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ABSTRACT

Background: This study investigates the critical role of esthetics in restoring anterior teeth, particularly
maxillary central teeth,emphasizing the need for restorations that closely mimic natural tooth appearance.
Achieving visual harmony and precise color coordination across all tooth areas is essential, with the
opalescent area and halo being vital for maintaining restoration integrity. While previous research has
addressed tooth color and opalescent characteristics, this study aims to provide a deeper analysis of their
optical properties (L,a,b) among individuals aged 20-30 years in Isfahan, using cross-polarized photography.
Materials and Methods: In this descriptive analytical research involved 191 participants from
the Faculty of Dentistry at Islamic Azad University of Isfahan, all without dental abnormalities or
prior restorations. Data collection was conducted in three stages, starting with cross-polarized
photographs of the central teeth, which were analyzed using Adobe Photoshop and Camera RAW
software to extract the L,a,b components for both opalescent and halo areas, followed by statistical
analysis using SPSS. Results showed that 51% of participants were female and 49% male, with all
exhibiting an opalescent area and 57% having a halo area.

Results: The opalescent area dimensions ranged from 0.20 to 0.83 mm, whereas the halo area
ranged from 0.13 to 0.62 mm. Average values for L, a, and b in the opalescent zone were 68.94,
11.89,and 26.35, respectively, with mean AE values of 74.88 for the opalescent area and 77.52 for
the halo zone. The opalescent zone was present in all participants, showing similar sizes across
genders but slightly larger in men, whereas the halo zone was more common in women.
Conclusion: Men’s teeth showed reddish and yellowish hues in the opalescent area, with no
significant differences in the halo area, providing valuable insights for the design of aesthetic
restorations and color coordination efforts.

Key Words: Central teeth, cross polarization, halo, opalescence, optical properties,
photography

INTRODUCTION

In the realm of restorative dentistry, the esthetic
integration of dental restorations with natural teeth
is paramount. Despite the importance of opalescence
in achieving this integration, many studies have
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downplayed its significance, often labeling it as
the least critical factor in successful restoration.!']
However, we contend that opalescence is as vital as
other features that contribute to the overall esthetic
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quality of dental restorations. Tooth color matching
remains one of the most empirically misunderstood
aspects of dentistry, largely due to insufficient
emphasis in dental education. The essence of
restorative dentistry lies in esthetics, and improper
color matching can lead to numerous failures in
achieving a natural appearance.[*

This study aims to delve into the optical properties
of opalescence and the halo effect in the incisal
area of central teeth among young individuals aged
20-30 in Isfahan. By extracting and analyzing
laboratory information related to these properties, this
research seeks to enhance the understanding of how
opalescence influences tooth color and its practical
application in the reconstruction of dental restorations
by both dentists and dental laboratory technicians.
To provide context for this investigation, we will
outline the dimensions, limits, and relevant variables
associated with the study of tooth color.[*® Color
is inherently subjective, relying on three essential
elements for its perception: light as a physical
stimulus, the eye as the receiver, and individual
perception as the interpreting agent. This means that
color is not an intrinsic property of an object but
rather a subjective experience shaped by individual
significance.’'?! Various systems and theories exist
for classifying colors using precise methodologies.
The Munsell color system serves as a foundational
framework for classifying colored objects in three
dimensions, akin to how a solid object is defined
by its physical dimensions — length, width, and
height.l'*!7)

Color can be accurately defined by three main
properties: hue, chroma, and value. Each property
varies depending on the classification system
employed. The Munsell system primarily offers a
visual description, while the CIELAB color system
provides a more quantitative analysis. The latter has
been widely adopted in dentistry for quantitative color
determination and remains a common method for
visually describing color attributes.!'>-18]

In restorative dentistry, a common issue arises when
a restoration possesses a high value, making it
excessively bright and easily recognizable, which
detracts from the overall esthetic appeal, particularly
in metal-ceramic prostheses.!'”” Given the increasing
patient demand for esthetic restorative treatments,
the lack of proper simulation, and matching of
opalescence in these procedures often leads to

dissatisfaction among patients. There exists a
significant gap in knowledge regarding the types
of opalescence and an understanding of its spectral
importance in aesthetic restorations, which is crucial
for both dentists and dental prosthetic technicians.
To address this gap, it is imperative to establish
a scientific assessment criterion that identifies the
types, distribution, and severity of opalescence and
halo effects in the central teeth of individuals aged
20-30 years.?>?* This assessment will help determine
the prevalence of these properties and guide decisions
regarding their simulation. The analysis will rely on
color spectra obtained from the visual effects of tooth
structure through standardized photography, taking
into account factors such as lens distance, angle to
the patient, and other environmental elements. In
light of these considerations, the present study aims
to investigate the prevalence of opalescence and halo
effects in the central teeth of young adults in Isfahan
using polarized photography.-28! By exploring these
aspects, we hope to provide a clearer understanding of
how these optical properties contribute to the overall
aesthetics of dental restorations, ultimately leading
to improved patient outcomes and satisfaction. The
results of this study could serve as a valuable resource
for dental professionals seeking to enhance their
restorative practices and achieve more natural-looking
results.

Research objectives

The primary objective of this study is to determine
the prevalence and extent of opalescence and halo
optical characteristics in the central teeth of young
individuals aged 20-30 years in Isfahan, utilizing
cross-polarized photography. To achieve this, several
subobjectives will be addressed: first, to ascertain
the Lab values of the incisal opalescence and halo
zones; second, to evaluate the color ranges of both
the incisal halo and opalescence zones; third, to
measure the sizes of these zones; fourth, to identify
the presence or absence of a halo; and finally, to
analyze these features in relation to gender. The
practical aim of this research is to apply the Results
on the prevalence of opalescence and halo in central
teeth to enhance the reconstruction of incisal edges
in composite and ceramic restorations. Key research
questions guiding this investigation include inquiries
into the Lab values of the incisal opalescent and halo
zones, whether these values differ, the color ranges of
both zones, their respective sizes, the presence of an
incisal halo, and potential gender differences in these
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characteristics. By addressing these objectives and
questions, the study seeks to provide valuable insights
that can inform dental practices and improve aesthetic
restoration techniques.

This article shows the structure and optical
properties of teeth, along with relevant research,
and outlines methods for measuring color and its
historical context. Understanding how light interacts
with teeth is essential for dentists aiming to create
biomimetic restorations.”®! While the three main
components of color — hue, value, and chroma — are
often emphasized, an important factor frequently
overlooked in cosmetic dentistry is the translucency
of teeth.””! Translucency refers to the extent to which
light can pass through a surface or scatter within an
opaque medium.P%! The incisal third of the tooth
exhibits the highest translucency, primarily due to the
thinner layer of dentin at the incisal edges. Among all
teeth, the maxillary central incisors are particularly
prominent and visible, serving as the foundation of
an attractive smile.’” Consequently, the aesthetic
properties of these incisors are crucial in shaping
the overall appearance of a smile.’*** Gaining a
deeper understanding of how translucency and light
interaction influence the aesthetics of maxillary
central teeth is vital for achieving natural-looking and
realistic dental restorations. The optical characteristics
of these teeth, especially in the incisal area, can
significantly aid dentists in crafting a beautiful,
natural smile.

()pti(u/ properties Qf'rccrh

In physics, color is primarily known as light. The
interaction between human teeth and light, as well
as the interaction between restorative materials and
light, has been investigated comparatively several
times in studies (6). Tooth color is determined
by a combination of its optical properties. When
light strikes a tooth, four phenomena related to the
interaction of the tooth with the light flux can be
described (36): (1) transmission of light through
the tooth, (2) specular reflection at the surface, (3)
diffuse reflection at the surface, and (4) absorption
and scattering of light by tooth tissues. Tooth color
has been shown to result from volumetric scattering
of light (37,38).

Im'c.x'ri(c]arion (»)/"f[]C oprim/ properties t»)ffccth

Vaarkamp et al. conducted measurements of light
transmission through enamel and dentinal tubules
that are 0.85 mm thick.’>* Hydroxyapatite

crystals in enamel play a significant role in light
scattering, while dentin’s light scattering is primarily
attributed to its tubules.***! In addition, a study
by Ko et al. examined how the light scattering
power of enamel changes with decreasing mineral
content, showing that demineralization increased the
scattering coefficient by approximately threefold. -4
Spitzer and Ton Bosch analyzed the reflection and
transmission of light from thin sheets of bovine
and human enamel across wavelengths from 220 to
700 nm using a spectrophotometer. They identified
an absorption peak at 270 nm in all spectra, which
lies outside the range of natural human visible
light (380-780 nm).*) An in vitro study revealed a
strong correlation between the color of 28 teeth from
various patients who had their enamel removed and
that of intact teeth, confirming that dentin primarily
determines tooth color, with enamel contributing only
slightly through scattering in the blue range.® Zijp
et al. noted that thin slabs of human enamel appear
pale blue when viewed in daylight and pale yellow
when viewed in transmission.*¥ Several researchers
have also investigated the luminescence properties,
including fluorescence and phosphorescence, of
enamel and dentin.'***4¢ Dentin exhibits fluorescence
excitation peaks at 300, 325, 380, and 410 nm, with
corresponding emission maxima around 350, 400,
450, and 520 nm."” Enamel has excitation peaks at
285 and 330 nm, with emission maxima at 360 and
410 nm." For bovine enamel powder, an emission
maximum was recorded at 400 nm."® The combined
fluorescence from both dentin and enamel has been
reported to enhance the perceived whiteness or value
of teeth.*”? However, Ten Bosch and Coops found that
when measuring tooth color samples under different
light sources, fluorescence did not significantly
contribute to the color observed in everyday lighting
conditions.[*8-52

Review ‘.,’]fth literature

In 2023, Mishra et al. conducted a study to analyze
the translucency characteristics of the upper central
incisal third among the Indian population, focusing
on different age and gender groups. They gathered
primary data from intraoral images of 140 subjects
across four age categories, using digital imaging and
software analysis to identify translucency patterns.
Their Results led to the development of a three-tiered
classification system that highlights the prevalence
of various translucency types based on age and
gender.**! Similarly, Baratieri et al. investigated
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the impact of polarizing filters on color accuracy in
images obtained from color tables using a digital
DSLR camera, macro lens, and ring flash. They
found that results from digital photography with
polarizing filters were more aligned with those from a
spectroradiometer for low-value color tables, whereas
high-value tables performed better without the filter.[*!
In another 2022 study, Baratieri et al. explored new
trends in tooth color matching through various
selection methods. Their results indicated that relying
solely on digital images for color matching led to a
decrease in AE, whereas using a spectrophotometer
showed no advantage over visual color guide tabs.
The study concluded that both digital photography
and spectrophotometric measurements resulted in
fewer color discrepancies compared to traditional
methods using color tabs.[*"!

MATERIALS AND METHODS

The study used a descriptive-analytic design and was
conducted at the Islamic Azad University, Khorasgan
Branch, in Isfahan, during April 1404. The statistical
population consisted of young individuals aged 20—
30 years residing in Isfahan. The study specifically
focused on the central teeth of participants within this
age group who did not have orthodontic appliances,
fillings, cosmetic restorations, or specific dental
abnormalities such as amelogenesis imperfecta or
enamel defects. Eligible participants were included
in the study after providing written consent. To
determine the necessary sample size for estimating
the average lab value in the population, the formula
n = ([z_(a/2) x c]/e)* was utilized, where € represents
accuracy and o denotes the error level. With a 5%
error rate and an accuracy of 15% of the standard
deviation (SD) (¢ = 0.15 ©), a sample size of 171
individuals was calculated. After accounting for a
10% increase, a total of 190 samples were selected for
the study. The data collection tools included digital
photography hardware equipment.

Figure 1 shows the core digital photography system
used for standardized image capture. The Canon
EOS 5D Mark III DSLR camera, paired with a
dedicated macro lens and ring flash, was essential
for obtaining high-resolution, consistent close-ups.
This professional setup ensured all photographs had
uniform magnification, lighting, and focus, forming
the reliable foundation for all subsequent color and
optical analysis in the study.

Figure 2 shows how to achieve true color data
free from surface glare, polarizing filters were
employed. A linear polarizing film was fitted over
the ring flash, while a complementary circular
polarizer was mounted on the camera lens. By
crossing these filters, specular reflections were
eliminated, allowing the camera to capture the
tooth’s subsurface light scattering and intrinsic
color, which is critical for measuring opalescence
and halo effects.

Figure 3 presents the standardization tools are
displayed, including a cheek retractor for unobstructed
vision and a crucial gray card. This card, placed
adjacent to the tooth during photography, provided
a known reference point (L = 52, a = 0, b = 0)
for precise color calibration in software during
postprocessing, ensuring that all measured L* a*b*
values were accurate and consistent across every
participant’s photograph.

The study utilized specialized software for digital
photo analysis and standardization, specifically Adobe
Camera RAW 17.2 and Adobe Photoshop CC2023.
A highly calibrated digital photography technique was
employed to capture color information from the teeth,
with a detailed methodology for using Photoshop to
standardize images and extract this color data. The
photographic setup included a Canon EOS 5D Mark

Figure 1: Digital SLR body: Canon EOS 5D Mark IlI,
compatible macro lens: Canon macro lens EF 100 mm 1:2.8
USM, canon macro ring flash.

Figure 2: K and F liner polarizer film sheet, B + W polarizer
filter NANO CPL-HAZE.
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IIT digital camera, a macro lens, a ring flash, and
polarized filters. Images were captured with accurate
and continuous exposure in RAW format, utilizing
a gray card positioned correctly for color analysis.
The process involved several precise considerations:
color images were recorded in RAW format, a white
balance of 5600 Kelvin was applied, and manual
exposure settings were used for optimal color
accuracy. Figure 4 shows the camera’s configuration
menu is displayed, highlighting the critical settings for
color fidelity. Images were captured in RAW format
to retain maximum data, a custom white balance of
5600K was set for consistent color temperature, and
exposure was manually controlled. This rigorous
protocol guaranteed that the color information
extracted was a true representation of the tooth’s
optical properties.

In the fourth case, the same magnification ratio was
used for all the stained images of all the teeth of all
the samples, and subsequently, the flash ring was
placed at the same distance from the teeth. While
setting the flash and camera in manual modes, the
flash output was tested to find the right amount of
flash power for the right exposure. Once the right
settings were found, the exposure was always the
same because the settings remained manual (the
camera settings were the same, and the distance of the
camera and flash from the teeth remained unchanged).
In order to optimize the staining environment, the
samples were photographed in a fixed location with
the same lighting conditions. Furthermore, since most

people’s teeth are seen in a vertical position at a
distance of 30 cm (25-35 cm), this was considered the
optimal position for placing the patient for the shade
assessment. As the patient’s tooth shade analysis is
performed in a vertical position, face to face with the
dentist, at conversational distance. Another important
aspect of controlling the shade analysis environment
was that the teeth had to remain hydrated, as dry
teeth become much brighter, which was also taken
into account when photographing. Figure 5 shows
the importance of maintaining tooth hydration during
imaging. A dehydrated tooth appears overly bright
and opaque, which can obscure the subtle optical
phenomena being studied.

Ensuring teeth remained moist was a vital step to
accurately capture the natural translucency and color
dynamics of the opalescent and halo zones, preventing
artificial data skew.

Accurate color photography protocol

When capturing the image, a 1 cm x 1 cm gray card
was used for exposure calibration, which was later
performed in Adobe Camera Raw, with values of
L =252 a=0, and b = 0, measured in the CIELAB
color model. The gray card was placed as close to
the incisal edge of the tooth as possible, in a vertical
position.

Figure 6 illustrates the precise placement of the
I em x 1 cm gray card during photography.
Positioned vertically and as close as possible to the
incisal edge of the central tooth, this card served as

SanDisk
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Figure 3: Gray card, cheek retractor, memory card.
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Figure 4: RAW format selection, custom white balance setting, manual exposure adjustment option.
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the absolute reference for color calibration. Its known
neutral values (L = 52, a = 0, b = 0) allowed for
software correction of any lighting inconsistencies,
ensuring the tooth’s measured L*a*b* values were
scientifically accurate.

The shooting was done in Raw file format because it
is uncompressed and has the most color information
and can also be easily corrected if the camera
settings were initially set incorrectly. The camera’s
manual settings were 1SO200, F/7.1, shutter speed
1/251, flash on manual mode, and white balance on
K and temperature 5600. The magnification was set
to 1:1.5. This allowed the incisors and gray card
to be evenly lit in the image. Figure 7 shows a test
image captured with the finalized manual camera
settings. The settings — 1S0O200, F/7.1, shutter speed
1/251, and a 5600K white balance — were rigorously
determined and locked for all participants. This
consistency ensured that every photograph was
exposed identically, creating a uniform dataset where
color differences truly reflected variations in tooth
optics, not camera variables.

1xT cm

Figure 6: Size and position of the gray card.

A light polarizing sheet was cut to the shape of the
flash surface and placed on the flash ring. A circular
polarizing filter was also mounted on the macro lens
so that it crossed with the polarizing sheet placed
on the flash, which resulted in the elimination of
reflected light from the tooth surfaces and reduced the
brightness of the teeth by about 30%, which improved
the visualization and evaluation of color.

Setting up Camera Raw Lab (set up) and color
analysis in photoshop

Adobe Camera Raw is provided with Photoshop. This
program is suitable for simple analysis that is done
to extract color values from images. The procedure
was as follows: First, the image was opened in Adobe
Camera Raw. Figure 8 shows that the histogram is set
to read color in red, green, blue (RGB) by default. The
default histogram settings in Adobe Camera Raw are
displayed, showing the color readout in the RGB color
space. As this model is device-dependent and less ideal
for scientific color measurement, this figure shows
the initial state before conversion to the standardized
CIELAB color space, which is used universally in
dental color science for its perceptual uniformity.

Figure 8: Default red, green, blue settings in photoshop.
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We changed the settings to read Lab by hovering
over the histogram and pressing the Control key and
clicking at the same time. Figure 9 demonstrates the
simple keyboard shortcut (Control + Click) used to
convert the software’s histogram readout from the
RGB color space to the CIELAB (L*a*b*) system.
This crucial step allowed the researchers to measure
color in the same three-dimensional model used
throughout the study, ensuring all collected data was
directly comparable and met scientific standards.

Figure 10 shows that the process of image
standardization using the gray card is depicted. The
exposure slider in Adobe Camera Raw was adjusted
until the cursor placed on the gray card registered an
L = 52. This action neutralized any minor exposure
shifts across different photo sessions, guaranteeing
that all subsequent color measurements from the teeth
were based on a perfectly calibrated baseline.

We placed the mouse on the gray card in the image
closest to the tooth we wanted to examine and moved
it in small circles. At the same time, we paid attention
to the L value in the histogram. If the L value did not
read 52, we moved the exposure slider left or right
until that number was indicated.

Then, we opened the Info palette in Photoshop,
clicked on the eyedropper, and activated the Lab color
option. After that, to measure the L, a, and b indices,
we divided the tooth into three parts: the mesial third,
the middle third, and the distal third. For each part,
in both the halo and opalescent areas, we recorded
the lowest and highest L, a, b values by moving the
mouse along the opalescent area and the halo area.
Later, in the data analysis stage, the average of the
highest and lowest values was calculated separately
for each of the thirds. Figure 11 shows the final stage
of data extraction within Adobe Photoshop. With the
image standardized, the Info palette was set to read
L*a*b* values. The cursor was then meticulously
moved along the opalescent and halo areas in the
mesial, middle, and distal thirds to record the highest
and lowest L, a, and b values, providing the raw data
for all statistical analyses.

The Ruler tool in Photoshop was used to determine
the size of the opalescent area and halo (if any),
and the largest size of the opalescent area and halo
across the entire width of the tooth was measured and
recorded. The color range of the opalescent area and
halo was also determined by calculating the total L,
a, b in a tooth, which is actually the average of the

ow MGG CIoRing Warming.
‘Show Shadow Clpging Warning.

 Shom Lab Color Aeadouts e 000
it "

Figure 9: How to convert the red, green, blue system to the
Lab system.

Figure 11: How to read Lab color values in opalescent and
halo areas after the standardization stage.

lowest and highest values for L, a, b across the entire
tooth.

Data analysis method

Data analysis was performed at two levels: descriptive
and inferential. At the descriptive level, for
quantitative variables, indicators such as mean, SD,
minimum, maximum, and 95% confidence interval
were calculated and reported for the means, and
for qualitative variables, frequency and percentage
were presented. At the inferential level, appropriate
statistical tests were used depending on the type of
variable and data structure. To examine the difference
in the mean of color components (L, a, b, and AE)
in different areas of the opalescence and incisal halo,
analysis of variance (ANOVA) with repeated measures
was used. In cases where a significant difference was
observed, Bonferroni-adjusted pairwise comparisons
were used. An independent #-test was used to compare
the means of quantitative variables between the two
sexes (male and female). Furthermore, to analyze
the relationship between qualitative variables, such
as the presence or absence of the Halo area with
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gender, the Chi-square test was used. Data analysis
was performed using IBM Corp. (2020). IBM SPSS
Statistics for Windows (Version 27.0), Armonk, NY:
IBM Corp, and in all statistical tests, a significance
level of 0.05 (a0 = 0.05) was considered.

RESULTS

In this article, the results of examining the optical
properties of opalescence and Halo in maxillary
central teeth in the young population of Isfahan
city, using the polarized photography method, are
presented. Data analysis was performed with the aim
of answering the research questions, evaluating the
research hypotheses, and examining the distribution
and pattern of optical components in the studied
samples. The studied properties included the color
components L, a, b, the size of the opalescence
and Halo areas, the prevalence of Halo, and the
range of color changes (AE). First, a description
of demographic characteristics and baseline optical
indices was provided, and then color values were
analyzed separately for distal, middle, and mesial
regions for each of the two opalescent and halo
regions. In addition to calculating the mean, SD, and
95% confidence interval for quantitative variables,
statistical comparisons were also performed based
on gender to allow for the examination of statistical
differences between male and female groups in optical
components.

Descriptive study of demographic characteristics
and optical indices of samples

Among the 191 samples analyzed, 98 (51.3%)
were female, and 93 (48.7%) were male. The
results indicated that the halo region was present in
109 samples (57.1%), whereas 82 samples (42.9%) did
not exhibit a halo. When examining the dimensions
of the optical areas, the size of the opalescent zone
across all samples ranged from 0.20 to 0.83 mm, with
an average size of 0.545 mm and a SD of 0.12 mm.
In the 109 samples that included a halo area, its size
varied from 0.13 to 0.62 mm, with a mean size of
0.379 mm and a SD of 0.09 mm.

Results related to the LAB of the incisal opacities
The analysis of the samples revealed that out of
191 participants, 98 (51.3%) were female and
93 (48.7%) were male. The halo region was present
in 109 samples (57.1%), whereas 82 samples (42.9%)
showed no halo. The dimensions of the optical arecas
indicated that the opalescent zone ranged from 0.20

to 0.83 mm, with an average size of 0.545 mm and
a SD of 0.12 mm. Among the samples with a halo,
the size varied from 0.13 to 0.62 mm, averaging
0.379 mm with a SD of 0.09 mm. Descriptive
statistics further detailed the L, a, and b wvalues
across the distal, middle, and mesial opacities.
The average brightness (L) in the distal area was
41.66 (SD = 3.82), whereas in the middle and mesial
areas, it was 23.71 (SD = 3.10) and 90.71 (SD = 3.85),
respectively. The overall mean for L was 68.94 + 3.23.
For component a, measuring the green-red spectrum,
the distal region averaged 12.66 (SD = 2.51), the
middle region 10.93 (SD = 2.18), and the results
region 10.84 (SD = 2.32), with an overall mean of
11.89 + 2.13. In the blue-yellow spectrum (component
b), the distal region averaged 26.33 (SD = 3.47), the
middle region 27.38 (SD = 3.84), and the mesial
region 26.14 (SD = 3.77), resulting in an overall
mean of 26.35 + 3.36. These results show significant
variations in optical properties across different regions
of the teeth, providing insights into the complexities
of dental esthetics and the role of optical dimensions
in determining color characteristics. Table 1 shows
the descriptive statistics for the L, a, and b* color
coordinates and AE (color difference) measured in
the distal, middle, and mesial regions of the incisal
opalescent zone. The data clearly illustrate the
significant spatial variations in brightness, hue, and
chroma across the tooth’s incisal edge.

In the analysis of color difference (AE), the mean
value for the distal region was found to be 72.71,
with a SD of 3.05, resulting in a 95% confidence
interval ranging from 72.28 to 73.15. For the middle
region, the mean AE was 23.77, accompanied by a
SD of 2.86 and a confidence interval of 76.82—77.64.
In the mesial region, the mean AE value was
41.77, with a SD of 3.33 and a confidence interval
of 76.94-77.89. Overall, the mean AE across all
regions was calculated to be 88.74, with a SD of
2.67 and a confidence interval between 74.50 and
75.26. These results indicate significant variations
in color differences across the different regions
analyzed, emphasizing the complexity of dental
esthetics.

The three-dimensional graphs presented in Figure 12
illustrate the distribution of color component
values — brightness (L), green-red spectrum (a), and
blue—yellow spectrum (b) — across the three incisal
opacities. Notably, the variation in the density and
positioning of points within the color space among

Dental Research Journal / 2026-




Raddanipour, et al.: Study esthetic restoration of maxillary central teeth

Table 1: Average LAB values in different areas of the incisal alveolar ridge

Variable Range Number Minimum Maximum Mean+SD 95%CI
Lower Bound Upper Bound
L Distal 191 54.50 75.50 66.41+3.82 65.86 66.95
Middle 191 61.00 78.00 71.23+3.10 70.79 71.68
Mesial 191 58.50 81.50 71.90+3.85 71.35 72.44
Total 191 59.50 75.50 68.94+3.23 68.48 69.40
A Distal 191 6.00 21.50 12.66+2.51 12.30 13.02
Middle 191 6.50 19.00 10.93+2.18 10.62 11.24
Mesial 191 6.00 18.00 10.84+2.32 10.51 11.17
Total 191 6.50 18.00 11.89+2.13 11.59 12.19
B Distal 191 18.00 36.50 26.33+3.47 25.84 26.83
Middle 191 16.50 37.50 27.38+3.84 26.83 27.93
Mesial 191 16.50 37.50 26.14+3.77 25.60 26.68
Total 191 17.50 35.50 26.35+3.36 25.87 26.82
AE Distal 191 64.22 79.46 72.71+3.05 72.28 73.15
Middle 191 69.70 83.20 77.23+2.86 76.82 77.64
Mesial 191 67.27 85.03 77.41+£3.33 76.94 77.89
Total 191 67.99 80.54 74.88+2.67 74.50 75.26

Lightness (from black to white)=L. a=Green—Red axis=A. b=Blue—Yellow axis=B. Color difference (Delta E)=AE. SD: Standard deviation

(Distal)

a(Green-Red)
a(Green-Red)

3D Scatter Plot of L*a*b* — Opaquescence
(Middle)

(Mesial)

Figure 12: Three-dimensional scatter diagram of the L*a*b* color space in different areas of the central incisal alveolar ridge (Distal,

Middle, Mesial).

the different areas is clearly observable, revealing
distinct color patterns for each region. For the L
component (brightness), values in the distal area
ranged from 54.50-50.75, while the middle and
mesial regions exhibited ranges of 0.61-8.78 and
5.58-5.81, respectively. The concentration of points
in the middle and mesial areas is higher on the L axis,
indicating greater brightness and light density in these
regions compared to the distal area. The distal region
also showed the largest variation in the a component,
with values ranging from 0.6 to 21.50, whereas the
middle and mesial regions had narrower ranges of
6.5-0.19 and 0.6-0.18, respectively, suggesting a
broader variation in red hues in the distal region
compared to the orange tones present. Regarding the
b component (blue-yellow), values also varied among
the regions: the distal region ranged from 0.18 to
5.36, while the middle and mesial regions had similar
ranges of 16.5-5.37 and 16.50-37.50, respectively.

These results point to a relatively consistent yet
widespread presence of yellow color across the
different areas of orange.

The symbol “< or >” indicates a statistically
significant difference between regions (P < 0.05),
and “=" indicates no significant difference. Table 2
shows the results of comparing the mean values of
the four color components — L, a, b, and AE — across
the distal, middle, and mesial incisal orange regions
of the central teeth. A repeated-measures ANOVA
revealed statistically significant differences among
the regions for all variables (P < 0.001). According
to the post hoc tests with Bonferroni correction, the
differences in means for each color component were
as follows: For component L (brightness), the mean
value in the mesial region was significantly higher
than in the middle region (P = 0.001), and the
middle region, in turn, was significantly higher than
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the distal region (P < 0.001). In terms of component
a (green-red), the mean value in the distal region
was notably higher than in both the middle and
mesial regions (P < 0.001), although there was no
significant difference between the middle and mesial
regions (P = 0.001). For component b (blue-yellow),
the middle region’s mean value exceeded those of the
distal and mesial regions (P < 0.001), whereas the
difference between the distal and mesial regions was
not statistically significant (P = 0.001). Regarding
the AE value (color difference), the mean AE in the
middle and mesial regions was significantly greater
than in the distal region (P < 0.001), but there was no
significant difference between the middle and mesial
regions (P = 0.990). Figures 12-15 illustrate the mean
values of the color components, including L, a, b,
and AE, categorized by distal, middle, mesial, and
total incisal orange, along with their 95% confidence

Table 2: Mean, standard deviation, and
repeated-measures analysis of variance results for
color components in incisal orange areas

Variable Area Mean+SD Statistic P Result

L Distal 66.41+3.82 353.035 <0.001 Mesial > Middle >
Middle 71.23+3.10 Distal
Mesial 71.90+3.85

A Distal 12.66+2.51 129.537 <0.001 Distal >
Middle 10.93+2.18 Middle=Mesial
Mesial 10.84+2.32

B Distal 26.33+3.47 24.953 <0.001 Middle >
Middle 27.38+3.84 Distal=Mesial
Mesial 26.14+3.77

AE Distal 72.71+£3.05 339.298 <0.001 Distal >
Middle 77.23+2.86 Middle=Mesial
Mesial 77.41+3.33

Statistical comparisons between regions were performed using repeated

measures ANOVA. The results of the post hoc tests (Bonferroni-adjusted) are

reported in the “Result” column. ANOVA: Analysis of variance; SD: Standard
deviation

intervals. Figure 13 shows bar chart compares the
mean L* value (lightness) across the three regions
of the incisal opalescence. The results clearly show a
statistically significant increase in brightness from the
distal to the mesial region. This gradient in lightness
is a critical optical characteristic that contributes to
the vitality and depth of a natural tooth and must
be considered when layering composite resins or
ceramics.

Figure 14 shows the mean a* values, which represent the
green—red axis of color. The distal region demonstrated
a significantly higher a* value (more red) compared to
the middle and mesial regions, which were statistically
similar. Understanding this specific distribution of
red hues within the opalescent zone is essential for
achieving color harmony and avoiding restorations that
appear monochromatic or artificially flat.

Figure 15 shows the mean b* values, indicating the
blue-yellow spectrum. The data reveal that the middle
region of the opalescent zone had a significantly
higher b* value (more yellow) than both the distal
and mesial regions. This pattern highlights another
layer of complexity in natural tooth color, where a
central concentration of yellow contributes to the
overall warm undertone of the incisal edge.

Figure 16 illustrates the mean color difference (AE)
values across the distal, middle, and mesial regions
of the incisal opalescence. The results show a
significantly lower AE in the distal region compared
to the middle and mesial regions, which were
statistically similar. This quantifies the distinct visual
character of each zone and underscores that a single
color of restorative material cannot accurately mimic
the complex optical landscape of the natural incisal
edge.

Mean L Value with 95% Corfidence Interval

Distal Middle Mesial Overall

135

1T

105

Mean AValue wih 95% Confidence Interval
s

Distal Middle Mesial Overall

Figure 13: Mean L component (luminance) in different areas
of incisal opacities with 95% confidence interval.

Figure 14: Mean A component (green—red) in different incisal
opalescence areas with 95% confidence interval.
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Results related to the LAB of the incisal halo area
In Table 3, descriptive statistics indicators including
minimum, maximum, mean, SD, and 95% confidence
interval for the values of L, a, b, and AE are presented
separately for the distal, middle, and mesial areas of
the incisal halo.

The analysis of the L component (luminance) showed
that in the distal region, the mean luminance was
21.68, with a SD of 4.39 and a 95% confidence
interval ranging from 38.67 to 04.69. In the middle
region, the mean L value was higher at 45.72, with a
SD of 4.56 and a confidence interval of 58.71-31.73.
The mesial region showed a mean luminance of
06.73, accompanied by a SD of 4.68 and a confidence
interval of 17.72-95.73. The mean L value across
all regions was calculated to be 13.70 + 4.68, with a
confidence interval of 36.69-92.70.

DISSCUSION

For the a component (green—red spectrum), the distal
region had a mean value of 14.08 (SD = 2.19), with
a confidence interval between 13.66 and 14.49. In
the middle region, the mean was 11.92 (SD = 2.08)
with a confidence interval of 11.53-12.32, while the
mesial region had a mean of 12.30 (SD = 2.35) and a
confidence interval of 11.86—12.75. The overall mean
for the a component across the three regions was
13.38 £ 1.96, with a confidence interval of 13.00-13.75.
Regarding the b component (blue—yellow spectrum),
the distal region’s mean was 20.30 (SD = 2.68), with
a confidence interval between 29.69 and 30.71. The
middle region’s mean was 30.22 (SD = 2.98), with a
confidence interval of 29.65-30.79, while the mesial
region recorded a mean of 29.68 (SD = 3.24) and a

20

Mean B Value with 95% Confidence Interval

Distal Middle Mesial Overall

,, T 1

Mean DetaE Value with 85% Confidence Interval

!

Distal Middle Mesial Overall

Figure 15: Mean B component (blue-yellow) in different areas
of incisal opacities with 95% confidence interval.

Figure 16: Mean AE (color difference) in different areas of
incisal opacities with 95% confidence intervals.

Table 3: Average LAB values in different incisal halo areas

Variable Area Number Minimum Maximum Mean+SD 95% CI
Lower bound Upper bound
L Distal 109 37.00 74.50 68.21+4.39 67.38 69.04
Middle 109 38.00 78.50 72.45+4.56 71.58 73.31
Mesial 109 39.50 79.00 73.06+4.68 7217 73.95
Total 109 38.50 76.00 70.13+4.14 69.35 70.92
A Distal 109 7.50 18.50 14.08+2.19 13.66 14.49
Middle 109 7.00 17.50 11.92+2.08 11.58 12.32
Mesial 109 8.00 18.50 12.30+2.35 11.86 12.75
Total 109 8.00 18.00 13.38+1.96 13.00 13.75
B Distal 109 23.50 38.00 30.20+2.68 29.69 30.71
Middle 109 22.00 38.50 30.22+2.98 29.65 30.79
Mesial 109 22.00 37.00 29.68+3.24 29.07 30.30
Total 109 23.00 35.50 29.93+2.65 29.42 30.43
AE Distal 109 50.88 81.81 76.04+3.48 75.38 76.70
Middle 109 50.46 85.18 79.52+3.85 78.79 80.25
Mesial 109 53.16 85.37 79.96+3.73 79.25 80.67
Total 109 52.47 82.26 77.52+3.29 76.90 78.15

Lightness (from black to white)=L. a=Green—Red axis=A. b=Blue—Yellow axis=B. Color difference (Delta E)=AE. SD: Standard deviation
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confidence interval of 29.07-30.30. The overall mean
for the b component was estimated at 29.93 + 1.65,
with a confidence interval of 29.42-30.73. Finally,
the mean color difference (AE) in the distal region
was 76.04 (SD = 3.48), with a confidence interval
of 75.38-70.76. In the middle region, the mean AE
was 79.52 (SD = 3.85), with a confidence interval
of 78.79-80.25, while the mesial region showed a
mean of 79.96 (SD = 73.3) and a confidence interval
of 79.25-80.67. The overall mean AE across all
regions was 77.52 + 3.29, with a confidence interval
of 76.90-78.15 between them. Although in the study
of Siddharth Mishra who classified the translucency
patterns, as well as in the study of Mohammed
Alshehri who classified the types of opalescence,
and in the study of Sillas Duarte who provided a
classification for opalescence, all tried to improve the
reconstruction of the opalescent area of natural teeth
with restorative materials, determining the opalescent
patterns alone and without examining the L, a, b
parameters in different parts of the opalescent area and
the halo of the tooth does not lead to a reconstruction
that is consistent with the natural tooth. Therefore,
to complete and continue this research and the lack
of such a study in the research history, the necessity
of conducting the present study became apparent.
Foundational studies by Kamishima et al. and Yu
and Lee crucially investigate the properties of resin
composites,** while clinical guides like Baratieri
et al. outline restorative principles;®? however, these
focus on synthetic materials and techniques rather
than providing quantitative baselines for natural tooth
structure. Research on natural teeth, such as the early
work by Brodbelt e al. on enamel translucency!
and the highly relevant recent study by Mishra et al.
classifying translucency in an Indian population,¢-5
offer a more direct comparison. However, differentiates
itself by moving beyond pattern classification
or general translucency to provide a deeper,
quantitative deconstruction of specific incisal optical
zones (opalescence and halo) using cross-polarized
photography and precise CIELAB coordinates. While
broader context on shade matching and age-related
changes is covered by authors like Fondriest and
Ketter,’'*” and modern digital analysis is echoed in
work by Xia and Xiong,*® which in this study uniquely
fills a gap by delivering a detailed, quantitative map
of the L*a*b* values and dimensions of these zones
in a young Iranian population, thus offering a direct
scientific basis for biomimetic restoration that prior
studies often only addressed conceptually.

Rajaei et al.'! who focus on creating the advanced
biomaterials that can replicate this beauty while
enduring the mouth’s harsh environment. Their
research journey begins with strengthening the very
foundations of restorative care, such as reinforcing
crown ceramics with nanoparticles!®* and improving
filling cements!®®! for greater durability, and extends
into ensuring these materials biologically harmonize
with the body through bioactive compounds that
encourage bone integration.[>¢+¢71 This pursuit of
synergy has evolved into pioneering the future of
dental care, where 3D bioprinting crafts scaffolds for
tissue regeneration,'®*"? custom-fit structures are built
with digital precision,®® and the performance of new
materials is predicted using computer simulations and
artificial intelligence!® 77 while in this study, we
provide the critical “map” of natural tooth aesthetics,
their work builds the “vehicle” — delivering a new
generation of restorations that are not only visually
indistinguishable from nature but are also engineered
for superior strength, integration, and long-term
clinical success.

CONCLUSION

The opalescent zone is a consistent and significant
optical feature present in all individuals, with sizes
being approximately equal between men and women.
The halo zone, however, appears in about half of the
individuals and is more prevalent in women, where it
is slightly larger and brighter. In the opalescent zone
of men’s teeth, there is a greater tendency toward
redness and yellowness, although no significant
differences were observed in the halo zone. Women’s
teeth tend to have a slightly higher brightness in
the opalescent zone. While gender differences in
overall color perception (AE) were not significant,
notable differences were found in the basic color
components (b*, a*, and L*). These results have
practical implications for the design of aesthetic
restorations, including veneers and laminates, as
well as for color coordination in dental treatments.
Future studies could investigate the effects of age,
tooth background color, and environmental factors
on opalescence and halo, examine CIELAB values
in lateral, canine, and posterior teeth, combine
colorimetric analysis with enamel texture studies
using SEM or polarized microscopy, and develop a
tooth color database reflective of the native Iranian
population for use in smile design and digital
treatments. However, this study does have limitations,
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including the lack of similar detailed research
focused on the b*, a*, and L* values in opalescence
and halo, the dependence of data on light quality
and photography despite control measures through
cross-polarized techniques, and the exclusive focus on
maxillary central teeth within a specific age group.
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