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FOREWORD TO THE SECOND EDITION

I have always believed that why we do what we do is just as important as how we do what we do. Knowing why helps one understand a multitude of hows with regard to color and esthetics. When this method of education is coupled with a progressive approach to learning, a powerful tool for understanding is created. Although some may believe that including physics, chemistry, psychology, and psychosocial information in a book on color science and esthetics is superfluous, the authors clearly do not, and I absolutely agree with them. I want to emphasize the importance of this basic tenet in learning a subject in depth. Taking this approach makes something good even better.

The addition of Dr Rade Paravina’s expertise in both the basics of color as well as the future of color education makes this edition more effective in color teaching and in the use of color for creating highly esthetic dental restorations. The staged and step-by-step approach is a proven method for teaching a subject that is simultaneously fun, exciting, and yet highly complex. Much like learning a piece of music requires hearing the music rather than just seeing the notes on paper, color requires as many sensory cues as are necessary for one to learn the subject. The updated electronic approach to learning, matching, and seeing color adds an extra dimension to this edition.

This second edition delves more deeply into digital photography and material selection. As the dental profession advances, it is necessary that educators and clinicians follow suit and provide additional materials to help others use that technology. The authors have taken the necessary steps to include such information in this edition.

When asked by students, “What’s new in dentistry?” and “Why should I become a dentist?” I answer that dentistry is a dynamic profession, developing exciting new materials and methods for treating patients with ever-improving technology that has the clear ability to change people’s lives. Stephen J. Chu, Alessandro Devigus, Rade D. Paravina, and Adam J. Mieleszko have shown that they can provide just that motivation and excitement.

This is a welcome and stimulating addition to color education in dentistry. It encompasses a variety of esthetic dentistry procedures and is a clear guide to integrating additional dental technology, whether digital photography or spectrophotometry, into everyday dental practice.


 Stephen F. Bergen, DDS, MSD

Chief Dental Service 
Department of Veterans Affairs 
New York Harbor Healthcare System 
Professor of Graduate Prosthodontics 
New York University, College of Dentistry 
New York, New York





FOREWORD TO THE FIRST EDITION

In the span of my dental career, dentistry has made spectacular improvements in mimicking the natural colors of teeth with restorative materials. In the early 1960s, metal ceramics presented exciting new possibilities for tooth colors, as well as soft tissue response, longevity, and esthetics. In general, clinicians have had little understanding about color, and even less has been taught. Several contemporary clinicians contributed enormously to our knowledge of the art and science of color. There was Bruce Clark in the 1930s and then Robert C. Sproull, Jack D. Preston, and Stephen F. Bergen in the 1970s.

John W. McLean, a giant in the dental profession, introduced us to high-strength all-porcelain restorations with aluminous porcelain in 1965. The bar was raised for color in dental porcelain. Artistic laboratory technicians made immense progress with internal colors and the management of opacity and translucency. By the 1990s, adhesive dentistry, composites, and myriad all-ceramic materials gave us the artistic capacity to reproduce the colors and light response of natural teeth.

The authors of this text, Stephen J. Chu, Alessandro Devigus, and Adam J. Mieleszko, have made an outstanding contribution to the practice and theory of color management in contemporary dentistry. Updating is a way of life, and the flood of new materials and techniques makes this text all the more valuable to students, general practitioners, and specialists. A concise introduction to color theory and how it applies to dentistry is followed by important information about elements affecting color to aid the clinician and technician with problem solving. Special attention has been given to shade matching with a step-by-step protocol. Direct composites and layering techniques receive careful consideration. In particular, the chapter on digitized shade-matching technology provides the reader with valuable insight into color measurement technology and its applications for laboratories and patients. Finally, an extensive presentation of clinical cases from single anterior crowns and composites to multiple anterior restorations is used to illustrate the full extent of the text.

It should be noted that the science of color in dentistry always requires skill by the user. In particular, there is a lack of standards in the production of dental ceramic frits. The variables of hue, value, chroma, and translucency from batch to batch and between companies require unusual artistic skills from ceramists to produce prescriptive shades. Perfect shade measurement will not produce comparable shade matching unless realistic standards are established by manufacturers. In the meantime, we need to be especially empathetic to dental laboratories until the science and art of color in dentistry come together.

The authors have produced a text on shade matching and communication that fulfills a genuine need. I found it to be a refreshing approach to color and am especially privileged to write this foreword.



 Lloyd L. Miller, DMD





PREFACE TO THE SECOND EDITION

Since the first edition of Fundamentals of Color was published, many of the tools and materials used in color dentistry have undergone significant improvements, and a number of new products have been introduced. As technology continues to evolve, so too does the range of digital shade-matching systems available. Technological advances in other industries, such as photography and lighting, and in other subsets of dentistry—eg, intraoral imaging (CAD/CAM) and teeth whitening—have helped to make the protocols of color dentistry more accurate. The prominence of color dentistry in the general dental community has been raised by the formation of the Society for Color and Appearance in Dentistry (SCAD) and the Journal for Color and Appearance Dentistry; accordingly, the amount of clinical research has also increased, which is extremely important for the expansion of any field.

Fundamentals of Color, Second Edition strives to consider and reflect these new changes. It opens with a critical new chapter on color education and training, which is appropriately followed by sound discussions of color theory and factors that influence perception of color. The book pragmatically reviews the standard recommended protocols for conventional and technology-based shade matching; these chapters culminate in a straightforward, step-by-step protocol that incorporates both the most current and most respected techniques for successful color reproduction. New chapters on digital photography and material selection supplement these protocols and are valuable resources on two topics that strongly influence in shade matching and color communication. The book concludes with 12 in-depth clinical case presentations covering a variety of situations commonly encountered in daily practice. Like the previous edition, this textbook is written in a logical, succinct manner that simplifies the study of color and helps readers understand, qualify, and quantify shade so they can more easily and accurately communicate with colleagues and lab technicians alike.
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Additionally we would like to thank Dr Shigemi Ishikawa-Nagai and Dr John Da Silva at Harvard University for their contributions to the clinical cases and Dr Wolfgang Bengel, whose contribution not only to this book but to the specialty of dental photography is an inspiration to practitioners globally. We are indebted to Dr Didier Dietschi, whose research in direct restorative composite materials has set the standard in composite resin color science, and his colleagues Dr Stephano Ardu and Dr Ivo Krejci for the direct restorative case report they contributed to this book.

Thanks also to Kendall Beachman, Assistant Dean at New York University College of Dentistry, Dr Dennis Tarnow at Columbia University, and Dr John M. Powers at Dental Consultants, Inc for their motivation, inspiration, and ongoing support in dental education. Finally, our appreciation goes to Jason Kim, CDT, for imparting his knowledge and skill in the fields of color and translucency.







PREFACE TO THE FIRST EDITION

The study of color is an integral part of esthetic dentistry. If the color of a restoration is off—even slightly—the mistake can be glaringly evident; it looks fake, and the patient is unhappy. Obviously, this is an undesirable result.

Unfortunately, color is also tricky. Slight variances in shade play with our eyes, our minds, and, ultimately, our dentistry. The illumination in the dental treatment room, optical illusions, color blindness, nutrition, and fatigue are among the dental professional’s ongoing obstacles to successful shade matching. It is necessary to understand these challenges and the basic mechanisms of color in order to achieve consistent esthetic shade results. However, most of the dental literature on color theory does not improve the reader’s understanding; rather, it further compounds the complexity. Moreover, color education seems to be absent within the dental school curriculum. What is needed is a resource that distills all the data and breaks down the abstract science of color into the essential details. This text was written to simplify the study of color and help readers quantify and communicate shade easily and accurately.

Fundamentals of Color first explains the basics of color theory, then illuminates the factors that can affect the perception of color. Next, the recommended protocol for conventional and technology-based shade matching are detailed separately. Finally, an approach combining both methods is outlined in chapter 5, providing the reader with a technique that almost ensures an accurate shade match the first time, every time. Throughout the text, there are hints and tips to enhance the reader’s comprehension and clinical results. Also included is an appendix describing clinical cases in which the recommended protocol was followed to achieve esthetic and predictable results.

This book is intended for anyone seeking to gain a better understanding of the complexities of shade matching, advance their esthetic dentistry skills, and increase the natural quality of their restorative work. Although we are all health care providers first, we are also artists. With a good working knowledge of color, your artistry will become as natural as your dentistry.

Without the support, dedication, and passion of many people, this book would not have been possible.

First, we would like to thank the people at X-Rite, Inc: Mike Ferrara, Tom Nyenhuis, Kevin Aamodt, Jim Overbeck, and Shannon Gary, who greatly contributed to our knowledge in the field of color science. We would also like to recognize Dustin Ewing from MHT Optic Research for explaining the use of the SpectroShade system. Thanks to Dr William Devisio and Bernal Stewart from Colgate-Palmolive Co for the present and future collaborative clinical research projects in the area of vital bleaching. To the Heraeus-Kulzer-Jelenko Co, especially Gerrit Steen, Chris Holden, Dr Mark Pitel, and Dennis Fraioli, thank you for providing the beautiful synthetic ceramic material used in the case restorations. We would also like to recognize Steve Wright, from Lanmark Group, who helped distill our thoughts and ideas in the writing of this body of knowledge. Special thanks to the staff of Quintessence Publishing Co, who made this book into a reality.

We would also like to thank Dr Irfan Ahmad, whose contributions not only to this book but also to the specialties of fixed prosthodontics, esthetic dentistry, and dental photography have been an inspiration to practitioners globally. We are indebted to Dr Didier Dietschi, whose research in direct restorative composite materials has set the standard in resin composite color science, and his colleagues, Dr Stephano Ardu and Ivo Krejci, for the direct restorative case report they contributed to this book. Our appreciation also goes to Drs Stefan Paul and Ed McLaren, whose previous and ongoing studies in the field of technology-based color systems have considerably increased our knowledge base. We would also like to thank Giordano Lombardi, CDT, whose technical skills, techniques, and working relationship have solidified the highest standard of excellence in the area of esthetic restorative dentistry in Switzerland.

Special thanks to Dr Galip Gürel (Istanbul, Turkey), whose textbook on ceramic laminate veneers opened our eyes to the world of cosmetic restorative dentistry and color. Thanks also to Assistant Dean Kendall Beachman and Dr Dennis Tarnow at New York University College of Dentistry for their motivation and inspiration. Finally, our appreciation goes to Jason Kim, CDT, for imparting his knowledge and skill in the fields of color and translucency.





CHAPTER 1 COLOR EDUCATION AND TRAINING
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In this chapter:



	Cultivating the skill of shade matching

	Currently available shade-matching publications and programs



Many factors influence our ability to achieve accurate shade-matching results, including subjectivity, shade-matching tools, materials, methods, and conditions. Nonetheless, the importance of color education and training should not be underestimated, as S p roull noted in 1973: “The technology of color is not a simple matter that can be learned without study; neither is it a complicated matter beyond the comprehension of dentists.”1 Color appearance is frequently of critical importance to the final outcome of dental restorations and their acceptance by patients. This is why education and training should be the first step of a process that should result in the predictable and enhanced esthetic outcome of dental restorations.


Cultivating the Skill of Shade Matching

Successful musicians, painters, and other artists are both gifted and well educated in their craft, and yet they continue to practice and improve their skills. In contrast, little effort is made to assess whether the average dental professional has an eye for shade matching. Moreover, education on color is frequently not even part of the undergraduate or graduate dental school curriculum.1–3 Years of shade-matching experience practiced under inappropriate conditions, using inadequate tools and methods, can hardly be called color training. The literature shows that dentists often overestimate their color-matching and reproduction abilities. When asked to match 16 corresponding pairs from two Vitapan Classical shade guides using the visual method, the pre- and postdoctoral participants correctly matched only 50%.4 In another study, which closely resembled clinical dentistry in that there was no exact match, the observers’ choice was the second or third best match.5

Several surveys have been conducted on color education. The first one, in 1967, revealed that only 3 institutions (of the 115 institutions that responded) offered a color science course, and only 2.3 classes, on average, referred to color topics.1 In another survey, core curriculum and elective courses on color were taught at 26% and 17%, respectively, of the 69 responding schools.2 A third survey related to teaching of color in predoctoral and postdoctoral dental education was conducted in 1988. Responses were received from 138 institutions.3 The mean number of hours devoted to color topics was 6.6, and 50% of the schools reported a lack of a color-balanced environment. In addition, 85% of respondents believed that there was a need to develop a new, systematic shade guide. It was concluded that additional efforts should be made regarding the study, research, and application of color science in the dental profession, particularly in undergraduate education.




Currently Available Shade-Matching Publications and Programs

Several multimedia color education and training programs are now available (Table 1-1). Each program has its own unique features, but they all are designed with the same intention: to educate/train dental professionals in color matching. A brief description of each program is provided below.

The book Esthetic Color Training in Dentistry and its supplementary color-training exercises on CD-ROM are designed to be used by dental professionals, educators, and students. The training program consists of an introductory set, a training set, and an advanced set. The introductory and training sets each consist of three groups of exercises, which progress from easy to difficult. Each of these six different sets consists of 25 small squares and arranging sets that test shade matching based on differences in value, chroma, or hue, and, for further challenge, differences based on all possible pairs of color dimensions (value/chroma, value/hue, and chroma/hue). The advanced set (Fig 1-1) contains 15 rectangles with color differences that originate from all three color dimensions simultaneously.6 The software records both first and highest scores and includes a “reset score” option that enables repetition of the exercises or addition of other users.


TABLE 1-1 Shade-matching publications and programs
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Fig 1-1 Color Training Exercises, advanced set.
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Another popular multimedia program is the Toothguide Trainer software and Toothguide Training Box (Vita Zahnfabrik) (Figs 1-2 and 1-3), which are parts of the color-training program developed by Jakstat.7 The exercises in the training software are essentially the same as those in the training box; both utilize 26 shade tabs from the Toothguide 3D-Master (Vita Zahnfabrik). The software uses the images of tabs, whereas the training box uses physical shade tabs, along with color-corrected light and computer support. The program is designed in accordance with the three-step method recommended for 3D shade-matching (value-chroma-hue selection). A total of 4, 8, and 15 correct matches, respectively, are needed to pass steps 1 (value selection), 2 (value-chroma selection), and 3 (value-chroma-hue selection). After that, the user proceeds to 15 value–chroma–hue tasks in the final exam.

A Contemporary Guide to Color & Shade Selection for Prosthodontics is a DVD published by the American College of Prosthodontists.8 It is a predominantly educational tool with 63 figures and 12 instructional videos that complement the text.
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Fig 1-2 Toothguide Training Box with the associated computer program.
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Fig 1-3 Toothguide Training Box with working area illuminated by color-corrected light.




In the first part, general color topics are addressed: color triplet, defective color vision, color mixing, the color wheel, a description of color and the relationship between the dimensions of color, and two color notation systems: Munsell and CIELAB. The second part of the text is related to the color of human teeth, dental shade guides, and digital shade selection.

The DVD also includes detailed guidelines for visual shade selection and suggested procedures and discusses:



	Light source parameters

	Type, amount, and location of lighting

	Metamerism

	Surrounding colors

	Shade-matching distance

	Time and length of shade selection

	Patient position and involvement

	Tooth condition, including light transmission and surface characteristics (texture and gloss)

	Translucency and transparency

	Dentin and gingival shade selection



Shade verification and communication with the dental laboratory technician using diagrams and digital images are also elaborated.

Finally, Dental Color Matcher (Vita Zahnfabrik) is a free online education and training program hosted through the website of the Society for Color and Appearance in Dentistry (www.scadent.org/dcm).9 This program is a combination of color matching exercises and a didactic video.

The first of the onscreen exercises, “Closest match I,” asks the user to determine the best match to four target shade tabs using Linearguide 3D-Master tabs (Fig 1-4). Afterward, the 25-minute video provides information on the role of color in contemporary esthetic and cosmetic dentistry, shade-matching skills and success of dental professionals, color dimensions and the color of human teeth, and color-matching methods used in dentistry. The video particularly addresses influences on the visual method, such as years in practice, sex, education and training, color-matching conditions, as well as techniques to achieve predictable success with visual shade matching.
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Fig 1-4 Dental Color Matcher. “Closest match” exercise.
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Fig 1-5 Dental Color Matcher. “Matching pairs” exercise: 14 darker pairs of shade tabs successfully matched.




After the video, users are prompted to “Matching pairs” exercises to match 29 Linearguide 3D-Master pairs (15 lighter pairs and 14 darker pairs) (Fig 1-5). The subsequent “Exact match exercise” is identical to the initial “Closest match” exercises, except that there is an exact match to each tab. The next step is a quiz in which users answer 12 multiple-choice questions related to the information provided in the video. After completing the program, users can fill out a survey, rate the program, and list its strengths and weaknesses. Upon request, dental professionals can obtain 2 continuing education hours, while all users obtain a diploma issued by the Society for Color and Appearance in Dentistry upon program completion. Dental educators who want to use this program for undergraduate or postgraduate teaching or continuing education for dental students or professionals are encouraged to request a project code (by sending an email to dcm@scadent.org), which will allow them to independently access the results for each enrolled participant.




Conclusions

Significant advances have been made in color education and training in dentistry. New books and other types of publications—training programs on CD-ROM, online programs, and those that utilize physical shade tabs—are currently available. Based on purpose and scope, all of these publications and programs offer valuable color education and/or training. Online programs provide free access to a wide range of users (clinicians, dental technicians, dental educators, students, and researchers) seeking color education and training. Knowledge and skills acquired through these programs complement the skills of dental professionals and provide an appropriate foundation for their work.




Summary


	Shade-matching results can be improved through color education and training.

	Most color education and training programs are relatively new, and unfortunately few are currently incorporated into undergraduate or graduate dental education. Therefore, the implementation of available programs and the development of new tools should be the next step in color education and training in dentistry.
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CHAPTER 2 COLOR THEORY

[image: e9780867155433_i0010.jpg]


In this chapter:



	The physics of color

	Color reproduction

	Color in dentistry
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Fig 2-1 The wavelengths of light reflect off the object (a rose), resulting in the perception of color (pink) by the viewer.
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Fig 2-2 A red apple. Its specific color description is subjective and debatable, stemming from an emotional or visceral response.




Many have long pondered the question: If a tree falls in the woods and there is no one there to hear it, does it make a sound? In color theory the question becomes: If the petals of a rose are pink and there is no one there to view them, are they actually pink? According to color theorists, the answer is no. The reason for this surprising answer is that in order for a color to exist, there needs to be an interaction between three elements: light, an object, and a viewer (Fig 2-1). If all three elements are not present, color as we know it does not exist.

Color is best described as an abstract science. Color appeals to the visceral and emotional senses. Color is personal; each individual will view the same object differently. Take, for example, the apple shown in Fig 2-2. Most would define its color as red; others might take it a step further and describe it as cranberry red or vibrant ruby red. It is often difficult to come to a consensus based on visual assessment alone. There are numerous factors that influence an individual’s color perception, including lighting conditions, background effects, color blindness, binocular differences, eye fatigue, age, and other physiologic factors (see chapter 3). But even in the absence of these physical considerations, each observer will interpret color differently based on his or her past experiences with color and resulting color references. Each individual also verbally defines an object’s color differently.1–9

However, there are quantifiable aspects of color that are important for the dental practitioner to understand. Basic knowledge of how color is perceived and reproduced will aid the clinician in evaluating and matching shades in the dental practice.


The Physics of Color

Although color is generally perceived as an art form, there is a true science behind color theory. Isaac Newton was the first to break down the physics of color. He found that a beam of white light could be separated into component colors, or wavelengths, by passing it through a prism (Fig 2-3). Newton described the resulting continuous series of colors as a spectrum, and named these colors in the following order: red, orange, yellow, green, blue, indigo, and violet, as represented by the commonly used mnemonic association Roy G. Biv. These wavelengths are perceived by the three types of color receptors (called cones) in the human eye as variations of red, green, and blue light. The human eye can perceive only these wavelengths of light, hence the term visible light spectrum. In physical terms, the wavelengths of visible light range from approximately 400 to 700 nm (Figs 2-4 and 2-5). Each hue is accurately defined by its wavelength or frequency1 (Table 2-1).


Fig 2-3 Dispersion of light through a prism breaks the light up into its component colored frequencies, which are called wavelengths.
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Fig 2-4 The wavelengths of visible light range from 400 nm (violet) to 700 nm (red).
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Fig 2-5 The visible light spectrum relative to the whole electromagnetic spectrum.





TABLE 2-1 Wavelengths of colors






	Color
	Wavelength (nm)*



	Red
	650–800



	Orange
	590–649



	Yellow
	550–589



	Green
	490–539



	Blue
	460–489



	Indigo
	440–459



	Violet
	390–439



	*1 nm = 0.000001 mm.
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Fig 2-6 Emission of light.
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Fig 2-7 Transmission of light.




Newton’s significant breakthrough in the study of color science shifted attention to the light source.10 His observation was simple: White light contains all colors. If an object appears to be a particular color, this means that the light reaching our eyes when viewing that object has somehow been changed by the object. In other words, it is the interaction of the light with the object that allows perception of color. Therefore, without light, there would be no color.

The basic process of color perception can be described as follows. Light is emitted from a light source. This light may reach the eye directly, or it may either strike or pass through an object. If the light interacts with an object, some of the light is absorbed by the object. The wavelengths that are not absorbed (ie, those that are reflected, transmitted, or emitted directly to the eye) are perceived by receptor cells (ie, rods and cones) in the eye and recognized by the brain as a specific color. The individual components of this process are described in more detail below.


Emission

Emission of light from a source occurs through a chemical or physical process (Fig 2-6). Every process releases more light at certain wavelengths than at others. To create perfectly white light, a light source would have to emit exactly the same amount of each wavelength. In some cases, emissive objects are intended to produce specific colors. These objects, such as computer monitors, produce color by emitting light with distinct wavelength compositions of red, green, and blue light. This process is discussed in greater detail later in this chapter.

No light source can emit perfectly white light, ie, exactly the same amount of each wavelength. This affects color perception since there are only certain wavelengths (colors) being produced to interact with an object, which explains why the same object will appear to be different colors when viewed using different light sources (see chapter 3).




Transmission and absorption

Transmission occurs when light passes through a transparent or translucent material, such as a slide or film (Fig 2-7). If light encounters molecules or larger particles in the material, some wavelengths of light will be absorbed. The number of light rays and the specific wavelengths (colors) that are absorbed are determined by the density and makeup of the material the light travels through; the wavelengths that are transmitted (referred to as spectral data) compose the color that is perceived. If the material is completely transparent, all light is transmitted, and the color white is perceived. If the material is completely opaque, all light is absorbed, and the color black is perceived. In most cases, however, some of the wavelengths (colors) are absorbed and others transmitted. If this occurs, the color that is perceived corresponds to the wavelengths that are transmitted. For example, if a material absorbs red wavelengths and transmits green and blue wavelengths, a combination of green and blue (referred to as cyan) is perceived.
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Fig 2-8 Reflection of light.
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Fig 2-9 Diagram showing the percentage of light wavelengths that are reflected by an object. The percentage is measured every 10 nm along the visible light spectrum (400 to 700 nm). The resulting pattern is called a spectral curve and is analogous to the color fingerprint of an object.
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Fig 2-10 A perfectly white object would reflect all wavelengths of light.
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Fig 2-11 A perfectly black object would absorb all wavelengths of light.
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Fig 2-12 A red object reflects red light and absorbs all other wavelengths.







Reflection and absorption

Reflection occurs when light rays strike a solid object, such as an apple or a photograph, and then bounce off of it (Fig 2-8). Depending on the molecular structure or density of the object or medium, certain wavelengths (colors) may be absorbed rather than reflected. The wavelengths that are reflected compose the color that is perceived (Fig 2-9). Theoretically, an object that reflects all light would be perceived as white (Fig 2-10), and an object that absorbs all light would be perceived as black (Fig 2-11). In most cases, however, the object absorbs some wavelengths (colors) and reflects others (Fig 2-12). If this occurs, the object is perceived to be the color of the wavelengths that are reflected. For example, an object that absorbs green wavelengths but reflects red and blue wavelengths is perceived as a combination of red and blue (referred to as magenta).
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Fig 2-13 The retina of the eye contains three types of cone cells responsible for color perception, as well as rod cells, which are responsible for perception of lightness and darkness.
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Fig 2-14 There are fewer cone cells (aqua) in the retina than there are rod cells (green).
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Fig 2-15 Color perception occurs in the brain.







Perception

The wavelengths that reach the eye, whether by emission, transmission, or reflection, are received by the sensory cells on the retina called the rods and cones (Figs 2-13 and 2-14). The rods perceive the brightness of the color, ie, the intensity of the light rays reaching the eye. The cones perceive the hue, ie, the color. As discussed previously, the human eye contains three different types of cones, each one responsive to wavelengths approximating the colors red, green, and blue, respectively. Variations of these wavelengths will stimulate each cone at different intensities. The cone cells then send signals to the brain, which translates the signals into colors (Fig 2-15).

The key point to understand is that the wavelength pattern that is perceived by the eye is the color’s fingerprint.1 This fingerprint is formulated from spectral data gathered from the wavelengths of light reflected from an object. It is plotted, in reference to percentage of reflectance and wavelength interval distribution, as a spectral reflectance curve (see Fig 2-9). Therefore, in Fig 2-2, the apple itself is not red; the color that is perceived is only in the form of reflected wavelengths, and the color we sense and remember as red really exists only in our minds (Table 2-2).


TABLE 2-2 Psychophysiologic realities of color perception






	Mode of perception
	Psychophysiologic reality



	Physical
	Wavelength of light



	Psychophysical
	Reception of light wavelength by the eye



	Psychologic
	Interpretation of light wavelength by the brain
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