Abstract
Accurate color selection of direct or indirect dental restorations is a subjective task. Mobile phones are tools that may minimize color assessment errors. Objective: To use photographs taken with smartphones to guide the dental surgeon in choosing the right color in oral rehabilitation. Material and Methods: A tooth was photographed for color assessment and the VITA Toothguide 3D-MASTER® shade guide was used. Photographs were submitted to an image editing software for full saturation removal. Images of the tooth and scale in black and white were compared. Results: This method allowed to select the tooth’s value, which is considered the most subjective dimension in color choice. Conclusion: Although it is an auxiliary and complementary method to traditional methods, smartphones are tools capable of reducing the range of color possibilities and minimizing possible failures.
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Introduction
Regarding dental esthetics, the most noticeable aspect in a smile is the color of the teeth.[1] Effective assessment and color communication in prosthetic restorations containing adjacent teeth as reference are very important steps for successful rehabilitation.[2,3] Color choice, nonetheless, is a subjective task that may be influenced by lighting conditions and the visual acuity of each professional. [1]
There is also a lack of standardization across different scale systems and corresponding ceramic systems in the industry. Additionally, the highly complex nature of the color distribution within a single tooth, as well as shape, surface texture, and brightness, all affect the accurate perception of colors. [3,4,5,6] 
Preston's classical color choice technique indicates the use of a standardized scale for comparison with the tooth, under natural light and quickly through the initial 5 seconds of visualization, as the first impressions are the most accurate. [7] In this way, three aspects are considered: value, hue and chroma (Munsell System). 
Hue is the name or description of a color, and refers to the quality by which a family of color is differentiated from another, as in the case of yellow, blue, green. Value, on the other hand, may be considered the most important dimension for the dental surgeon, as it corresponds to intensity and brightness. It is an achromatic property, with no hue whatsoever, that represents the amount of white (opacity) and gray (translucency) [5].  A higher value represents greater opacity and a larger amount of white, hence a lighter tooth. When the tooth is darker, it has higher translucency, larger amount of gray and, consequently, a lower value. Failure in assessing the value, therefore, may result in whitish or greyish restorations. The applicability of this dimension assertively in terms of light reflection is what makes a restoration seem more natural [8].
Finally, chroma refers to the strength or dominance of hue, i.e. saturation. In clinical practice it is observed that teeth have higher chroma in the cervical region, while incisal regions present lower chroma [9]. Although these concepts are well-defined, color choice is still considered subjective [10], may be improved in time, as clinical experience increases [11], and value is usually the dimension that causes the most doubts upon choice. 
Elicited by both technological growth and reduction in the costs associated with digital photo equipment, photographic documentation has ceased to be restricted to a few dentists only, and has become the routine for many professionals [12], as it assists in analyzing patients’ esthetic details with ease, without the need for a face-to-face assessment, in addition to optimizing both the design of an initial treatment plan and the communication with the patient.
With the evolution of the digital cameras in mobile (smart) phones, the photographic process has been simplified, allowing visualization and transmission of images in real time. Nevertheless, it is extremely important to define a standardized protocol for photographs. There are several types of protocols suggested in the literature, but the ideal protocol is one that best suits the needs of the professional and the patient, according to the procedure type that will be carried out. The purpose of this work is to provide a simple and specific protocol for color assessment through smartphones. The null hypothesis is that digital photographs from smartphones are able to properly indicate the value of a natural tooth. 

Material and Methods
The VITA Toothguide 3D-MASTER® shade guide is the most suited for using as a color reference, since its value varies from left to right, i.e. from highest to lowest, and is divided into groups according to these values (Figure 1). A photograph of this shade guide was taken through a smartphone camera. With the same device, a patient’s smile was also photographed, with the shade guide close to the teeth (Figure 2).

In order to choose the value, the photograph went through an image edition application, available on the smartphone itself, to completely remove the saturation (hue and chroma). The final result is a black and white photograph, where only the value is observed (Figure 3). The removal of saturation may also be achieved through the smartphone camera’s native application. Some devices provide a monochromatic mode/ filter before capturing the image. Then, the smile photograph is compared to the color scale photo. 
After adequate selection of the value, the choices for hue and chroma were made, which became easier and more precise, since the number of options was reduced simply by the definition of the value (Figure 4). 

Results
Figure 5 shows the difference between grayscale options in the standardized color scale and the patient's natural tooth. This simple picture has made it possible to set parameter number 3 as the value. Among the range of options for parameter #3 (L, M, R for hue and 1, 2, 3 for chroma), the final color 3M1 was chosen. This information was sent directly to the lab, along with the colored and black and white photographs, using the WhatsApp application. Then, the expert evaluation of the technician rendered agreement in the color choice.
Discussion
The null hypothesis that digital photographs made by smartphones are able to properly indicate the value of a natural tooth was accepted for this study.
A wide range of digital devices for tone analysis such as spectrophotometers, colorimeters, scanners and other software are available on the market today[13,14,15]. However, these usually incur additional costs to perform the procedure and training to handle the device [15]. Currently, smartphones are efficient when it comes to photography, and their cameras are capable of generating good images with greater ease. The existence of several communication features such as Wi-Fi, Bluetooth, mobile internet access (4G), and a wide range of image editing applications such as the Camera+ app (available for iOS and Android platforms) provides great control over many parameters of image capture in the smartphone camera, including aperture settings, exposure speed, white balance, and ISO. Additionally, there is the possibility of using external lenses that may be coupled to the smartphone, so that images with macro function can be taken. Furthermore, after the image is generated it is possible to immediately forward it to the laboratory through applications, which greatly facilitates the dentist-laboratory communication, and consequently simplifies case planning.
Among the various possibilities of using a smartphone to choose the color, the selection of the value generates great interest, since it is an aspect that raises doubts during the procedure, and its definition considerably restricts the final color options.
When taking photographs for this use, care should be taken with brightness, adequate removal of lips and cheeks with the use of retractors, as well as backgrounds, in order to eliminate unwanted structures and emphasize the main subject of photography [4].

Conclusions
It concluded that:
· The use of smartphones for dental imaging is a simple and effective complementary method for choosing color in oral rehabilitations.
· It is an access tool that allows immediate communication with the laboratory.
· Rehabilitations with prostheses may be optimized for color choice with the use of smartphones. 
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