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Digital shade and camera use in dental practice

Hojin Moon*
Department of Conservative Dentistry, School of Dentistry, Dankook University, Cheonan, Republic of Korea

This study examines the development and practical application of digital cameras and shade matching in dental practice. Since their
introduction to dentistry in the late 1990s, digital cameras have been widely used in various areas including diagnosis, treatment
planning, and patient education. Digital camera usage in tooth shade selection has emerged as an alternative to overcome the
limitations of traditional visual methods. With the advancement of color science, various color systems from Munsell to CIELAB
have been developed, and digital color models such as RGB, HSL, and HSV are being utilized as practical color analysis tools in dental
settings. Color measurement using digital cameras offers advantages including non-contact assessment of the entire tooth surface
and the ability to build permanent databases. Cross-polarizing photography techniques and color reference targets enable more
accurate color evaluation, while RAW format image storage and new formats like HEIF allow for more precise shade expression
and communication. These digital technological advancements are improving the accuracy and efficiency of color measurement
and analysis in dental practice, which is expected to contribute to the enhancement of aesthetic dental treatment quality. (J Dent
Rehabil Appl Sci 2024;40(4):201-11)
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Black (V=0)
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Fig. 1. Color model representations. (A) RGB color model represented as a cube, where each axis corresponds to one pri-
mary color channel (Red, Green, Blue). The RGB model is additive, with colors formed by combining different intensities
of each channel. The grayscale axis runs diagonally from the black (0,0,0) to white (1,1,1) corner, representing shades of
gray. (B) HSV color model represented as a cone, formed by projecting the RGB cube along the grayscale axis. The cone
consists of stacked hexagonal disks, with the size of each disk increasing as value (V) rises. The apex of the cone rep-
resents black, while the base is white, illustrating the relationship between brightness and saturation. As value increases,
the disks become larger and more saturated, transitioning from black at the tip to white at the base.
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18% gray. This gray reference card can be sterilized in an autoclave at 135°C, making it suitable for clinical applications. (B)
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Grand Rapids, USA) contains 24 color patches (18 natural colors and 6 grayscale patches), serving as a comprehensive
color reference target designed for accurate color calibration through precise color reproduction with exposure and

white balance control.
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HEIF RGB Color Bit Depth
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G Channel: 10-bit
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B Channel: 10-bit
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RAW RGB Color Bit Depth

R Channel: 14-bit
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B Channel: 14-bit
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Colors: 1,0243 = 1 billion
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Colors: 16,3843 = 4 4 trillion

Fig. 3. Comparison of RGB color bit depth in different image formats. JPEG supports 8-bit per channel (256 steps) result-
ing in 24-bit total color depth with approximately 16.7 million colors. HEIF enhances color representation with 10-bit
per channel (1,024 steps), achieving 30-bit total color depth and about 1 billion colors. RAW format provides the highest
color fidelity with 14-bit per channel (16,384 steps), enabling 42-bit total color depth and approximately 4.4 trillion col-
ors. Each channel (R, G, B) box represents the respective bit depth and color steps, while the total values below show
the cumulative color representation capabilities of each format. Some camera manufacturers also provide RAW formats

supporting 16-bit per channel color depth, offering even greater color precision and dynamic range.
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