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Abstract

Objective: This article aims to describe a systematic method for tooth color repro-

duction with ceramics restorations employing artificial intelligence (AI) software

named Matisse. It provides a comprehensive analysis of the entire process, beginning

with shade-taking and extending to ceramic application in a complex clinical case in

the anterior region—specifically, a single central restoration supported by an implant.

Clinical Considerations: The clinical case presented highlights the potential of

Matisse software for generating ceramic (inSync-Jensen Dental, USA) and staining

(Miyo-Jensen Dental, USA) recipes over a zirconia abutment (Katana-Noritake

Dental, Japan). This approach achieves an optimal single central restoration utilizing

CAD-CAM and layering techniques.

Conclusions: The systematic method employing the Matisse software achieved

accurate color reproduction for a single central restoration supported by an implant.

This result was achieved by the dental ceramist within the first attempt and without

seeing the patient in the entire process.

Clinical Significance: The Matisse AI-assisted protocol offers a systematic and scien-

tifically grounded method for color reproduction in dentistry for indirect restorations.
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1 | INTRODUCTION

Achieving precise color reproduction between indirect restorations

and the natural teeth poses a formidable challenge, especially in the

anterior dentition where aesthetics plays a major role.1,2 This task is

further compounded by the necessity to replicate natural tooth color

in a laboratory setting rather than within the patient's mouth.3

Addressing these complexities requires a nuanced comprehension of

several factors. On the clinical side, this includes considerations such

as the influence of the stump shade and available space for

restoration.4,5 On the laboratory side, factors such as the selection of

framework material,6 the choice of ceramic powders,7 the effects

of layering techniques,8,9 and the post-sintering color and mechanical

properties10 are crucial.

Color reproduction with dental ceramics is often regarded more

as an art than a science. Traditional methods have primarily depended

on the artisanal skills and experiential knowledge of dental techni-

cians. While these skills are indispensable, relying solely on them can

lead to inconsistencies and frequent color mismatches, often resulting

in time-consuming corrections or costly remakes.11–13 Conventionally,
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the dental community has relied on subjective methods, which involve

visual shade matching, selecting a shade from shade guides, and then

communicating this information to the laboratory using a prescrip-

tion.14 However, dental shade guides offer a limited range of colors

that do not fully encompass the color space of natural teeth, leading

to considerable inaccuracies, particularly for less experienced dentists

and dental technicians.15–17 Additionally, the absence of reliable

instructions from dental manufacturers on replicating shade guide

colors with ceramics in diverse settings complicates the precise repro-

duction of the entire natural tooth color with this material.13 Thus,

significant errors arise in the initial step of color reproduction, con-

tinuing into subsequent stages due to the incorrect selection and

placement of ceramic powders based on inadequate information.

The introduction of spectrophotometers and colorimeters,

equipped with advanced color analysis software, represents a signifi-

cant advancement in shade-taking and color measurement.14,18 These

tools, along with the CIELAB color space introduced by the Commis-

sion Internationale de l'Eclairage (CIE), wherein the L* coordinate mea-

sures lightness, while the a* and b* coordinates represent red-green

and yellow-blue, respectively,19 enable the utilization of color differ-

ence formulas such as the CIE94 (ΔE94).20 This allows for the deriva-

tion of a specific value that can be correlated with human color

perception and its thresholds of color differences,21,22 thereby facili-

tating a quantitative assessment during the color reproduction work-

flow.23,24 Additionally, digital cameras, coupled with software and

specific neutral gray cards for more accurate color calibration, have

been employed to improve color assessment and communication.25–27

These implements also allow the capture of detailed information

regarding the morphology, surface texture, and translucency of the

tooth, thereby contributing to more comprehensive dental

assessments.28,29

Despite those advancements in dental color measurement and

shade-taking, a significant challenge persists in translating that informa-

tion into the manufacturing process of color reproduction. In other

words, the method of selecting the right combination of material shades

and translucencies to accurately replicate not only the base color but also

all the intrinsic color details (e.g., those observed in the incisal third of

anterior teeth) has not been adequately addressed.24 The Matisse soft-

ware aims to fill this crucial gap.30 Although inspired, Matisse takes a rad-

ically different approach than existing approaches of synthesizing color

measurements into a restoration process.11,12,23,26,31 Specifically,

1. the approach utilizes, in addition to a digital camera for a visual

color check, also a dental colorimeter32 for the bulk of the color

measurements to ensure more consistent and accurate shade-

taking,

2. the method provides recipes to match the stump shade and adja-

cent teeth offering a path to exactly replicate the patient's mouth

situation,

3. the software provides ceramic recipes for each layer of the resto-

ration by considering the effects of the background color and

thickness of the layers,

4. the method takes advantage of the full-color spectrum of ceramic

and staining sets to get more versatile and robust recipes.

Finally, Matisse also offers a solution to directly stain full mono-

lithic crowns and micro-layering crowns to the desired shade, hence

bypassing the need for layering altogether. Overall, this hybrid

methodology combines the strengths of traditional craftsmanship

with cutting-edge technology, incorporating artificial intelligence

(AI) algorithms.33,34 As a result, it offers promising ceramic recipes tai-

lored to match the natural tooth color.

This article aims to describe a systematic method for tooth color

reproduction with ceramics restorations employing AI software

named Matisse. It provides a comprehensive analysis of the entire

process, beginning with shade-taking and extending to ceramic appli-

cation in a complex clinical case in the anterior region—specifically, a

single central restoration supported by an implant.

2 | CASE REPORT

A 40-year-old female patient sought treatment at a private clinic

(Oakbrook Terrace, IL). Upon intraoral clinical examination, moderate

F IGURE 1 Pre-operative x-ray displaying the initial condition of
the case.
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to severe periodontal inflammation was observed on the palatal

aspect of the right upper central incisor, which also exhibited an

extensive restoration (Figure 1). The patient's dental history revealed

a resorption, managed surgically on three previous occasions.

Additionally, complementary studies showed internal resorption

around the cavo-surface margin on the internal aspect of the tooth.

Consequently, various treatment options were discussed, and follow-

ing the patient's final acceptance, it was decided to proceed with

extraction and immediate implant placement along with bone grafting.

A dental colorimeter (Optishade, Styleitaliano-Smile Line, Saint-Imier,

Switzerland) was used to register tooth images and color data. This

clinical information was shared by cloud/IOS App to the dental labora-

tory (Lisle, IL), while the patient expected final restoration using a

provisional restoration (Figure 2). The implant-supported single-

central restoration was digitally designed (Exocad, Germany) and

produced on zirconia (Kuraray Noritake Dental, Tokyo, Japan). The

layering of restoration was achieved using the Matisse software

recipes, providing a systematic solution to the challenge of color

reproduction. The recipes can be generated utilizing an iOS

application—Matisse iOS App (Labmatisse BV, Wijchen, The

Netherlands) and the online Matisse software (https://www.matisse.ai/)

(Labmatisse BV, Wijchen, The Netherlands) (Table 1), alongside a dental

colorimeter and digital images. The following sections delineate the

step-by-step integration of software and devices into the workflow,

a graphical illustration is presented in Figure 3.

2.1 | Shade-taking

The first step involved shade-taking in the dental office, conducted

using a dental colorimeter (Optishade, Styleitaliano-Smile Line, Saint-

Imier, Switzerland) interfaced with an iOS application—Optishade App

(Styleitaliano, Liguria, Italy). To minimize the risk of color discrepancies

attributed to tooth dehydration, this procedure was performed within

the initial minute of the dental appointment. The colorimeter was

positioned directly in front of the tooth for measurement and stabi-

lized on the adjacent teeth to maintain proper focus distance. Color

determination was facilitated through the iOS application, which

captured an image of the area recorded on the screen, delivering color

measurements in terms of CIELAB or CIELCh color coordinates, show-

ing the closest match with various shade guides and ΔE94 values

(Figure 4). Preferably, there should be one image of the tooth prepara-

tion and another of the target tooth. In this case of a screw-retained

implant crown, an image of the target tooth was sufficient. Once the

files were shared with the Matisse iOS App, they automatically

synchronize with the Matisse software.

2.2 | Setting initial parameters

To begin formulating the dental restoration recipe in the software, an

All-in-One recipe was chosen. This provided a complete plan for

addressing the specific case, selected from various available options.

Initial parameters included ceramic brand, framework brand, frame-

work staining (optional), total available space for ceramic layering,

F IGURE 2 Temporary crown for the upper right central incisor
following implant surgery.

TABLE 1 Features offered by the Matisse iOS App and the online
Matisse software.

Matisse iOS App Matisse software

• ColorModel

• Framework advice

• Micro-layering and Full

Monolithic crowns

• ColorModel

• Framework advice

• The Dentin, Internal effects, and

Enamel Recipes

• Micro-layering and Full

Monolithic crowns

F IGURE 3 Flowchart illustrating the integration of software and

devices into the workflow.
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CIELAB color coordinates of the natural tooth on three regions (cervi-

cal, middle, and incisal), and enamel type. Then, the Matisse recipes

provided framework recommendations, including instructions for the

framework staining, dentin recipes for the cervical, middle, and incisal

thirds, as well as enamel advice. These steps constituted the initial

phase, with the subsequent sections offering a more detailed and jus-

tified explanation of each step (Figure 5).

2.3 | ColorModel

To enable the dental technician to work in a color environment closely

resembling the mouth, a resin recipe for a model was generated using

the Esthetic model option. A model made of auto polymerizable

polimetilmetacrilate (PMMA) resin mixed with cold curing liquid—

Matisse Color Model resin (Labmatisse BV, Wijchen, The

F IGURE 4 Image of the target tooth displayed in the Optishade App (Styleitaliano, Liguria, Italy), showing the CIELAB coordinates and the
closest Vita Classic shade tab with the corresponding color difference (ΔE94) value.

F IGURE 5 (A) Setting the initial parameters in Matisse software All-in-One Recipe, starting with the indication and ceramic brand. (B) The
framework staining brand and total available space for ceramic layering. (C) The dentin color measurement in CIELAB coordinates and the skin
enamel type.
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Netherlands), was obtained by pouring the resins into the impression.

Following polymerization, the model was extracted, and a reduction

of the gum tissue was performed to facilitate the application of pink

wax—Metrowax No. 2 (Metrodent, Yorkshire, UK), to mimic the color

of the gingiva. The reproduction of a stump shade was omitted

(implant), with color replication solely based on the homonymous

tooth (1-part CM0 and 4 parts CM 4) (Figures 6 and 7).

2.4 | Framework

The subsequent phase entailed selecting a substructure or framework

material within the Framework option. The type of restoration to be

manufactured was then chosen (Screw-retained implant crown), fol-

lowed by the selection of the ceramic type (InSync ceramic, Jensen

Dental, CT). The software provided guidance from the available

options. Then, a brand of stains was chosen (MIYO Color, Jensen

Dental, CT), and the available space for restoration on the cervical,

middle, and incisal thirds was specified. In the present case, the soft-

ware recommended a framework composed of Katana Zirconia HT

12 (Kuraray Noritake Dental, Tokyo, Japan) designed with a layering

space of 1.0 mm (Figure 8).

2.4.1 | Framework staining

To ensure precision in the color of the framework consider the avail-

able space for ceramic and the desired final color. The software pro-

vided a staining recipe option used during the wash-bake process to

reproduce the framework's color more closely to that of the natural

tooth. This becomes especially beneficial if the dental technician opts

for a framework different from the one proposed by the software. For

this case, a MIYO (Jensen Dental, CT) color recipe was generated

for the middle area. The wash-bake involved a recipe of 3-part Trans

Smoke and 1-part Mamelon Coral, which was similarly applied to the

cervical and incisal areas (Figure 9). Following the application of stains

on the framework, the dental colorimeter was utilized to compare the

CIELAB coordinates with those of the natural tooth before baking it

in the ceramic furnace. After baking, the color accuracy of the wash-

bake was ensured through the Color checker protocol (Figure 10).

F IGURE 6 The suggested resin recipe of ColorModel by Matisse
iOS App.

F IGURE 7 The ColorModel replicating the color environment of
the mouth.
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F IGURE 8 The generated framework advice by Matisse with a layering space of 1mm.

F IGURE 9 The Framework staining recipe generated by Matisse for the wash-bake preparation.

6 AWDALJAN ET AL.
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F IGURE 10 The Color checker depicting color difference (ΔE94) values for the cervical, middle, and incisal parts of the stained framework
and the target tooth.

F IGURE 11 The Matisse ceramic powder dentin recipes for the cervical, middle and incisal areas.
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2.5 | Color checker

The Color checker protocol was fundamental to ensure the color accu-

racy of the restoration at each stage. It started by utilizing the dental

colorimeter to measure the color of the framework material. Subse-

quently, within the software Digital Try-in option, a colorimetric analy-

sis of various regions of the restoration was conducted, comparing

values to the target tooth and quantifying color differences using the

ΔE94 formula.

2.6 | The dentin and the internal effects recipes

To guide the layering technique the Matisse software generated a rec-

ipe containing ceramic powders for cervical, middle, and incisal areas.

It provided multiple options for each of these areas, but for the sake

of simplicity the recipe with the fewest powders was selected for the

middle and incisal zone. Depending on the characteristics of the tooth,

it could have been determined which zones would require a ceramic

recipe instead of relying solely on the initially proposed three areas.

The recipes and the mixing ratios were for the cervical area a 5 pow-

ders recipe (1� Dentin D2, 5� Opacious Body Bl4, 2� Dentin Bl4,

2� Mamelon Salmon, and 1� Neutral), for the middle area a recipe of

2 powders (3� Opacious Body Bl2 and 2� Light Brown Transpa) and

for the incisal area (3� Opacious Body A0 and 2� Light Brown

Transpa) (Figure 11). Furthermore, the software enabled the

generation of recipes for internal characterizations, providing to spe-

cific features such as mamelons, cervical translucency, enamel canvas,

opalescence, light reflection, and light absorption zones, as selected

by the dental technician from the images. In this case, the recipe and

the mixing ratios were: (Mamelon:MM Ivory/Salmon 1:2 ratio, Cervi-

cal translucency: NT Light Bown/T Yellow 1:2 ratio and Opalescence:

T Light Blue/E Orange 4:1) (Figure 12). The mixtures were prepared

based on a portioner of the same size (Figure 13).

2.6.1 | Staining studio

The software also provided ceramic paste or staining powder recipes

to correct any color discrepancies that arise after the initial baking

process, due to incorrect interpretation/ application by the dental

technician. This involved utilizing the internal staining technique, and

the recipe was adjusted based on the color of the restoration after

baking. For this process, the coefficient of thermal expansion of the

materials needed to be in the same tolerance range. In this particular

case, after the first baking, the chroma in the middle and incisal parts

was lower (Figure 14). Consequently, the Staining studio was

employed to obtain a MIYO (Jensen Dental, CT) color correction

recipe (Figures 15 and 16), which was applied internally before layer-

ing the enamel. The Color checker protocol was employed after baking,

resulting in a closer match to the target tooth while considering the

influence of the future enamel layer (Figure 17).

F IGURE 12 The Matisse ceramic powder internal effects recipes.

8 AWDALJAN ET AL.
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2.7 | Enamel recipe

Finally, the enamel recipe was formulated based on the perceived

translucency of the natural enamel, allowing selection from three

options: Milky, Translucent, or Transparent. In this case, Translucent

was selected as the main enamel type and the obtained recipe was

InSync Enamel 59 (Jensen Dental, CT) (Figure 18). The enamel layer

was only used for the finishing touch and to ensure the correct shape.

The thickness of the dentin and internal effects layer must shape the

tooth for 95%–98% and the enamel layer only 2%–5%. The final

outcome of the case and subsequent follow-ups are depicted in

Figures 19–24.

3 | DISCUSSION

Historically, the dental industry has grappled with the challenge of

accurately replicating the natural color of teeth in indirect restora-

tions, often relying on shade guides and the subjective judgment of

dentists and dental technicians.14 However, this conventional

approach frequently led to inconsistencies and mismatches, necessi-

tating costly, and time-consuming corrections.11–13 Advancements in

restorative techniques within the dental field, particularly in color

reproduction, represent a critical intersection between technology

and traditional dental craftsmanship.1,2 The Matisse software,30 as

outlined in this article, integrates AI algorithms alongside a calibrated

color-measuring process to deliver precise ceramic recipes tailored to

various clinical scenarios.33,34 A discussion of the rationale and sci-

ence behind these generation of the recipes is beyond the scope of

this article. Nonetheless, the Matisse software supports an expanding

range of dental ceramics and stains available on the market. Currently,

it incorporates 24 ceramic and staining systems that are regularly

updated and upgraded.

The systematic approach described minimizes reliance on subjec-

tive judgment by enabling color control at every step through the

Color checker protocol. This process computes color coordinates

within the CIELAB color space19 of both the restoration and the teeth

to be replicated and calculates a color difference (ΔE94)20 that can be

associated with the perceptual sensitivity of the human visual system.

With a threshold for detecting color differences set at 0.67 units,21

this assessment enables the dental technician to identify and resolve

any color discrepancies during the manufacturing process, thereby

reducing the margin for error. Also, the Framework staining and Stain-

ing studio steps provide recipes to ensure color precision or assist in

correcting any color discrepancies as needed. In the presented case,

to achieve a more accurate color on the framework, a MIYO recipe

F IGURE 13 The different ceramic powder recipes for the three regions (A) cervical, (B) middle, (C) incisal, and (D) The dentin recipe mixing
rations containing solely ceramic powders.
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was generated. Additionally, for the dentin, a lower chroma was

observed in the middle part, prompting the generation of a recipe

using the same ceramic to compensate for it. The projected staining

recipe considered the influence of the future enamel layer, resulting in

a higher lightness compared with that of the natural tooth. Following

the enamel bake and glazing of the tooth, the Color checker was con-

ducted to assess the ΔE94 difference.

When working with ceramic materials, dental technicians must

account for the material's relative translucency. Therefore, the

Matisse software utilizes the full system of ceramic powders in a

ceramic brand. This enables control over translucency, which is influ-

enced by its thickness.7–9 Also, it offers customized guidance on the

ideal thickness of the material in various areas, whether for infrastruc-

tures for layering or monolithic restorations intended for staining. It is

extremely important to give the correct information of thickness and

available space in each area of the restoration. This aspect is of

utmost significance, as material thickness can significantly differ

between tooth and implant-supported restorations, thereby

guaranteeing a natural esthetic and optimal fit of the final restoration.

In cases where more than one tooth is being replicated, an individual

recipe can be made for each tooth based on specific tooth thickness

available space and stump shade.

Also, it is important to highlight that dental technicians retain the

flexibility to choose their preferred framework material, even if it is

not listed among the software's available options. This customization

can be achieved through color adjustments of lightness and chroma

during the initial stages of baking, utilizing the Framework staining

feature as demonstrated in the presented case. This allows the use of

bleach shades as the framework base to enhance lightness and pro-

vides greater control over the color reproduction process.

Although the method was originally devised for analog laboratory

workflows, it seamlessly integrates into modern digital laboratory

practices. Dental technicians can enhance the efficiency of the resto-

ration design process through CAD/CAM technology by implementing

the recommended material thickness guidelines of the software.

Furthermore, during the ColorModel stage, the software suggests the

production of a 3D model, featuring a color range from ivory to A3,

along with a recipe for either Matisse flowable composite stains

(Labmatisse BV, Wijchen, The Netherlands) or Optiglaze (GC, Tokyo,

Japan) available through the Staining Studio option. This procedure

facilitates the simulation of working within the patient's precise color

environment, thus promoting comprehensive digital workflow integra-

tion. It signifies a notable departure from conventional methods

reliant on visual estimation or arbitrary material selection.1,2,11,14

Another noteworthy aspect was that the entire workflow was con-

ducted remotely, with information exchanged through a cloud-based

platform. This eliminated the need for a technician to directly observe

the patient, and the restoration was delivered without requiring a

ceramic try-in appointment.

Despite its innovative approach, the implementation of the soft-

ware is not without challenges. One of them is the shift in mindset

required from dental technicians, transitioning away from traditional

techniques and shade guides that have dominated the industry for

decades,14 toward a scientific approach based on color coordinates.23,24

F IGURE 14 Comparing the restoration after the first bake to the target tooth using the Color checker protocol.

10 AWDALJAN ET AL.
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While precision is one of its main features, this approach also introduces

the potential for operator errors to significantly impact the outcome.

Accurate utilization of the dental colorimeter and strict adherence to the

specified workflow are crucial for achieving the desired outcomes.30,32

Any deviation or incorrect application may result in suboptimal results,

highlighting the necessity for comprehensive training and mastery of the

technique. During shade-taking, it is imperative to position the colorime-

ter with the adjacent teeth supporting the overextended sides of the

cone, ensuring the correct confocal distance of the sensor to the tooth.

Patients should be instructed to position their tongue against the palate,

to prevent red colors from appearing behind the tooth, and to breathe

through their nose as much as possible, to minimize air moisture settling

on the device sensor. If the lateral teeth are misaligned with the tooth

being measured, a support should be used to stabilize the device and

adjust the cone distance for proper positioning.

Concerning the application of digital instruments for tooth color

assessment, the image acquisition protocol emerges as a critical con-

sideration.14,18 Variations in device type, light angulation-intensity,

and settings can yield distinct recorded values, a concern described

when employing digital photography techniques.23–28 In the pre-

sented case report, a dental colorimeter was utilized for color mea-

surement. This device, specifically designed for dentistry, exhibits a

repeatability <0.3 ΔE94 units,32 value below the human color percep-

tion threshold for detecting color differences on abrupt edges within

F IGURE 15 (A) Matisse iOS
App Staining studio. (B) The
staining recipe for middle and
incisal areas.

F IGURE 16 A silicone portioner (Smile Line, Saint-Imier,
Switzerland) is used to prepare the given ceramic paste recipes by
Matisse iOS App.

AWDALJAN ET AL. 11
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F IGURE 17 The Color checker protocol after baking, showing the color difference (ΔE94) values between the restoration and the target
tooth in the cervical, middle, and incisal parts.

F IGURE 18 The suggested enamel recipe by Matisse to finalize the restoration.

12 AWDALJAN ET AL.
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the dental color space.21 This underscores the reliability of the color

measurement provided by the equipment. Additionally, for a more com-

prehensive evaluation of the restoration, the technique can be comple-

mented in the final stages with color-calibrated digital images.25–27 This

allows for verification of accurate characterization, texture, translucency,

and scrutiny of the crown's morphology and finishing.28,29

The ultimate challenge in esthetic dentistry is achieving a restora-

tion that closely matches the color of the target tooth, particularly for

upper central incisors, recognized as one of the most challenging clini-

cal scenarios.23,24 In the case described, ΔE94 units of 0.87, 1.18, and

0.93 were recorded using the Color checker protocol for the cervical,

middle, and incisal thirds, respectively. These values closely approach

the threshold for detecting color differences of the ΔE94 color differ-

ence formula, set at 0.67 units.21 It is noteworthy that this formula

defines only one threshold for detecting color differences, unlike

other color formulas that establish thresholds for perceptibility and

F IGURE 19 The final color check protocol, showing color difference (ΔE94) values (cervical 0.87, middle 1.18, and incisal 0.93).

F IGURE 20 Final outcome of implant restoration on the Matisse
ColorModel.

F IGURE 21 Final outcome of implant restoration on the gypsum
model.

AWDALJAN ET AL. 13
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acceptability,22 allowing for a more comprehensive interpretation in

terms of human vision.

The Matisse software marks a substantial advancement in

esthetic dentistry.30 By harnessing the precision of modern colorimet-

ric tools and digital technologies, it provides a systematic and scientifi-

cally grounded approach to color reproduction. Additionally, it holds

promise for significantly reducing the need for corrections and

remakes, thereby enhancing the quality of dental restorations, and

ultimately improving patient satisfaction. As the dental market is chang-

ing and is focusing on more minimal layering and staining techniques, the

software on its option of Staining studio can adapt to the new reality of

laboratory workflow. Nonetheless, its widespread adoption and success

will likely depend on overcoming challenges related to training, adapta-

tion, and the incorporation of additional visual verification steps. Contin-

uous enhancements in user-friendliness, training protocols, and

integration with existing dental laboratory workflows will be pivotal in

realizing the full potential of this innovative approach.

4 | CONCLUSION

Within the limitations of this current case report, it was concluded

that the systematic method employing the Matisse software achieved

accurate color reproduction for a single central restoration supported

by an implant. This result was achieved by the dental ceramist within

the first attempt and without seeing the patient in the entire process.
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F IGURE 22 (A) Immediate
outcome following implant
restoration placement. (B) X-ray
displaying the final condition of
the case.

F IGURE 23 One-year follow-up after placement of implant
restoration.

F IGURE 24 One-year follow-up after placement of implant
restoration with the patient's smile.

14 AWDALJAN ET AL.

 17088240, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jerd.13300 by Felipe R

ondon - U
niversidade E

stadual Paulista , W
iley O

nline L
ibrary on [18/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



ORCID

Marat Wartanovic Awdaljan https://orcid.org/0009-0002-8718-

4502

João Carlos Roque https://orcid.org/0000-0002-9012-073X

Luis Felipe Rondón https://orcid.org/0000-0001-7427-1565

REFERENCES

1. Barão VA, Gennari-Filho H, Goiato MC, dos Santos DM,

Pesqueira AA. Factors to achieve aesthetics in all-ceramic restora-

tions. J Craniofac Surg. 2010;21(6):1954-1955.

2. Vichi A, Louca C, Corciolani G, Ferrari M. Color related to ceramic and

zirconia restorations: a review. Dent Mater. 2011;27(1):97-108.

3. Chu SJ, Mieleszko AJ. Color-matching strategies for non-vital disco-

lored teeth: part 1. Laboratory ceramic veneer fabrication solutions.

J Esthet Restor Dent. 2014;26(4):240-246.

4. Pop-Ciutrila IS, Ghinea R, Colosi HA, Dudea D. Dentin translucency

and color evaluation in human incisors, canines, and molars. J Prosthet

Dent. 2016;115(4):475-481.

5. He WH, Park CJ, Byun S, Tan D, Lin CY, Chee W. Evaluating the rela-

tionship between tooth color and enamel thickness, using twin flash

photography, cross-polarization photography, and spectrophotome-

ter. J Esthet Restor Dent. 2020;32(1):91-101.

6. Poggio CE, Ercoli C, Rispoli L, Maiorana C, Esposito M. Metal-free

materials for fixed prosthodontic restorations. Cochrane Database Syst

Rev. 2017;12(12):CD009606.

7. Lee WS, Kim SY, Kim JH, Kim WC, Kim HY. The effect of powder

A2/powder A3 mixing ratio on color and translucency parameters of

dental porcelain. J Adv Prosthodont. 2015;7(5):400-405.

8. Koçak EF, Uçar Y, Kurto�glu C, Johnston WM. Color and translucency

of zirconia infrastructures and porcelain-layered systems. J Prosthet

Dent. 2019;121(3):510-516.

9. Roque JC, Hermínio JL, Viegas D, Martins J, Santos L, Portugal J.

Translucency and color differences of polycrystalline ceramic mate-

rials before and after layering. Rev Port Estomatol Med Dent Cir Maxilo-

fac. 2023;64(1):3-11.

10. Souza LFB, Soares PM, Chiapinotto GF, et al. Effect of pigmentation

techniques on the fatigue mechanical behavior of a translucent zirco-

nia for monolithic restorations. J Mech Behav Biomed Mater. 2022;

134:105362.

11. Mclaren EA. Shade analysis and communication: 2010. Inside Dent.

2001;29(10):735-742.

12. Ishikawa-Nagai S, Yoshida A, da Silva JD, Miller L. Spectrophotomet-

ric analysis of tooth color reproduction on anterior all-ceramic

crowns: part 1: analysis and interpretation of tooth color. J Esthet

Restor Dent. 2010;22(1):42-52.

13. Corciolani G, Vichi A, Louca C, Ferrari M. Color match of two differ-

ent ceramic systems to selected shades of one shade guide. J Prosthet

Dent. 2011;105(3):171-176.

14. Tabatabaian F, Beyabanaki E, Alirezaei P, Epakchi S. Visual and digital

tooth shade selection methods, related effective factors and condi-

tions, and their accuracy and precision: a literature review. J Esthet

Restor Dent. 2021;33(8):1084-1104.

15. Paravina RD, Majkic G, Imai FH, Powers JM. Optimization of tooth

color and shade guide design. J Esthet Restor Dent. 2009;21(3):

205-208.

16. Bayindir F, Kuo S, Johnston WM, Wee AG. Coverage error of three

conceptually different shade guide systems to vital unrestored denti-

tion. J Prosthet Dent. 2007;98(3):175-185.

17. Li Q, Yu H, Wang YN. In vivo spectroradiometric evaluation of color

matching errors among five shade guides. J Esthet Restor Dent. 2009;

21(3):203-205.

18. Chu SJ, Trushkowsky RD, Paravina RD. Dental color matching instru-

ments and systems. Review of clinical and research aspects. J Dent.

2010;38(2):2-16.

19. CIE Pub. CIE Technical Report: Colorimetry. Vol 15. 3rd ed. CIE Central

Bureau; 2004.

20. CIE Pub. CIE Publication 116: Industrial Colour-Difference Evaluation.

CIE Central Bureau; 1995.

21. Rizzi A, Bonanomi C, Brazzoli S, Cerutti A, Kovacs-Vajna ZM. Asses-

sing appearance in human dental colour space. Comput Methods Bio-

mech Biomed Eng Imaging Vis. 2018;6(1):59-67.

22. Paravina RD, Pérez MM, Ghinea R. Acceptability and perceptibility

thresholds in dentistry: a comprehensive review of clinical and

research applications. J Esthet Restor Dent. 2019;31(2):103-112.

23. Hein S, Tapia J, Bazos P. eLABor_aid: a new approach to digital shade

management. Int J Esthet Dent. 2017;12(2):186-202.

24. Hein S, Modri�c D, Westland S, Tomeček M. Objective shade match-
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