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The VITA classical Al - D4 shade guide serves to accurately determine tooth shade. The arrangement of the shades in the VITA classical family of shades is as follows:Al - A4 (reddish-brownish), B1 - B4 (reddish-yellowish), C1 - C4 (greyish shades), D2 - D4 (reddish-grey) ConvenientThe handy shade guides enable precise tooth shade measurements in
just a few steps.FastUsing standardized shade samples, the tooth shade can be visualized very quickly for the patient.EfficientThe reference shade samples make it easy to check the shade fidelity of restorations. VITA classical A1-D4® shade guide Prod. no. G027C Easy download for multiple documentsDownload a .zip file containing all the selected
files in a single step.Simply tick the files then click here. Three Dimensions of Color: The 3D-Master Shade Guide uses color science to communicate information about the appearance of teeth with the three dimensions of color: hue, value and chroma (saturation). Value (lightness) describes overall intensity to how light or dark a color is. It is the only
dimension of color that may exist by itself. Chroma (Saturation) may be defined as the strength or dominance of the hue. On the outer edge of the hue wheel are the intensely saturated hues.Towards the center of the color wheel, no hue dominates and they becomes less and less saturated. Hue is described with the words we normally think of as
describing color: red, purple, blue, etc. Value (lightness) describes overall intensity to how light or dark a color is.It is the only dimension of color that may exist by itself. (Example: A black and white photograph is a one-dimensional rendition of a three dimensional object) Chroma (saturation) may be defined as the strength or dominance of the hue.
On the outer edge of the hue wheel are the Ipurel hues.Towards the center of the color wheel, no hue dominates and becomes less and less saturated. Hue is described with the words we normally think of as describing color: red, purple, blue, etc. It is also a term which describes a dimension of color we readily experience when we look at color. Do
you want to choose the ideal shade to reproduce a natural tooth? Take it slowly because it's not an easy task! To help you out and avoid making mistakes when making your choice, VITA has created the composite shade guide that will help you choose the desired shade. We will tell you how to choose the best composite shade with the VITA Classical
shade guide. In addition, we'll give you the best tips for choosing the shade that best matches the surrounding teeth and reveal the secret to making shade selection a super easy task. How can I choose the best composite shade with the VITA Classic Guide? With the Classical VITA colour guide there are 16 shades ranging from A1-D4, and you'll be
able to find the best shade for your dental restorations. The classification allows you to find the shade closest to the tooth and then define the brightness. 1- Shade The VITA guide colours are primarily organised by shades: Reddish-brownish: Al - A2 - A3 - A3,5 - A4 Reddish-yellowish : B1 - B2 - B3 - B4 Greyish : C1 - C2 - C3 - C4 Reddish-grey : D2 - D3
- D4 2- Brightness Within these shades, either A, B, C or D, the shades are classified by a number from the lightest, 1, to the darkest and most intense, 4. Thus, a shade Al will be a reddish-brown shade, just like shade A2, but the latter will be darker. 3- Choose the composite Once the shade has been determined, you can use the dental composite of
the defined shade. Many brands use the VITA classification system defined above. At Dentaltix, we particularly recommend the range of Tetric evoceram from Ivoclar Vivadent which offers very good quality composites with 16 VITA shades. Similarly, Gaenial composites offer a wide range of shades corresponding to VITA tones. Go further: find the
perfect composite shade with the Master 3D VITA guide. After several statistical studies on the natural shades of patients' teeth, the VITA brand has improved its colour chart. They realized that the previous colour chart only covered some of the white shades actually found in patients and that some of the colours on the chart were not commonly
found in patient's teeth. To do this, VITA created the Master 3D Colour Guide with 26 shades and three colour selection steps: identify the brightness group, find the saturation level and then find the color. 1- Identify the brightness group First of all, it is a question of identifying the brightness group. On the VITA 3D Master color chart, the
brightnesses are classified from the lightest (group 0, corresponding to the bleach colours) to the darkest (group 5). To do this, you can also use a black and white photo of the colour chart, this can make it easier for you to find the brightness group. Let's give an example to explain the whole process. Imagine that we have identified that for the tooth
we want to restore, the brightness group corresponds to group 2. 2- Find the Colour Once the brightness group has been selected, the color must be identified. Of course, teeth can have a yellow or red color. This is identified by the letters L, M or R in the light categories. L corresponds to yellow M is neutral R corresponds to red In our example, in
group 2 we look at whether the tooth's shade is closer to one colour or the other. Having a slightly pinkish shade, the tooth will correspond to group R. Thus, we have identified Group 2 R. 3- Find the intensity level The last step is to find the intensity level. Take out the intensities of the identified group. It's then a matter of checking the intensity from
1 to 3. To take our previous composite example, we just have to choose the intensity among the references of this group: it will correspond to intensity 2 for example. The corresponding shade is therefore 2R2. 4- Which composite should I choose once the colour has been determined? With the VITA Master 3D colour guide, you can now accurately
determine the natural colour of your teeth. To then choose the best composite, the guide gives you the exact composition of the composites to be applied. Indeed, the guide provides a precise mathematical definition of tooth shades and gives you the opportunity of mixing them together. View Vitapan 3D Master Colour Guide! Tips to determine the
color of the composite without equipment Whatever your colour chart is, here are some tips to avoid skewing the colour selection: Make sure to perform the test under neutral light, ideally in daylight. Try and use a neutral environment, avoiding make-up, lipstick, and brightly coloured clothing. Choose quickly: in case of doubt, always prefer the first
option because after 5 to 7 seconds, the eye gets tired. Perform this test before preparation because the color of the tooth after dehydrogenation becomes too white. Consider adjacent teeth and their color. Do not forget to disinfect the colour chart before and after each use. VITA Easyshade® V Spectrophotometer A spectrophotometer is an
instrument that supports spectrophotometry to measure the amount of light intensity absorbed after passing through a sample solution. VITA has developed the Easyshade® V Spectrophotometer which quickly, accurately and reliably detects the colour of both natural and ceramic teeth. In other words, Easyshade technology digitally determines the
tooth colour. Here are the advantages of this device that will simplify the work of colour selection in your daily clinic work. We will tell you now that with this instrument you will be able to plan whitening, choose the right composite for direct filling treatments of CAD/CAM and veneering materials, as well as prosthetic teeth. Determines the tooth
colour accurately and quickly Indication of bleached shades according to the ADA standard. Ergonomic design and intuitive handling. It has a bright OLED touch screen. Long-lasting battery life Bluethooth interface for wireless communication, using VITA Assist PC software. Practical VITA Mobile Assist application. View Easyshade V! VIDEO: How is
the VITA Easyshade V spectrophotometer used? That's it for our article on the selection of the vita shade guide. What did you think? Did you like our tips? Choosing the best composite shade with the VITA Classical shade chart is not easy, that's why we're giving you recommendations to make your treatments efficient and keep you updated on all the
new devices that come on the market and help you to be more efficient every day. Don't miss our latest blog articles where we tell you all the latest news in the dental sector: products, new brands and much more. Also, if you have any questions, don't hesitate to contact us and we'll be happy to help you. And if you want more, visit our Youtube
channel and our social networks where you will be kept up to date with everything. Don't miss anything! See you soon! :) The VITA classical is the most commonly used shade guide. It has 16 natural tooth shades.55 The manufacturer-recommended sequence for shade matching includes the following 4 steps:1Steps to Shade Selection using the VITA
Classical Shade Guide (1)There are four hue categories (A, B, C, and D) in the Vita Classical shade guide.1 Shade tabs denoted by the letter A have a reddish brown hue; the shade tabs denoted by the letter B have a reddish-yellow hue; the shade tabs denoted by the letter C have a greyish hue and the shade tabs denoted by the letter D have a
reddish-grey hue.4,7,28 Thus all the shade tabs that are marked with the letter A including shade tabs A1, A2, A3, A3.5, and A4 will have the same hue. The same holds for all the shade tabs marked with letters B, C, and D.Fig. 22 - The shade guide is held in position for hue selection. Fig. 22 - The shade guide is held in position for hue selection.When
selecting the hue, the entire shade guide is held above (for mandibular teeth)/below (for maxillary teeth) the tooth of interest (Fig. 22) and moved from left to right. The hue that is closest to the tooth/teeth of interest is selected. If the intensity of chroma on the natural tooth is low, it becomes very tricky to select the proper hue. In that situation, the
area of the tooth with the most intense chroma is used for the hue selection.Step 2: Chroma selectionAfter selecting the hue, the next step involves choosing the appropriate chroma.1l For example, if a B tab is selected for the hue, then chroma is selected from the four gradations within the B tabs: B1, B2, B3, and B4 (Fig. 23a).1 Several comparisons
are usually necessary to determine the most appropriate hue and corresponding chroma (Fig. 23b). The practitioner should reset his/her eyes by looking at a neutral gray surface/object if the process is taking longer than 5-7 seconds.1 Fig. 23a - Gradations of chroma within the B-shade tabs Fig. 23b - Shade tab with the most optimal hue and the
corresponding chroma is selectedStep 3: Value selectionThe value should be selected by using a value-oriented shade guide with shade tabs arranged in order of increasing darkness.1 A value-oriented shade guide is created by arranging the shade tabs of the Vita classical shade guide in the following order: B1 (lightest), followed by Al, B2, D2, A2,
C1, C2, D4, A3, D3, B3, A3.5, B4, C3, A4, and lastly C4 (darkest) (Fig. 24).56 Fig. 24 - Shade tabs arranged in order of increasing darknessThe value-oriented guide is held above (for mandibular teeth)/below (for maxillary teeth) the tooth of interest and moved from left to right. The practitioner can then select the shade tab that matches the value of
the natural tooth. The value should be determined by observing the guide and teeth to be matched from a distance (by standing slightly away from the chair) and squinting.1 Squinting reduces the amount of light reaching the eye thereby increasing the sensitivity of the retinal rods (and decreasing the stimulation of the retinal cones).1 Additionally,
black-and-white images may be used to verify the selected value (Fig. 25).Step 4: Final Check In this step, the practitioner should verify that the selected hue, chroma, and value are aligned with each other to create an aesthetically pleasing restoration. However, there may be instances when the tabs selected for hue and chroma may not coincide
with the shade tab selected for value, this will require that the whole process be repeated from the beginning.Fig. 25 - A black and white image is used for verifying the selected value.Note:The selected shade tab appears lighter (has a higher value) than the reference tooth. Fig. 25 - A black and white image is used for verifying the selected
value.Note:The selected shade tab appears lighter (has a higher value) than the reference tooth. The area comprising the natural tooth shades is just a small section within the entire color spectrum, however, it provides its own world of color based on the factors of lightness, chroma and hue.The VITA classical A1-D4®system is a basic solution that
offers 16 natural tooth shades and one that has been internationally established for decades. The VITA SYSTEM 3D-MASTER®, which offers 26 natural tooth shades, has also been used successfully around the world for many yearsand reproduces all known natural tooth shades systematically in the scientifically developed tooth color space. As a
library, NLM provides access to scientific literature. Inclusion in an NLM database does not imply endorsement of, or agreement with, the contents by NLM or the National Institutes of Health. Learn more: PMC Disclaimer | PMC Copyright Notice This study aimed to compare a composite resin (Duo-Shade) shade guide with Vita ceramic shades
before/after chemical and autoclave sterilization. Color values (L*a*b*) were recorded directly from shade tabs of prefabricated composite resin (Brilliant NG Universal Duo-Shade) and ceramic (Vita classic) shade guide with a calibrated spectrophotometer (Vita Easy Shade Advance 4.0). Seventy-two composite resin disk samples with 6 different
shades (A1/B1, A2/B2, A3/D3, A3.5/B3, A4/C4, and C2/C3) (n=12 each) were divided into 2 groups (Gp) - Gp A (Autoclave) and Gp C (Chemical) (15 cycles) - to assess their influence on respective shades. Mean values calculated the color differences (AE) while differences in color values (L*a*b*) were graded on the National Bureau of Standards
(NBS) 6-grade scale and assessed for Clinical Acceptance/Perceptible Threshold (CAT), (CPT). All differences were considered significant if the color difference AE was =3.3. Only 2 out of 12 Shade tabs (C2C3, A4C4) of composite resin matched to Vita shade tab C2 and C4 (AE =3.3). Both groups showed notable color differences after respective
sterilization protocols, with color differences in Gp A significantly higher than Gp C (AE =3.3). Within groups, all shades in Gp A showed remarkably different color changes, with shade C2C3 and A1B1 being denoted as clinically unacceptable. Manufacturer-provided shade guides do not match ceramic shades as claimed and chemical sterilization
using 10% Deconex was associated with less color changes than with autoclave sterilization.Keywords: Ceramics, Color, Composite Resins, Nanocomposites, Sterilization Specific skills to apply the knowledge of dental material sciences into clinical application ensures successful, long lasting, and comprehensive esthetic treatment results. The ban on
dental amalgam in many Scandinavian countries [1] increased the demand for tooth-colored restorative resins which had revolutionary advances in resin particle sizes (Nano), filler size/type, loading, and clinical techniques [2]. Despite the availability of a vast commercial product range of composite resin with improved optical properties (color,
translucency, opalescence, fluorescence) and improved mechanical properties [3], dentist dissatisfaction with composite shades from provided (prefabricated) composite shade guides (CSG) has also been widely reported [4]. Shade discrepancies are especially common between completed restoration shade (polymerized) and the reciprocal shade on
the shade tab after finishing/polishing. Shade matching not only involves an understanding of color science and surface characteristics, but more importantly one must understand the limitations of the human eye and the restorative materials used. Polychromatic tooth structure, difficulty of the human eye to match shades, the effect of the
background, and the light under which a shade is observed add to the complexity of shade matching. The color of a completed composite restoration has been reported to be influenced by a wide range of extrinsic and intrinsic factors. Factors affecting shade matching that are likely to be neglected in clinical practice include geometric attributes
(gloss, haze, contrast ratio) [5], surface finish/polish [6], background color base (transmitted/reflected/opaque/artificial) [7], method of selecting shade (accurate versus inaccurate) [8], shade guide representing tooth colors accurately, and consistent designations of shades within/between various composite brands [9]. Shade mismatch between the
composite brand and its supplied CSG led to the development of new clinical techniques (e.g., incremental layering technique, interposing glycerin gel between enamel and dentin) [10,11] and distributed enamel and dentin composite shades/shade guide tabs [12]. The present dental composite global market ($24.7 million USD) is predicted to double
($59 million USD) by the year 2031 [13], and a bigger diversity in different composite products and their respective shade guides has already been created, which has led to confusion among practicing dentists [14,15]. These authors have concluded that the manufacturer’s shade guides lack total shade representation of natural teeth, which is based
on the view that each tooth has a wider shade distribution within different layers (enamel, dentin and restorations). The discrepancy between composite restorations and their respective CSG was also linked to shade guides being made of different material and thickness than the marketed composite [16]. With patients returning to replace the
restorations, citing shade discrepancy as a main reason, many authors concurred, preparing and using a customized CSG from the same composite material [17]. Advantage of individually fabricated shade guides of composite resin restoration includes the shade guide being of the same material (lot, brand, specification, manufacturing date, storage),
and the possibility to create more clinical shade options by varying different characteristics (thickness, surface structure, glaze) [18,19]. The drawbacks of such an approach included material wastage, time consumption, and durability of shades in terms of routine and regular disinfection of customized shade tabs. Composite restoration kits that
provide respective CSG and those clinicians who have improvised to customize their own shade guides represent just a small percentage of this problem. The large majority of the composite manufacturers do not supply any CSG, but instead rely on using the Vita (classical) shade guide as a standard for instilling various shades within the commercial
product [20]. The communication between the manufacturers and the clinicians for composite shades is dependent upon trust in the Vita ceramic guide system, despite the fact that Vita shade guides are made of dental porcelain with different optical properties than composite. However, the durability of the vita classical shade guide standard can be
gauged by the fact that there have been few changes (mostly in arrangement and increased number of vita shades, from the previous 16 shades to the current 26 plus 3 bleach shades in the Vita 3D master shade guide) in the Vitapan classical during the last 50 years [21]. The Vita classical shade guide was introduced in the year 1927 (Vita Zahnfabrik
in Bad Sackingen, Germany) and continues to be the most globally accepted and used shade guide, mainly because of its reliability to match natural tooth colors and their varied shades [7,9]. Clinical determination of color/shade selection has been traditionally visual, which although being subjective in nature has been considered precise, especially
with experienced clinicians [20]. A major concern with composite manufacturers has been the lack of a standard resin composite shade nomenclature in the literature [22]. As a result, the current picture of CSG is that they do not match the restorations they represent [20]. Various tactical claims by manufacturers in that their composite/acrylic resin
color corresponds to ceramic color standards [23] have been found to be dissimilar to Vita shades [18,24]. To meet the demands of clinicians and patients, many brands (eqg, Inspiro, Miris2) have developed prefabricated anatomic laminate shade guide/tabs (dual-shade) that present an underlying dentin with an overlying layer of the corresponding
enamel. A composite resin dual-shade guide has an enamel layer that overlies the layer of dentin, with both having different shades, thus mimicking the natural tooth. While this new approach allows direct visual comparison with enamel or dentine, the operator still has to decide what thickness of each layer will be appropriate to obtain the desired
shade. With advances in sensitive color-measuring instruments like colorimeters/spectrophotometers and rigorous standards in visual acceptable threshold (VAT) and visual perceptible threshold (VPT) [25], clear guidelines [National Bureau of Standards (NBS) unit for critical remarks of color differences] [22,26] have been established that determine
a composite shade to be clinically acceptable or not. In the last 23 years, since the turn of the century, there have been more than 60 epidemics reported, with COVID-19 being the biggest and the deadliest [27]. Infection control has now become a serious and a major criterion of patient and personal safety. A large number of varied microorganisms
inhabit the oral cavity, many of which are potentially lethal and can spread rapidly through contact. Periodontal bleeding can occur on touch from a probe, thus exposing blood, while saliva harbors a wide variety of bacteria and viruses. To minimize cross-infection while treating dental disease, strict infection control is mandatory, which usually
achieved by sterilization or disinfection. Autoclaving is considered the standard for achieving complete sterilization of dental instruments, while many other instruments and materials cannot be autoclaved and therefore rely on surface disinfection with chemical sterilizers (phenols, iodophors, and chlorine containing compounds). All shade guides
have been keyed as a non-critical instrument [28] in guidelines with infection control, but because they come in contact with the patient’s skin/mucosa, they are considered contaminated. In addition to the above-mentioned likely neglected factors that affect shade selection in composites, routine clinical use of CSG tabs (prefabricated or custom made)
causes color changes after certain cycles of sterilization or disinfection. For any shade-selection procedure, it is mandatory to keep the shade tab under the patient’s lips and close to the natural teeth so as to determine the shade difference. Since each shade tab has to be put into the oral cavity, sterilization of the shade guide is mandatory.
Sterilization procedures (chemical and autoclave) may be one of the main reasons for altered shades of CSG, which eventually cause shade mismatch, since the CSG does not represent the shade that it actually should; which may also spare the manufacturers from being criticized for not providing correct shades. A recently introduced second-
generation nanocomposite resin system [Brilliant™ NG Universal Duo-Shade (Coltene Altstattan, Switzerland)] has introduced a new Duo-Shade system that claims to obtain 2 different vita shades from a single syringe (after 24 h of curing). The manufacturer provides 6 syringes (tones) (A1/B1, A2/B2, A3/D3, A3.5/B3, A4/C4, and C2/C3 for enamel and
dentin each) that claim to cover an overall 12 different vita shades in the Vita classical shade guide system. The manufacturer provides 2 different prefabricated shade guides [shade A1/B1, A2/B2, A3/D3 having 8 tabs and shade A3.5/B3, A4/C4 and C2/C3 (enamel/dentin) having 6 shade tabs]. This approach of 2 shades within a single syringe and 2
different shade guides is novel and may overcome the drawbacks of the layering technique. This study intends to investigate whether the individual shade tabs of this composite resin system correspond to their respective vita classical shade tabs and whether the shades were compatible with the infection control measures (chemical and autoclave)
the manufacturer recommends. We hypothesized that being 2 different materials (ceramic and plastic), the CRS will not correspond to that of vita classical shade guide and that both sterilization protocols will alter the shade over time. Alternately, the null hypothesis would state that there should be no differences between the composite and
corresponding vita shade guide tabs, and that 15 cycles of the 2 sterilization methods would not change the color of the shade tabs. Therefore, this study aimed to compare dual-shade composite resin shade guides with vita ceramic shades following chemical sterilization and autoclave sterilization. Academic practices and policies of the college and
the affiliated university require all research projects have to be approved by the concerned ethics authority before commencing. Therefore, this study was duly approved by the Ethics Committee of the College of Dentistry at the Jazan University under Ethics Committee reference number CODJU - 2214F. This in vitro study used an experimental
comparative approach, which was conducted during the first quarter of the year 2023. The study was designed in 2 different sample/measure stages. The first sample measure involved a direct comparison of shade guide tabs, while the second sample measure required preparation of testing samples according to specifications followed by intervention
in the form of 2 different sterilization protocols followed by measuring the color differences. “Shade” was operationally defined for this research project as a term that describes a particular hue or variation of the primary hue, such as a bluish shade of green color. “Shade guide” is a term that will define a set of simulated teeth (prefabricated or
custom made) used to select a particular shade for a restoration. “Shade tab or tab” is a term that describes a material strip that is attached to or projecting from a holder and is used for identification and to provide information about the color of the product. A shade guide may have multiple tabs categorized according to shades, brightness, or hue.
Calculated sample size for both measures was based on a power analysis [power of 0.8 at a significance level of 0.05 (=0.2)] [29]. The sample size for both measures was decided accordingly to be 6 samples for each shade tab irrespective of the number of shades present in a shade guide. The 2 shade guides used for comparison of color differences
were that for a direct composite (Brilliant™ NG Universal Duo-shade, Coltene Altstattan, Switzerland) against the standard vita classical (VITA Zahnfabrik H. Rauter GmbH, Germany) shade guide (specifications and features in Table 1). The composite kit had 2 shade guides (shade A1/B1, A2/B2, A3/D3 having 8 tabs and shade A3.5/B3, A4/C4, and
C2/C3 having 6 shade tabs). For vita classical shade guide, 2 tabs from 6 different shade guides (less than 1 year of exclusive research usages) that would correspond to the respective shade tabs of CSG (Al, A2, A3, A3.5, A4, B1, B2, B3, C2, C3, C4, D3) were collected for comparison. All vita shade guides/tabs were cleaned and sterilized by chemical
disinfection as per the manufacturer’s recommendations. Test material with distribution of groups according to sterilization method. Product Specifications Features/applications Test Material Brilliant™ NG Universal Duo-shade (Coltene Altstattan, Switzerland)(Lot: 155330) Resin component (TEGDMA, BIS-EMA) Inorganic filler (Amorphous silica)
Photo Pre-polymerized and Nano particulate Particle size - average 0.6 mm (range 0.01-2.5 mm) Curing time 30s/40s (Shade based) Light cured (Visible light) Duo Shade Concept (2 Vita Shade*/Syringe) Direct restoration (Class I, II, III, IV, and IV)# Repair of composite/ceramic veneers Two prefabricated shade guides Standard Vita classic shade
guide (VITA Zahnfabrik H. Rauter GmbH, Germany) Four color group (A, B, C, D)/Subgroups 1 to 4 Based on hue - red and brown in group A, red and yellow in group B, gray in group C, and red and gray in group D. Select shade in natural daylight or using standardized daylight lamps (5500-6500K) Autoclaved at a temperature of 132-135°C/270°F
Group A Steam Autoclave (Tuttnauer Model T-Max-10; SN-14060015) Temperature - 135°C Pressure - 313 KPa Duration - 27 minutes Diagnostic In/Out test Sterilization Temperature (105-138°C)/Disinfection/Isothermal Temperature (70-95°C) Load Tracing with Barcodes Test Cycles (Bowie Dick/Helix for steam penetration and Leak test to check
vacuum integrity) Group C Chemical Sterilizer: Deconex, (Borer Chemie AG, Switzerland)Lot: 128745) 1200 PPM of Peracetic acid with Surfactant Compounds (sodium tetradecyl sulfate) Minimum Inhibitory Concentration (MIC) - 9.77 mg/L Minimum Bactericidal Concentration (MBC) - 78.13 mg/L Basic compound biocidal agents (10%) High-level
disinfectant to sterilize reusable medical devices The specimens for the experimental procedure were made up of the material direct composite restoration kit (Table 1). A hollow cylindrical mold (polytetrafluoroethylene) (10 mm outer and 8 mm inner diameter) with vertical height of 4 mm was used to standardize the samples. The thickness of the
specimens was based on the thickness of standard thickness of vita shade guide tabs (3.5 to 4 mm). A clear glass plate was used on one side to standardize the base or the non-testing surface [30]. For each specimen the respective cartridge of the composite kit was packed into the mold using a gold-plated composite packing instrument followed by
covering the top surface (testing) with a Mylar strip over which a glass plate was placed. Excess material at the top was extruded by placing a weight of 1 kg for 30 s. The glass plate on either side allowed light curing to be done for each increment both from above and from bottom. Light curing was accomplished by a light curing unit (Dentsply QHL
75 Model No 503; SN. 503-20865; Dentsply Caulk Milford USA) (intensity setting of 400 mW/cm?2) for 30 s (Dentin/enamel A1/B1, A2/B2, A3/D3) and 40 s (Brilliant NG Dentin/enamel A3.5/B3, C2/C3, A4/C4) depending upon the shades, as recommended by the manufacturer. A radiometer was used to verify the output of the curing unit. The head of
the light curing unit was kept at a standard distance of 1 mm away from the glass slide, with standardization achieved by a rubber stopper (1 mm) attached to the surface of glass slides. Once samples were cured, they were removed from their respective molds. Finishing of each specimen was carried out as per manufacturer’s recommendations,
which was a 3-stage procedure: coarse finishing, followed by fine finishing (40 pym and 15 pm diamond), and finally polishing (Diatech Composite polisher). A standard speed of 5000 to 15 000 rpm was followed as per recommendations. Each specimen was marked with a notch on the sides of the bottom surface. The samples were then stored at room
temperature in light-proof containers for 24 h before testing for color parameters. A total of 72 samples (Sample/Measure 2) (4 mm thick composite resin disks) fabricated from 6 different shade tones (A1/B1, A2/B2, A3/D3, A3.5/B3, A4/C4 and C2/C3) with each tone represented by 12 samples each, were divided into 2 experimental groups (Gp) - Gp A
(autoclave) and Gp C (chemical) - based on the sterilization protocol. After recording the baseline color values (CIE L*a*b*), the specimens in both groups were subjected to their respective cycles of sterilization. For specimens in Gp A, a steam autoclave (Tuttnauer Model T-Max-10; SN-14060015) at the manufacturer’s recommended temperature
(132°C/270°F), pressure (313 KPa) and time (27 min) followed by drying was performed for each cycle (15 cycles) with a gap of 24 h. For specimens in GP C, the resin disks were liberally sprayed with Deconex solution (lot: 128745, Borer Chemie, Switzerland), followed by wrapping in an airtight container for 3 min. Handling of materials followed
strict adherence to infection control measures and manufacturer’s recommendations. Color value measurements were standardized by measuring with a spectrophotometer (SPM) (Vita Easy Shade Advance 4.0, Model Number: DEASYAS4, VITA Zahnfabrik H. Rauter GmbH & Co. Germany). To minimize variations due to changing positions of SPM, an
index (silicone) that had an opening which corresponded to SPM tip diameter was used for both samples/measures (1 and 2). All shade tabs/specimens were centered using gradations so that the middle portion of the shade tab/specimen would be in line with the SPM tip. To minimize the effect of external light/illuminant and background, all
measurements were made in a calibration box (0 calibration standard) that provided a white background. Before measuring color of shade tabs/specimens on each day (baseline and 15 cycles), the SPM was calibrated with its supplied tool and instructions. Each color measured was expressed in values according to the CIELAB parameters (L*, a* and
b*) where L* is lightness/darkness (100/0: completely white/completely black), a* (red-green) and b* is yellow-blue chromatic coordinates. Values for coordinates a* and b* can be either positive (+) or negative (—), with positive values representing the color more towards red (a*) or yellow (b*) shade and a negative value indicating more towards
green (a*) or blue (b*) [a*=green (—a), and red (+a) axis, and b*=blue (—b), and yellow (+b) axis] [31]. For both samples (1 and 2), an average was calculated from 3 measurements for each coordinate. For sample 1 (prefabricated composite shade guide corresponding to vita classical shade guide), mean (average) values and standard deviations were
obtained for each shade tab in both shade guides (3 independent measurements) of CIELAB values (L*, a*, b*). The differences of each value for each corresponding shade guide were expressed as delta E (AE), which was calculated according to the equation [31,32]: AE=[(L1-L2)2+(al-a2)2+(b1-b2)2]1/2,which yields AE=[(AL)2+(Aa)2+(Ab)2]1/2
Where L1, al, and b1 represent color values of one shade and L2, a2 and b2 that of the other shade guide tab [11]. For measure 2 (differences between Gp A and Gp C), the differences for each CIELAB color value (L*, a* and b*) were calculated in terms of differences between baseline and the value of the color values obtained on the particular cycle
(day 1, day 2.... Day 15). Each difference in color value (AL*, Aa*, Ab*) was obtained from corresponding differences (L*1-L*2, al*-a2*, b1*-b2*), which were the differences between time periods (day 1 and day 2) [7,8,11]. The overall difference in color AE was then calculated using the equation mentioned above. This delta E* represented the
magnitude of color difference between each specimen without indicating the direction towards which the color differed. Various levels of differences for each color coordinate (AL*, Aa*, Ab*) were denoted using National Bureau of Standards (NBS) unit for critical remarks of color differences [(0.0 to 0.5 - almost the same); 0.5 to 1.5 - slightly
different; 1.5 to 3.0 - perceivably different; 3.0 to 6.0 - remarkably different; 6.0 to 12.0 - extremely marked different; =12.0 - different color)] [26,31]. For verifying the clinical significance of obtained magnitude of color differences (AE) on the clinical acceptability/perceptibility threshold (CAT/CPT), a value of AE less than 1 was considered as not
appreciable, between 1 and 3.3 or less as appreciable by skilled operators only and therefore clinically acceptable, while more than 3.3 could be appreciated by anyone (layman) and therefore was clinically unacceptable [32]. The mean values with standard deviations of measured color (L*, a* and b*) for 6 different shades of CSG as marketed by the
manufacturer and the corresponding color coordinate values for each individual corresponding shade (A1, A2, A3, A3.5, A4, B1, B2, B3, C2, C3, C4, D3) tab of the vita classical shade guide are shown in Table 2. The color coordinate L* which represents the value (brightness/darkness) was found to be highest in shade A1B1 for CSG (M=74.10%+1.39),
which was lower than the corresponding A1 (M=79.53+2.29) and B1 (M=79.42+1.29) on the vita shade guide. For coordinate L*, shade C2 (M=70.10£2.59) and C4 (M=64.91+1.71), used in CSG tab C2C3 and A4C4, were the only 2 shades whose mean values corresponded to the vita shade values [VC2 (M=70.67+1.57) and VC4 (M=64.06+1.29)]
(Table 2). For color coordinate a* (red-green) and b* (blue-yellow), the values between the 2 shade guides corresponded, although the direction in CSG shade tabs did not match that of vita shades. The values for color coordinates a* indicate that the composite shade tabs A2B2 (M=1.10+0.35), A3D3 (M=-0.25%0.09) and A3.5B3 (M=1.49+0.78)
were more towards red. For color coordinate b*, CSG shades A1B1, A2B2, A3D3, and A3.5B3 were more towards yellow than the corresponding vita guide. Composite shade A3.5B3 demonstrated highest values for color coordinate b* (+) (M=35.10%+2.41). The magnitude of color differences as expressed in the NBS standard units demonstrated that
color values of shade C2C3 and A4C4 matched closely to the corresponding vita shades (C2, C3 and C4) with slight differences from vita A4. On the NBS unit scale for color differences, the values for CSG C2C3 (AE=0.47 with vita C2) and A4C4 (AE=0.36 with vita A4) were only found to be less (AE=0.5), which denotes the shades to be same. At the
same time, these 2 composite shades (C2C3 and A4B4) were found to be perceivably different (AE=1.5 to 3.0) on the NBS unit scale for vita shade A4 and C3. The remaining composite shade guide tabs (A1/B1, A2/B2, A3/D3, A3.5/B3) with values for AE ranging between 3 to 6 (NBS units) were denoted as remarkably different from the corresponding
vita shades. On the clinical acceptance/perceptible threshold composite shades, A1/B1, A2/B2, A3/D3, A3.5/B3 had color difference score (AE =3.3) with their corresponding vita shades and were denoted to be appreciable by anyone (layman), which is considered clinically unacceptable, while composite shade C2C3 and A4C4 had color difference
values (AE =0.5) against corresponding vita shades C2 and C4, which denotes similar shade or no color difference on the scale. The color difference (AE) of these 2 shades with corresponding vita shade C3 and A4 was denoted clinically acceptable since the differences can be perceived only by skilled operators (AE=1.0 to 3.3). Mean and standard
deviation for CIE color coordinates for L*, a* and b* values and their relative degree of color differences (AE) between stock Composite shade guide and Vita Classical shade guide tabs. Shade guide Shade tabs (CIE) L* (CIE) a* (CIE) b* Differences in mean AE Brilliant NG Universal Duo-shade Shade A1B1 74.10+1.39 —1.20+0.19 19.87+1.52
VA1=4.96 (0.6) *** ## VB1 = 4.06 (0.8) *** ## Shade A2B2 70.08+2.06 1.10+0.35 24.38+1.81 VA2=4.13 (0.3) *** ## VB2 = 5.23 (0.2) *** ## Shade A3D3 70.10%+1.43 —0.25%+0.09 28.02+1.29 VA3=5.82 (0.3) *** ## VB3 =3.86 (0.7) ** ## Shade A3.5B3 67.10+1.38 1.49+0.78 35.10+2.41 VA3.5=4.23 (1.2) *** ## VB3 = 5.32 (0.4) *** ## Shade
C2C3 70.10£2.59 1.52+0.6 16.45+1.66 VC2=0.47 (0.1) (NS) VC3 = 1.71 (0.6) ** # Shade A4 C4 64.91+1.71 1.68%+1.15 18.08+1.55 VA4=1.6 (0.2) ** # VC4 = 0.36 (0.3) (NS) Vita classical Shade VA1 79.53+2.29 —1.71+0.78 15.59+1.39 - - Shade VA2 75.14+1.72 —0.30%+0.23 17.49+1.25 - - Shade VA3 75.16%+1.77 —1.86+0.46 18.72+0.77 - - Shade
VA3.5 71.32+2.46 1.33+0.20 20.20%1.45 - - Shade VA4 67.09+1.62 1.78+0.62 21.39+2.41 - - Shade VB1 79.42+1.29 1.66+0.27 13.25+1.78 - - Shade VB2 75.86+1.46 —1.82+0.59 16.73%+1.37 - - Shade VB3 73.89+1.4 0.87+0.30 23.24+1.74 - - Shade VC2 70.67%x1.57 —0.67%+0.27 15.27+1.65 - - Shade VC3 67.64+1.45 —0.23+0.08 16.28+2.26 - -
Shade VC4 64.06+1.29 1.12+0.11 17.56%1.14 - - Shade VD3 72.44+1.10 0.75%x0.20 15.91+1.51 - - The ability of composite shade tabs to maintain their original shades after 15 cycles of autoclaving and chemical sterilization is presented in Table 3. Overall results indicate that composite resin samples in Gp C showed less changes in the magnitude
of color differences (AE =3.3) than the samples in Gp A. All shades in Gp A (within the group) demonstrated a significant change in color values (L*, a*, b*) immediately after the first cycle of autoclaving, with highest changes being observed in shade C2C3 (AE=1.84) on the first cycle (Figure 1). The shade samples that had the least changes at the
first day were in Gp C [C2C3 (AE=0.23)] (Figure 2). On the NBS unit scale for color differences, shade A3D3 in GpC denoted perceivably different color changes (AE=1.5 to 3.0) between the 3rd and 12th cycles of chemical sterilization, which later increased to remarkably different (AE=3.0 to 6.0) between 13th and 15th cycle (Table 3, Figure 2). On
the contrary, all shade samples in Gp A were denoted to have remarkably different shades (AE=3.0 to 6.0) in early autoclave cycles, with shade C2C3 showing such a change at the first cycle of autoclave sterilization. On the CAT/CPT scale for color difference, the shade tab A1B1 and C2C3 showed color difference values that were clinically
unacceptable (AE =3.3) (Figure 1). Comparative differences in magnitude (mean) of color value (AE) calculated from CIE color coordinates (L*, a* and b*) for duo-shade composite between Group C (Chemical Disinfectant) and Group A (Autoclave). Cycles Shade A1/B1 Shade A2/B2 Shade A3.5/B3 Shade C2/C3 Shade A4/C4 Shade A3/D3 Days Gp A Gp
CGpAGpCGpAGpCGpAGpCGpAGpCGpAGpC10.470.79%0.55* 0.66* 1.11%# 0.97* 1.84*¢# (0.23 0.39* 0.39 1.35*# 1.35*# 2 0.48 0.80* 0.55* 0.66* 1.11*# 0.97* 2.53**# 0.23 0.39* 0.39 1.35*# 1.35*%# 3 0.46 0.78* 0.57* 0.66* 1.15*# 0.97* 3.33***## 0.23 0.37* 0.33 1.59%# 1.62%*# 4 0.70* 0.77* 0.56* 0.60* 1.29%# 0.95* 3.82*<## 0.23
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4,610 FH# 0.82% 2.44%F4 0.97* 3.24%k4 3 12%# Graphical presentation showing comparative differences in mean delta values AE within the composite shade tabs in group A (autoclave disinfection). Figure created using MS Excel sheet, version 20H2 (OS build 19042,1466), Windows 11 Pro, Microsoft Corporation). Graphical presentation showing
comparative differences in mean delta values AE within the composite shade tabs in group C (chemical disinfection). Figure created using MS Excel sheet, version 20H2 (OS build 19042,1466), Windows 11 Pro, Microsoft Corporation). This in vivo study was conducted to verify the tactical claims of a composite resin system with first-time introduction
of 2 shades (dual shades) available in 1 dispensing cartridge. Besides assessing the validity of these claims, the study also investigated that whether these composite shades would maintain their inherent shades over 15 cycles of either chemical or autoclave sterilization. The first null hypothesis that there would be no difference between the 2
inherently different materials (ceramic and resin) was rejected because the results showed that except for partial matching of shades C2C3 and A4C4 with corresponding vita shades C2 and C4, all color parameter coordinates (L*a*b*) and the respective color differences (AE) were significantly different on NBS unit scale of color difference and
clinical acceptance/perceptible threshold. The second null hypothesis, which stated there would be no color changes in the composite resin shades after 15 cycles of sterilization was also rejected since both sterilization protocols caused distinct color changes after 15 cycles, most of which were significant, but at different times and degree of changes
(intensity). However, color changes in Gp C were within the normal ranges of acceptability and perceptibility except for shade A3D3. The results of this study show that autoclaving as a means of sterilization of the shade guides causes significant color changes that could lead to errors in making shades. Restorative dentistry encompasses art and
science, the success of which largely depends upon the ability to impart symmetrical restorations in terms of shape, size, color, and texture, which when combined together contribute the aesthetic and functional results [33]. Among various less investigated factors that affect accurate shade matching is an accurate representation of tooth shades by
the shade guides. This study investigated 2 aspects of accurate representation by a CSG: (1) ability to simulate the corresponding vita shades and (2) ability to maintain such representation after repeated chemical and steam sterilization cycles. Measurements were made using a spectrophotometer whose reliability and validity in measuring color has
been found to be high, but the color measurements may differ depending upon the geometry and the light source [34]. To minimize errors due to geometrical variations, the samples in this study were kept flat and we used the box (zero calibration) to minimize errors in the background and illuminants. A general disagreement on threshold color
difference levels exists, largely on the difference value (AE) being either 3.3 or 3.7. Since this study assessed whether the color differences at each cycle were significant or not, a more sensitive measurement (National Bureau of Standards unit for color differences) was also used since it allows various levels of differences. A dental shade is basically a
set of shade standards that is used to identify the closest possible shade of the tooth to be replaced/restored. One of the primary requirements of an ideal shade guide is to have and represent the full natural color spectrum of human dentition, which also must be logically arranged in an ordered way in 1 or more attributes (value, chroma, hue) or
coordinates of color (L*, a*, b*) [19]. The shades in the composite kit used in this study have been blended in a proportion that is not revealed by the manufacturer. Both shades have been supplied in a single syringe with no barrier separating them within the cartridge, which means that the 2 corresponding vita-shaded composites are mixed as a
single dispensable composite, as opposed to the layered concept in which enamel and dentin are supplied separately. The vita classical shade guide has 4 groups (A, B, C, D) with each group having 4 subdivision (1,2,3,4) shade tabs, thus making a total of 16 shades. Each of the groups in the vita shade guide are assigned according to the dominant
hue, and each subdivision (1,2,3,4) demonstrates a logical increase in the chroma with subsequent reduction of the value [35]. Such logical distribution is not present with the CSG used in this study, although it provides 2 different shade guides that are based on 6 shades. Three shades have been assigned to each shade guide with a number of shade
tabs (8 and 6) different between shade guides 1 and 2, respectively. The results obtained for different color coordinates (L*, a*, b*) for the vita shades fall in the range of values reported in earlier studies [20,21,32], thus adding to the reliability and validity of the vitapan classic shade guide color spectrum using a spectrophotometer. When
precombined shades of the composite shade guide were compared with individual shade tabs of the vita classical shade guide, the color differences (AE) in shade C2C3 and A4C4 were found to closely match with vita C2 and C4 shades. Since the shades are combined in the composite shade guide, it cannot be established whether the matching effect
was due to C2, C3, A4, or C4 component of composite resin. In total, 12 shades of composite were matched with 12 shades of vita classic, out of which only 2 shades match (16%). Paravina et al reported finding only 4.2% of shades were clinical acceptability [36]. However, in their study there were 6 different types of composite resins studied, which
explains the difference in observed results. The results of the present study show that the mean values for color coordinate L* in the composite resin shade guide (L*range 64 to 74) were lower than the corresponding vita shades (L*64 to 79) except for individual shades C2 and C4. Similar differences in color coordinate were also reported in studies
by Swift et al [37] and Ikeda et al [38]. The reduction in value (brightness) can be explained by the inherent optical properties of the components between resin and ceramics [20]. The use of nano-filler particles (size range 8000 to 30 000 nanometers) create a mismatch in refractive index between the resin matrix and filler, with filler particles
scattering the light, creating a reduction of brightness and translucency [20,39]. Although the bis-GMA resin matrix has a similar refractive index to that of the silica filler, the addition of TEGDMA increases this refractive index of resin [40,41]. All combinations used in the composite resin system are of 2 different hues (b*) of the vita ceramic shade
guide (A=red and brown, B=red and yellow, C=grey, D=red and grey). Since vita shades A, B, and D contains 2 different hues, the combination of A1B1 in the composite shade guide reflects a mix of 4 different hues, which also explains the matching of color coordinates for composite shade containing vita C shade. Since the vita C shade contains a
single hue (grey), the combination with another shade will cause less changes in value, which are reflected by less L* changes in composite shade tabs C2C3 and A4C4. Analysis of color coordinate a* and b* shows that the values in only 2 composite shade tabs (A1B1, A3D3) were negative b (more towards the green axis), while 6 out of 12
corresponding vita shades have b* values towards red (+). Shades which were clinically denoted as unacceptable (clinical acceptance/perceptible threshold) showed greater variations in values of a* and b*. The decrease in b* values has also been attributed to the basic photoinitiator contained in visible light cure resins, which is camphorquinone [42].
This photoinitiator also controls the yellowness of the composite and, when activated (blue light), there are changes in b* (decrease) level, while the camphorquinone becomes invisible [43]. In conclusion, our results agree with the reports of Paravina et al and Wee et al, showing that restorative composite resin manufacturers declare that their
composite resin shades are similar to vita shades (classical) without these shades necessarily correlating to them [18,24]. Clinical observations in the past have also concluded that value, chroma, and hue of various esthetic composites do not clinically match keyed vita shades [44]. Whether manufacturers prepare their shade guides from the same
composite or use different shades has also been a subject of contention [45]. Earlier studies have reported that the materials for the composite shade guides are different [46] while others have reported they are prepared from the same composite resin [47]. One of the composite resin manufacturers (Tokuyama, Japan) supplies prefabricated molds
with the kit so that clinicians are able to fabricate custom shade guides for the kit [11]. Manufacturers for all CSG recommend both chemical sterilization and autoclaving, although detailed instructions regarding the frequency are usually absent. It has been reported that most shade guides are disinfected without following the manufacturer’s
instructions [48]. The results from our study show that both measures of infection control (chemical and autoclave) caused significant color differences for all coordinates (L*, a*, b*), with a color difference (AE) most evident when autoclaving was used. Our results are applicable to the fact that the manufacturers make composite shade guides from
the same composite kit, which is why this study fabricated specimens accordingly. Two composite resin shades in Gp A (A1B1, C2C3) at the end of 15 autoclave cycles had color differences (AE =3.3) denoted as clinically unacceptable since these differences could be appreciated by anyone. For shade A1B1, the higher color differences were observed
at the 12th autoclave cycle, while the color differences in shade C2C3 were observed after just 2 autoclave cycles. All other shades in Gp A at the end of 15 cycles also had color differences (AE =1.0 to 3.3), which could be only appreciated by skilled operators. Generally, in an autoclave there are 3 phases (heating, exposure, and cooling) which
involve rapid temperature changes. This brings about expansion and contraction of the composite resin depending upon its linear thermal expansion coefficient (LTEC) [49]. Within the composite body, the resin matrix and the filler have discrepancies in LTEC, which result in uneven expansion/contraction within the components of the composite resin
[50]. The interface between the matrix and the filler is thus fatigued, making the interface more prone to debonding. Dissolution of surface organic matrix has also been reported to affect most dental materials, including composites [51]. Since both processes are present within the composite body, the overall result is lower contact angles and deeper
filler exposition [52]. This process results in an overall change of surface morphology (roughness), which becomes prone to color changes by deposition [51]. Steam sterilization has been reported to cause significant changes in micromorphology and wettability of bulk composites (Filtek Bulk Fill and Filtek Z350XT) [51,52]. The values for color
changes observed in Gp C are in agreement with those reported by Jeong et al [53], who observed noticeable but acceptable (AE*=2.2 and 2.3) changes after 10-day immersion of resin shades in distilled water. Different studies have reported color changes in composite resin materials and have concluded that they are more susceptible to optical and
chemical changes than other restorative materials (ceramics and metals) [44,54,55]. Water sorption with subsequent staining has also been reported to contribute to color changes in composite resin, especially if the resin contains higher amounts of TEGDMA [56]. The present study is unique in that most previous studies that assessed the color
changes due to sterilization have involved either ceramics or unfilled resin. The limitations of the study include: not having used the prefabricated shade guide for evaluation of color changes after sterilization, only 1 brand investigated and 1 thickness (4 mm) assessed, not using more sensitive measuring tools like CIEDE2000, difference in geometry
of the composite specimen, which may not be as exact as that of vita shade guide tab, and inherent limitations associated with spectrophotometer use. This study, within its own limitations, concludes that CSG supplied by the manufacturer with composite kit does not simulate the shades of the vita classic shade guide. Various shades in CSG undergo
significant color changes during sterilization with an autoclave, causing color changes that are clinically unacceptable. Clinicians using prefabricated CSG should routinely use chemical sterilization while avoiding frequent autoclaving. This study recommends clinicians fabricate their own custom shade guide from a particular lot, and keep the
prefabricate CSG as a reference while using a customized shade guide on patients. Consistent with the above, clinicians should compare the customized shade guide after sterilization cycles with the prefabricated CSG for color changes. The authors would like to acknowledge the cooperation extended by the non-teaching staff of the preclinical
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