost similar in
each patient, which indicates an incorrect
exposure while taking pictures with the
smartphone. The use of the flash resulted in
the most inconclusive values. The precise
display of teeth in digital photographs
requires high exposure settings [13].

In the DSLR camera case, these values seem
more differentiated, and the shade obtained
from the L values even coincides with the one
visually appreciated in the patient "6", "7".
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The camera settings must be done manually,
as in the DSLR case. In the case of the phone,
the automatic settings were used, which
resulted in the recording of very close shades,
different from those obtained by visual
appreciation or with the DSLR camera.

The light source during the photo session can
significantly influence the image's quality. In
our case, the photos were taken in natural
light using a flashlight. Due to this, we had to
adjust the white balance on the photos using
a gray card to help the standardization
process in Photoshop software [14]. Sampaio
et al. demonstrated that the gray card has a
significant effect used with a DSLR camera
and ring flash system or with an iPhone 7
[15]. According to Maddula et al., the use of
the gray card during the digital photo sessions
results in better registration and evaluation of
the tooth shade than those realized without
the gray card [16]

The phones with automatic settings can not
adapt perfectly to the light source. The values
obtained are quite different from those
obtained with the DSLR camera.

Due to the posture of each photographed
patient may be differences in the obtained
results. The patient's soft tissues can create a
different contrast and influence the results.
The extraction of values must be performed
on several areas of the labial surface because
the teeth have a different coloration on
certain parts of the surfaces. In our case, only
one area was chosen to extract values, which
may be another reason for obtaining these
more dispersed values. The gender and age of
the photographed patients were not taken into
account. Studies in the literature confirm that
these differences exist. A study by MG
Demirel and MT Tuncdemir shows
significant differences between all three
parameters: L * a * b *, in people of different
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sexes. Thus, most discrepancies were found
in men compared to women. They also noted
significant differences between young and
older people and fewer differences between
middle-aged and older people. [17]
Goodkind and Schwabacher reported that, on
average, women have lighter, less reddish,
and yellow teeth. Teeth also tend to become
darker in color and more reddish with age
[18].

A study by Bostjan Pohlen highlighted the
capability of visual shade matching of a
group of students of different sex and
inexperienced in such determinations. He
concluded that gender plays an essential role
in choosing a color. In its results, women
manage to appreciate color more accurately
than men. One possible cause may be
genetics [19].

Visual appreciation is subjective. Many
factors, such as sex, age, visual acuity,
clinical experience, condition, and emotions,
influence it. The human eye cannot perceive
brightness, chroma, and hue separately,
which can be influenced by this aspect. Choi,
following his study, concluded that digital
analysis of tooth colour is more accurate and
reproducible than the visual method [17,20].
The correct digital shade matching will be
successfully reproduced by the restorations
only if the dental technician can process this
data as required.

Digital photography is a reliable method for
shade selection in dental offices. Using the
18% gray reference card leads to highly
standardized colours, especially in the case of
the DSLR camera and the ring flash.

A study conducted by Prabhat Shrestha from
Kist Medical College, in which the photos
obtained with a DSLR camera and an iPhone
11 were compared, reports that the most
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significant differences in the obtained colour
values resulted from the smartphone [21].
One of the reasons why the smartphone
values are different is the JPEG image
format. To make precise adjustments and
extract the correct results, we need access to
raw files (RAW) obtained by a DSLR camera
[11, 20]. The newest smartphones can
generate the same image format as DSLR
cameras [22].

Constance Boissin believes that the DSLR
camera can be replaced with that of the
iPhone. [23]

In a study comparing the photos taken with
the DSLR and iPhone X camera, no
noticeable difference was observed between
the photos taken by these devices. However,
they respected a distance of at least 24 cm [6]
A two-lens camera iPhone 11 was used in this
study, one with a wide angle of view and the
other with a standard angle, similar to the
focal length of the human eye. The images
obtained through the digital camera are
superior to those obtained with the iPhone 11.
The DSLR camera has a much better
performance configuration: the DSLR
camera's large image sensor, which provides
high colour accuracy of images, and DSLR
lenses that are specially treated during the
manufacturing process to provide a clear and
well-defined image, those in the Medium Pro
range [23, 24]. Related to Mohammadi et al.,
the shade matching with calibrated
smartphone and the use of Adobe Photoshop
software assure high precision and reliability
during the procedure [25].

Sirintawat et al. demonstrated that combining
different techniques during shade selection
would result in the most accurate
determination [26].

5. Conclusions
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* A correctly set DSLR camera can
successfully perform shade matching.

* The use of older smartphones with
automatic settings is not an accurate shade
matching procedure.

+ Additional knowledge and a well-trained
practitioner is needed to process the images

* The light source can considerably influence
the digital shade selection. It is desirable to
use natural light.

The digital shade matching facilitates the
rapid transmission of the information to a
well-trained dental technician and allows the
individualization of the restorations.

in Photoshop software.
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