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- Abstracts -

20-001. Clark, Bruce E. Tooth Color Selection. JADA, Vol. 20, June 1933, pp1065-1073.
Purpose: To apply color science to the dental profession.
Materials and Methods: Authors experience and knowledge.
Results: Color has three dimensions, hue, brilliance, and saturation. Hue relates the color to the spectrum. Brilliance gives the property of lightness and darkness with black being zero and white being maximum. Saturation has to do with the strength of hue seen in the color. Neutral gray is zero in the saturation scale. 
     The basic color of teeth may be considered yellow-gray and have modifications in each dimension of color with saturation being the principal modifier. The gingival areas are the most saturated because the yellow is stronger. The saturation decreases as you go more incisally. Brilliance differences are also found in the same teeth. The incisal areas are darker than the gingival areas. The thinner portions are darker because they permit more transmission of light. The hue differs in the same teeth also. When the hue of a shade guide tooth differs from a natural tooth it must be a redder or greener yellow than that of the natural tooth. Clark classifies tooth color into three groups. Yellow, which comprise 80%, reddish-yellow, and greenish-yellow.
     To classify tooth color Clark found there to be 19 brilliance steps for each degree of saturation, 10 saturation steps and 3 hue steps making a total of 532 different colors for teeth. However each tooth has different colors in the gingival and incisal areas therefor giving Clark 703 shade guide teeth colors to account for. To help dentist select the correct shade Clark devised a 60 tooth shade guide that could accommodate all 703 colors.
     There are several factors to consider in selecting a shade. First is the position of the patient relative to the dentist and the source of illumination. Next is the quality or color of the illuminating light. Daylight of proper color is preferable because it is diffused light. White light is of average quality and the most suitable for color work in dentistry. The best source for white light is an overcast sky near the middle of the day. 
     After selecting the proper color the best color results can be secured when the labial wall of the finished crown is at least 1mm thick. The cement used will affect the color and should be taken into consideration. 
Conclusion: To successfully select and reproduce tooth color a clear conception of the three dimensional nature of color is necessary.

20-001. Clark B. Color matching in dentistry. JADA 20:1065,1933.
Historical Perspective for Tooth Color Selection
I. Primary Colors: red, yellow, green, blue

II. Color Dimensions:
1. Hue - quality of color as it relates to the spectrum; boundaries established between the reddest yellow and greenest yellow
2. Brilliance - property of lightness and darkness; scale begins as black as zero and extends to white as a maximum; boundaries established between the lightest and darkest colors.
3. Saturation - strength of the hue; boundaries established between the strongest yellow and neutral gray. 

III. Color Selection:
1. Illumination - White light is most suitable for color work; best source: overcast sky near the middle of the day.
2. Characterization - solid colors make artificial teeth look false; nature of the finish
3. Cementation - translucent vs grey cements

20-002. Preston J. and Bergen S. F. Color Science and Dental Art. C. V. Mosby, St. Louis, 1980, Ch. 3.
This is a chapter on white light and it's following properties:

ADDITIVE COLOR MIXING
1. Mixing of colored lights to yield white light is termed "additive color"
2. This phenomenon applies only to light -- not to pigment systems
3. Cyan, yellow and magenta are additive secondary hues
4. All three primary colors combined, white light is generated
5. Combinations of a primary color and its opposing secondary color are known as 'complementary colors'.

SUBTRACTIVE COLOR MIXING
1. White light passed through a filter, some wavelengths are absorbed and therefore subtracted from the spectral content of the light that originally entered the filter.
2. Subtractive system is the converse of the additive color system
3. Three primary hues of subtractive color mixing are Cyan, magenta, and yellow
4. When all three subtractive primary colors are mixed, all light is absorbed and black is the result

PARTITIVE COLOR
1. Psychological set of primary colors are red, green, blue, and yellow
2. Illustrated by pointalistic painting or comics, when viewed from a distance dots appear to fuse and a blend of the color is perceived.
3. The additive result from mixing subtractive complementaries is a classic example of "partitive color"

SPECTRAL REFLECTANCE
1. Color can be said to be a substance that absorbs different wavelengths to varying degrees
2. "Color is not a characteristic of objects but, rather, of light which enters our eyes from them"
3. If a source does not contain a particular wave band, that band cannot be reflected.
4. The color of an object is dependent upon the source of light which is reflected.

METAMERISM
1. Pairs of colored objects that have the same spectral curve will always match regardless of the light in which they are viewed.
2. Pairs of colored objects that do not have the same spectral components may or may not match under different lighting conditions.
3. Metamerism is a complicating factor in shade selection and can only be recognized and explained, but there is no solution for it.
4. Patients should be made to understand that in some situations a restoration may not match as well as in others and that this is an "occurrence," not a "fault".

20-003a. Sproull, Robert C. Color matching in Dentistry. Part I. The three-dimensional nature of color. J Prosthet Dent. Vol. 29, No.4, 416-423, 1973.
Purpose: Explore the 3D nature of color and the correct terminology.

MUNSEN COLOR ORDER SYSTEM 
The system of choice for color matching in Dentistry. It’s a 3D color tree, described as a sphere or cylinder. It could be considered as a series of wheels stacked one upon the other, in order of ascending lightness. A colorless axis extends through the center of the sphere, pure white at the top, and pure black at the bottom. A series of grays connect the extremities. The three dimensions are:
1. Color (Hue)= arranged around the axis, and subdivided in ten segments.
2. Value= lightness or darkness, within each hue, arranged in scales. Scales goes from Value 0 (black) to Value 10 (white). Pure white (10) and pure black (0) are unattainable. Low values refer to dark colors and high values refer to light colors. Ex: black and white T.V. 
3. Chroma= purity of strength. The quality by which we distinguish a strong color from a weak one. Colors are the purest on the outer skin of the cylinder or sphere, and become progressively grayer as they approach the gray value axis. Ex: adding gray to red will be perceived as a less pure red, the chroma is reduced. Adding gray always reduces chroma. If a gray of higher value (closer to white) than the original the original color is used, the resulting color will be the same hue, lessened chroma and higher value.
     In the Munsell System, the notation is the following. The H is preceded by a number to indicate precise subdivisions of hue. Ex: 5R 7/8, 5 subdivision of red, value 7 and chroma 8.
Conclusion: The ideal system has not been completely achieved, but that does not detract from the worth of the system. 

20-003b. Sproull, Robert C. Color matching in Dentistry. Part II. Practical applications of the organization of color. J Prosthet Dent. 29:556-566, 1973.
Purpose: Study the requirements for a color shade guide. 

REQUIREMENTS FOR A TOOTH SHADE GUIDE: A logical arrangement and adequate distribution in color space. The ideal color space is one in which each color is the center of a sphere of color, and the closest match surrounds it.
COLOR SPACE OF THE NATURAL TEETH AND SHADE GUIDES: Different studies performed by Hayashi and Clark using natural teeth , measured the ranges of Hue, Value and Chroma of natural teeth. Extreme ranges of Hue were seldom seen, only 1.1% of the teeth in the study tended toward the greenish yellow, and 4.3% toward the reddish yellow. The ranges of the Hayashi study and the spectrophotometer were used for the article.
Available shade guides do not extend through the volume of color space and lack order or relationship between tabs. There is duplication of color and voids of color in other areas of color space.

RECOMMENDATION: Shade guides should be arranged according to the Munsell System. Two guides have been proposed:
1. Hayashi guide-81 teeth studied, 125 color tabs.
     a. Five Hues 8.7 YR to 3.75 Y in 1.25 intervals.
     b. Five Values for each Hue 6/ to 8/ in 0.5 intervals.
     c. Five Chromas for each Hue /1 to/5 in unit intervals. 
2. Clark Tooth Colour System- 6,000 teeth studied and 60 color tabs.
     a. Each tab has gingival and incisal color.
     b. There are 703 colors: 342 gingival and 361 incisal.
     c. Advises concerning positioning of patient illumination and evaluation of colors of the teeth.

Discussion: Hayashi placed all his 125 colors in the shade guide, and Clark placed 60 colors, arriving at other colors by interpolation. Spectrophotometric measurements indicate that as teeth go from Yr to Y, they become lighter and less saturated. Problems with color matching include; paper and natural enamel are very dissimilar, metamerism, human observer, angle of viewing and distance of viewing.
Conclusion: Increased research on color problems should be encouraged. Shade guides should be based on the Hayashi and Clark type guides ,and porcelain should be developed to match these guides.

20-003c. Sproull, Robert C. Color matching in Dentistry. Part III. Color control. J Prosthet Dent. 29; 146-154, 1974.
Purpose: Present unfamiliar color technology and terminology.
Discussion:
A. Perception of color
  1. Light source ; incandescent, noon and average daylight.
  2. Surface viewed- accomplished with a spectrophotometer, breaks down a standard light source into a series of sequential monochromatic beams.
  3. Individual observer.
  4. Final perception- modification of the message by the eye of the individual, creating stimulus which the brain converts into color perception.
B. Metamerism: Defined as invisible spectral differences. Dependent upon: 
  1. Control-knowledge of metamerism, reduces potential disasters.
  2. Surface viewed- dependency upon the manufacturer to use correct pigments, to simulate enamel.
  3. Individual observer-elusive, since the dentist can have color vision deficiencies.
  4. Light source- color match should be done under at least two sources of light.
Conclusion: Knowing the terminology of color can help the dentist, make a more intelligent and logical approach to color matching.

20-004. Donahue J., Goodkind R., et al. Shade Color Discrimination By Men And Women. J Prosthet Dent, Vol 65, 699-73, 1991.
Purpose: To investigate whether woman are more able than men to select shades accurately, as measured by common agreement.
Materials & Methods: Six women and six men, all dental students, were selected and given the Farnsworth-Munsell 100 Hue test and the Farnsworth D-15 test to rule out any inherent color deficiencies. They then used 3 different shade guides and 3 different light sources to match each others' teeth. Students selected shades for the gingival third and incisal third sites of selected maxillary teeth,(a total of 66 sites). The students rotated use of different shade guides and light sources. Descriptive statistics and ANOVA were performed on the data. 
Results/Discussion: Generally, there was no significant findings with the use of three light sources and two shade guides for men at the p < 0.05 level. For women, the light source made a difference. The men, as a group, showed borderline more (63% to 58%) uniform shade selection than the women. With the light sources and shade guides used in this study there was little overall agreement among examiners when they tried to match colors of teeth. 
Conclusion: Women do not agree with one another more than men in shade selection. No particular light source and shade guide improved agreement for men. Vita Lumin light source increased agreement with women. When a patient's teeth are to be matched with a given shade guide, there is no reason to select the clinicians according to gender; rather, clinicians should be screened for color vision.

20-005. Presswood R. G. Esthetics and color: Perceiving the problem. DCNA 21:823-829, 1977.
Review Article: Symposium on Ceramics
Qualities of Color: 
  1. Hue: the true color
  2. Chroma: the saturation of the color
  3. Value: the intensity or brightness of the color

Color Matching:
  1. Shade matching should be done by as many pairs of eyes as possible.
  2. Women generally have a higher acuity for color selection than men.
  3. Shades should not be selected electively or affirmatively, but rather by elimination.

Laboratory Procedures and Responsibilities: Refer to article.

Summary: The only consistent way to achieve acceptable esthetic results is to:
  1. limit the number of perceiving eyes that are used in the decernment of color and esthetic value
  2. ensure that the restoration is started and completed in the same physical environment (dentist, light source, and background color or effect). 

20-005. Ronald G. Presswood, DDS. Esthetics and color: Perceiving the problem. DCNA, Vol. 21, No.4, October 1977, pp823-829.

Purpose: To discuss difficulties encountered in selecting shades and give a recommended procedure for providing quality restorations of appropriate color
Materials and Methods: Authors experience and cited references.
Results: Failures in shade selection are most probably caused by not eliminating the variables that lead to unsatisfactory results. The most encountered problem is mismatching the shade during fabrication of the prosthesis. Selecting the color of a natural tooth can be accomplished if certain fundamentals are understood and practiced. These fundamentals are color, comprehension of those factors which affect color selection, a methodology of matching shades, proper communication with the laboratory, proper lab procedures, and proper finishing of the restoration. Color is light modified by an object as perceived by an eye. Color has three qualities hue, chroma (saturation), and value(intensity or brightness). Use as many eyes as possible in selecting a shade. Have a brightly illuminated room with a neutral background. The prescription should be limited to true color, shade, or hue; transition zone (placement of body and incisal porcelain); and other legal required information. The lab should not be responsible for a characterized restoration, this is the dentist responsibility. The restoration should be delivered to the mouth in a medium to high bisque bake state. After adjustments if the shade is proper the surface of the restoration may be characterized. 
Conclusion: The significance of this entire procedure is to reduce the number of perceiving eyes that are used in the fabrication of the restoration to one.

20-006. Preston J.D., Ward l.C. and Mitchell B. Light and lighting in the dental office. DCNA 22:431-451, 1978.
GENERAL CONSIDERATIONS:
Visual Task: Define what is to be accomplished in the particular area, and determine what amount of light is required.
Blocking Shadows: Sufficient ambient lighting to reduce shadowing.
Difference in Brightness: The ideal ratio of task illumination to room illumination is 3:1.
Glare: Excess light.
Veiling Reflections: When a glossy surface is illuminated, reflected light may obscure the viewer's perception of the surface.
Pleasantness: Sometimes an area may be illuminated for the specific purpose of being a pleasant place to pass time.
Age of the Viewer: As age advances more light is required to accomplish a task.
Light and Heat: The fluorescent fixture is much more effective than the incandescent but still produces a large quantity of heat in the effort to emit light.
Cost: The higher the lumens per watt, the lower the cost of the overall lighting. Lamps will last longer if burned with only one start per user day and are not turned off and on unnecessarily.
DENTAL OFFICE AREAS:
Reception: Conveys personality of the office. Decrease anxiety by lowering levels of illumination.
Office: Ample illumination to ensure effective and efficient work.
Operatory: Use fiberoptics. Place lighting units parallel to the work area and out off the direct line of the patients sight. 5500o K is best for color matching. 200 to 300 foot candles (fc) recommended light level for operatory. 
Powder Room: Incandescent with a pink hue works well, but this light may not exhibit the best color match of a "new" dental restoration.
20-007. Barna, G.J., et al. The influence of selected light intensities on color perception within the color range of natural teeth. J Prosthet Dent 46:450-453, 1981.
Purpose: To determine the effect of various batches of porcelain on the shade of three porcelain-bonded-to-metal systems.
Materials & Methods: Thirty-six 15x15mm square specimens were invested with two types of commercially available high nobel alloys, degassed, and divided into three groups of 12 specimens each for application of porcelain. Three different batches of three commercially available porcelains (VMK-68, Ceramco, and Bioblend) were applied to the metal surfaces via the manufacturer's recommendations and final glazed. Nine observers were selected after color matching exams, and asked to observe the specimens under natural and artificial daylight.
Results: 
1. No perceived color changes among specimens of individual batches. The shade color among three specimens of each batch matched visually.
2. Slight color difference noted among the three batches of VMK-68.
3. Two of nine observers noted similar changes among the other two batches.
4. None produced a shade to match the manufacturer's standard shade guide.
Conclusion: 
1. No color differences were found among specimens of individual batches.
2. Discerning color changes were observed among three batches of one brand of porcelain.
3. The porcelain fired in the laboratory may not match the manufacturer's standard shade guide.
4. Batch to batch variation of porcelain may necessitate the fabrication of customized shade tabs with fresh batches of porcelain.

20-007. Barna, G.J., et al. The Influence of Selected Light Intensities on Color Perception Within the Color Range of Natural Teeth. J Prosthet Dent 46:450-453, 1981.
Purpose: To determine the effect light intensity has on color perception within the color range of natural teeth.
Methods & Materials: A test room was built with color-corrected fluorescent light fixtures. The walls were painted light gray. Bergen’s test for color was used. Twenty-five sample color chips were mounted on an 8 ½ x 11 inch card with a neutral gray background. Value of the color chip’s samples was 7.75. Hue ranged from 0.7 yellow to 2.95 yellow. Chroma ranged from 2.85 to 3.6. A second set of identical color samples were matched by the participants to the mounted card. Fifty dentists from NNDC Bethesda participated in the study. The light intensity of the room was varied and kept in a random order.
Results: Seven of the fifty subjects were found to be color defective. Differences between figures at the various light intensities for the hue and chroma were not significant for either the normal or the color defective subjects.
Conclusion: Intensity of office illumination is not critical for matching tooth shades. It is recommended that color corrected bulbs be used to allow the full spectrum of color to be seen. Neither the specialty of the dentist or time in practice appeared to be a factor in making color discrimination.

20-008. Alejandro Obregon, D.D.S., M.S., Richard J. Goodkind, D.M.D., M. S., and William B. Schwabacher, B. Chem., Ph.D. Effects of opaque and porcelain surface texture on the color of ceramometal restorations. J Prosthet Dent 46: 330-340, 1981.
Purpose: To compare effects of various opaque and surface texture on two different shades of porcelain
Materials & Methods: A total of 80 ceramometal samples were made with 2 different types of texture in the opaque (glossy and dull) . Ceramco porcelain, shade A3 and B1, (smooth and rough) texture was applied to these samples. Each sample was analyzed in a recording spectrophotometer, and CIE notations were calculated. This was translated to Munsell scales (Hue, Value, Chroma)
Results: Hue: Porcelain surface texture (rough/smooth), did not make a difference Opaque (glossy) had a shift A3 to yellow-red, and B1 to yellow.
Chroma: Shade B1 dull opaque > glossy opaque, in chroma Shade A3 dull opaque/glossy porcelain, had decreased chroma
Value: A3 additive effect for opaque and porcelain textures B1 increased by smooth surface porcelains
Conclusions: The data shows that the surface texture of porcelain/opaque can have an effect on the color of ceramomometal restorations. These interactions are very complex and may be related to the modification of light by refraction, reflection, transmission, scattering and absorption. 

20-008. Obregon A., Goodkind R. J. and Schwabacher W. B. Effects of opaque and porcelain surface texture on the color of ceramometal restorations. J Prosthet Dent 46:330-340, 1981.
Purpose: Compare effects of various opaque and surface texture on two different shades of porcelain.
Discussion: Three factors influence the color of a porcelain crown: 1). the characteristics of light source; 2). modification of light by the porcelain crown; 3). interpretation of these effects. 
     Characteristics: visible light wavelength 380-750nm; <480-blue; 480-560-green; 560-590-yellow; 590-630-orange; >630-red. Northern daylight is high in blue and less in red and yellow. 
     Modification: scatter, transmission, absorption, reflection, refraction surface texture/gloss, fluorescence, definitions /explanations translucency - only part of light passing through is scattered opacity - no light passes through due to intense scattering white -no light absorption transparent - unchanged light refraction - change of direction of light by change of its speed through different materials; amount of change of direction depends on wavelength specular reflection (gloss) - the angle of incidence = the angle of reflection texture - controls degree of scattering and reflection
Materials & Methods: 80 ceramometal samples; 2 different types of surface texture(glossy and dull) in the opaque and in the porcelain applications(Ceramco A-3 and B-1). Opaque: 2 layers fired and on second firing the glossy group the temperature was raised by 10 degrees F. Porcelain thickness controlled by mold former; smooth-wet/dry 400 grit sandpaper; rough-air abrasive aluminum oxide. Analyzed in the recording spectrophotometer, CIE values were calculated and translated to Munsell scales.
Results/Conclusion: Surface texture can affect the color of a restoration.
Hue: porcelain surface texture(rough or smooth) did not make a difference opaque surface/glossy did
Chroma: B1 greater for dull opaque than glossy opaque
A3 dull opaque and glossy porcelain decreased
Value: A3 additive effect of opaque and porcelain textures
B1 increased by smooth surface porcelains
     Complex interactions occur as a result of altering the surface roughness of the opaque and the porcelain applications. These may be related to modification of light by absorption, reflection, refraction, scattering and transmission.

20-009. Schwabacher W.B., Goodkind R.J. Three dimensional color coordinates of natural teeth compared with three shade guides. J Prosthet Dent 64:425-431,1990.
Purpose: To identify the lack of coordination between popular shade guides and the actual color of teeth.
Methods & Materials: Vita Lumin, Trubyte Bioform, and E.B. Clark shade guides were evaluated using a spectrophotometer and charted three dimensionally in accordance with Munsell's color space model. The Hue range of the teeth was limited to the yellow/yellow-red. The Value range intervals were very small because the unaided eye can differentiate these variations. 
Results: Plotting out the Hue, Value, and Chroma for natural teeth, the configuration of the points took the appearance of a "flounder-like fish swimming at a vertical tilt through Munsell's three dimensional space towards a point high on the neutral axis". his configuration is significant when you have chosen an appropriate Hue and Value because in natural teeth, there is a very narrow range in Choma that will then correspond. Teeth of high Chroma tended to be more red while those of lower Chroma were more yellow. The least saturated and most yellow points possessed the highest Value. Vita shades A2,A3, and A3.5, and Bioform B65 and B77 most closely resembled the Values of the natural teeth.
Conclusion: Shade guides were deficient in their darker, redder shades as well as the lighter, yellow, and more saturated teeth. Most shade tabs tended to be too yellow. The Hue, Value, and Chroma are not independent when you try to select colors to match natural teeth.  

20-009. WB Schwabacher, Ph.D, and RJ Goodkind, DMD, MS. Three-dimensional color coordinates of natural teeth compared with three shade guides. J Prosthet Dent 1990; 64:425-31.
Purpose: To compare the three dimensional color coordinates of 2832 human teeth to three shade guides (Vita, Bioform, and the EB Clark shade guide).
Materials and Methods: Measurements of the shade guide tabs were recorded on the middle of the tabs to ensure comparability. The tab reflection spectra of the shade guides were measured spectrophotometrically. The values for the shade guides and vital teeth were converted to hue value and chroma and arranged spatially in the Munsell three-dimensional color space. The wedge shaped hue chroma projection was separated into sections corresponding to various value levels.
Results: The hue value and chroma for the shade guide tabs as well as the vital teeth were recorded in color space.
Conclusion: The shade guides studied did not match the color space of vital teeth. Porcelains are too yellow with respect to patients teeth. The configuration of points in space of the in vivo suggest that a representative shade guide can be assembled similar in number to current guides because hue, value, and chroma are not independent.

20-010. O’Brien, W.J.; Boenke, K.M.; Groh, C.  Coverage errors of two shade guides. J. Prosthet Dent. 4; 45-50, 1991.
Purpose: Develop an index for estimating the relative error of a given shade guide, in terms of data on the colors of the human teeth.
Materials & Methods: 
A. Shade guide colors
   1. Bioform, Vita-Lumin and a combination of both.
   2. The lingual surfaces were covered with Barium-Sulfate with a reflectance of 90%, to provide a consistent background.

B. Tooth Colors - Surveys were based on spectrophotometric measurements made on extracted teeth.

Discussion: The CIE a*b* color system has three parameters L*,a*,b* define color. L* correlates to Munsell value, a*(along the red-green axis) and b*(along the yellow-blue axis). A computer program compares each tooth with each shade guide color, and calculates the CIE L*a*b* color difference(E^).
     The average of this color differences is an index of the coverage error(^E cov). The coverage error is the average differences between the tooth colors and the nearest shade guide match.
     The color differences with ^E* lower than 3.3 are acceptable. The percentage of teeth that had ^E* OF < 3.5 for the closest match was 70%, and 75% for Bioform and Vita respectively. The combination of both results in 79% of the teeth having ^E*< 3.5 for the closest match.
Conclusion: The combination of Bioform and Vita-Lumin shade guides produced a smaller coverage error than either two shade guides alone. It is recommended that clinicians use both shade guides, when matching the color of their patients teeth.

20-010. O'Brien W.J. et al. Coverage errors of two shade guides. Int J Pros 4:45-50,1992.
Purpose: Develop an index for estimating the relative error of a given shade guide in terms of existing data on the colors of human teeth.
Discussion: The dental profession has previously defined color in terms of Munsell Hue, Value and Chroma. The CIE L*a*b* color system was developed to quantify color difference. The 3 parameters of this system are: L* correlates to the Munsell value; the a*(red-green axis) and the b*(yellow-blue axis) describe the chromatic component.
Materials & Methods: Bioform, Vita Lumin, and a combination of the two shade guides were compared spectrophotometrically to the published colors of 335 human teeth. The minimum CIE L*a*b* color difference for each tooth color compared with each shade guide was calculated. The average of these color differences was defined as the coverage error. 
Results/Conclusion: No significant difference was found between the commercial shade guides as they pertain to coverage errors. The combined shade guide coverage error was significantly lower. Inherent problems mentioned by the authors were comparison to extracted teeth. Use of multiple shade guides will reduce the coverage error component in the tooth shade matching procedure.

20-011. Barghi, N., Pedrero, J.A.F. and Bosch, R.B. Effects of batch variation on shade of dental porcelain. J Prosthet Dent 54:625-627, 1985.
Purpose: To evaluate the influence of light intensity on the ability to discriminate color differences within the color range of natural teeth.
Materials & Methods: A 156 cubic feet room was constructed. The only lighting was provided by two four-bulb florescent fixtures fitted with color corrected tubes and polarizing diffuses. Twenty-five sample color chips were mounted on an 8 1/2x11 inch card with a neutral grey background. Five color chips from a second identical set of color samples were selected at random and matched by test participants to the 25 card-mounted samples. The card was rotated 90 degrees at each change in light intensity to prevent test subjects from "learning" the test. Fifty dentists participated, seven were found to be "color defective". Statistical comparisons between the responses of the "normal" and "color-defective" subjects at the various light intensities for both Hue and Chroma were made by means of the Student t-test and chi-square test.
Results: 
  1. For subjects with normal vision and color defective showed no statistical difference.
  2. Differences in various light intensities for both Hue and Chroma were not statistically significant for either the normal or the color-defective.
  3. No Statistical differences for responses for subjects with less than 10 years experience or more than 10 years were noted.
  4. No statistical difference for prosthodontist as opposed to other specialist was noted.
  5. No statistical differences were noted when responses were compared to determine whether learning occurred as a result of previous testing experience.
Conclusion: Shade selection is not significantly affected within the range of 75 to 800 fc. Neither the specialty of the dentist nor the amount of time in practice appeared to be a factor in making color discriminations. 

20-011. Barghi, Nasser, Fernandez, J.A. ,Bosch, R.R. Effects of batch variation on shade of dental porcelain. J Prosthet Dent 54, 5, 625-627, 1985.
Purpose: Determine the effect of various batches of porcelain on the shade of three porcelain bonded-to-metal systems.
Materials & Methods:
  1. Three different batches of three commercially available porcelains were applied to 36 specimens of two noble alloys.
  2. Specimens were invested, casted, receiving manufacturer’s recommendation for surface treatment before application of porcelain.
  3. Opaque was mixed, applied, fired and thickness was measured.
  4. Specimens were brought to high firing, porcelain was reduced, and cleaned ultrasonically before glazing.
  5. Nine observers examined the specimens under natural and artificial light.
Conclusion:
1. No color differences were found among specimens of individual batches.
2. Color changes were observed among three batches of one brand of porcelain.
3. Porcelain fired in the lab may not match the manufacturer’s standard shade guide.
4. Batch to batch variation may require construction of a customized shade guide with fresh batches of porcelain.

20-012. Goldstein, R. E. Esthetic Principles for Ceramometal Restorations. DCNA 21:803-822, 1977.
Purpose: To discuss some of the principles and solutions to the most common esthetic problems for ceramometal restorations.
Discussion: The high lip line is the most difficult to deal with aesthetically. If a crown is necessary, than a porcelain butt joint should be used. Arch irregularities may cause the final restorations to not look bilaterally symmetrical. The interincisal distance is the difference in incisal length between maxillary central and lateral incisors. In general, you should decrease for an older look and increase for a youthful look. Incisal embrasure is the space between incisal tables of adjacent teeth. Increase in IE results in natural appearing restorations. A correct emergence profile is essential for both functional maintenance and an esthetic restoration. Visualization of the end result is very important to achieving successful esthetics (fabricate and evaluate provisionals prior to final impression). Final shaping and contouring to influence personality, age, and sex should be done at the esthetic try-in. 
     Diastemas should be closed by orthodontics when possible. To close diastemas, use the least number of teeth possible and slightly enlarge each tooth equally. Separation of teeth can be very difficult with multiple unit restorations. Place the proximal connector as lingual as possible, lengthen incisal embrasures, use vertical textures to emphasize length, and use surface stains between teeth. Crowded teeth are corrected doing the opposite of diastema closure, flatten the labial surface by bringing the contact labially and leave proximoincisal angles as acute as possible to emphasize width.
     Long teeth are generally caused by the presence of gingival irritation that caused apical migration of tissue or periodontal therapy. Short or long teeth can be dealt with by periodontal surgery or by the illusion of changing shapes and staining of the restorations.
     Loss of interdental tissues can be dealt with by a removable insert or by addition of gingival tone porcelain.
     Record shade prior to beginning treatment. Record first in color corrected light, outdoors in the shade, and then under incandescent light. Have the lab develop a custom shade guide. Build in color rather than add it by surface stains. 

20-013. Barghi N. and Goldberg J. Porcelain Shade Stability After Repeated Firing. J Prosthet Dent, Vol 37, 173-75, 1977
Purpose: To examine the effect of repeated firing on porcelain color stability. 
Materials & Methods: Sixty specimens of porcelain, (30 vacuum-fired and 30 air-fired), were selected out of 80 original specimens which were prepared to uniform shape and size using manufacturer's specifications. Each group of 30 was divided into 10 groups of 3. Each group of 3 was ground with sandpaper discs, ultrasonically cleaned, and air fired to medium glaze from 1 to ten times. They were all mounted on a 14x16 inch board, and 7 people ( 2 prosthodontists, 2 general dentists, and 3 dental students ) were asked to compare the samples for variation in hue, chroma, and value under natural and artificial lights. 
Results/Discussion: Undetectable color changes through the 5th firing for air-fired porcelain. A progressive decrease in value and increase in chroma was noted from firings 6-10 with no change in hue. The color of vacuum-fired porcelain was judged to be more stable with hue and chroma remaining stable through 10 firings. This can be attributed to more air vacuoles in air- fired porcelain than in vacuum-fired porcelain. An increase in grindings and firings would increase density and result in more noticeable color change. 
Conclusion: No detectable color changes through 5 firings. Slight changes noted in subsequent firings. Vacuum-fired more color stable. If firing procedure is carefully done, then significant color changes following repeated firings is not anticipated.

20-014. Jacobs S.H., Goodacre C.J., Moore B.K., Dykema R.W. Effect of porcelain thickness and type of metal-ceramic alloy on color. J Prosthet Dent 57:138-145.
Purpose: To evaluate changes in Hue, Value, and Chroma created by varying dentin porcelain thickness, porcelain shade, and type of metal-ceramic alloy.
Methods & Materials: Eighty-one patterns were fabricated varying three thicknesses of porcelain, 0.5, 1.0, and 1.5mm. These thicknesses were of Vita porcelain shades B1,A3,and C4 and were baked on three metals, gold-platinum-palladium, nickel-chromium. and high palladium.
     Each pattern was analyzed by a spectrophotometer and by the human eye to try and detect differences. The samples were evaluated by two means: comparing similar metal types with different thicknesses of porcelain and comparing different metal types with different shades of porcelain. The examiners had either normal color vision or anomalous color vision.
Results: The Hue of porcelain on gold-platinum-palladium metal tended to be closer to the yellow-red. The biggest differences were noted in the porcelain on nickel-chromium which decreased in Value and increased slightly in Chroma as the thickness increased. The darker shades on this metal tended to shift towards the yellow-red Hue. Only the thickness changes from 0.5-1.0mm significantly changed the color so a bulk of porcelain of a millimeter or more should produce nice aesthetics. Lighter shades of dentin porcelain were more closely matched to the opaque shade and as a result, there was little difference of shade at any thickness. This is important when preparing an adolescents tooth that has a large pulp cavity because less reduction would be needed to get satisfactory results.
Conclusion: More subtle differences were noted by the eye than by the spectrophotometer. Alloy differences created some change in the Hue especially in the shade A3. Thickness of porcelain was more critical with darker values where the opaque shade least matched the dentin porcelain. The greatest differences were between 0.5-1.0mm. Examiners with color blindness could pick out Value changes well but could not differentiate chromatic aspects well.

20-014. SH Jacobs, BDS, MSD, et al. Effect of porcelain thickness and type of metal-ceramic alloy on color. J Prosthet Dent 57:138-145, 1987.

Purpose: To visually and spectrophotometrically evaluate changes in hue, value, and chroma created by varying the type of alloy, the dentin porcelain thickness, and the porcelain shade.
Materials and Methods: Three different alloys (gold-platinum-palladium, nickel-chromium, and high palladium) with three different shades of porcelain (VMK 68 B1, A3, and C4) were fabricated. The dentin porcelain thickness was varied (0.5, 1, and 1.5) for each alloy and shade. 27 specimens for each alloy were prepared. For consistency in opaque application a spray-on technique was used. The porcelain was then added at different thickness levels. Spectrophotometric analysis and visual analysis by 15 people was completed.
Results: The spectrophotometric analysis provided data on hue, value and thickness and is reported in tables in the study. The visual analysis provided data as to whether or not a color difference was perceptible, very perceptible, or not perceptible; also if the examiners could list the specimens from light to dark. These results are provided in tables in the study.
Conclusion: Subtle changes were noticed more often with the eye than with the spectrophotometer. The type of alloy used produced only minor variations in hue with shades B1 and C4, but when shade A3 was used significant differences in hue were noted spectrophotometrically between both the nickel-chromium and high-palladium alloys and the gold-platinum-palladium alloy. No significant differences were noted in chroma and value. Visually, nickel-chromium specimens were significantly different in color when shade A3 was used.
     Differences in porcelain thickness was noted but when the opaque color porcelain closely matches the dentin color porcelain a color match can be achieved with less overall porcelain thickness.

20-015a. Sorensen, J.A. and Torres, T.J. Improved color matching of metal-ceramic restorations. Part I: A systematic method for shade determination. J Prosthet Dent 58:133-139,1987.

Problems in color matching
  1. The observer has physiological limitations to his ability to discriminate color and often inadequate training in color science.
  2. Viewing conditions of the observer often vary from those of the ceramist.
  3. Shade guides which do not represent well the shades of human dentition, and which really don't simulate the conditions under which the dental material will be used.
  4. Inadequate technology to analyze the patient's tooth coloration scientifically.
  5. Communication of the dentists desires to a lab technician.

Guidelines for shade selection
Fifteen general guidelines are described for improving shade selection.

Systematic approach to shade selection
  1. Make first determination of hue from Lumin-Vacuum shade guide.
  2. Next, the VMK shade indicator chart is used as a guide to help in the selection of the appropriate opaque, body, and incisal shades.
  3. Finally, the prescription is written, including diagrams to indicate areas that will require special characterization.

20-015b. Sorensen, J.A. and Torres, T.J. Part II: Procedures for visual communication. J Prosthet Dent 58:669-677, 1987.

Documentation of the characteristics desired in a porcelain fused to metal restoration is essential in order to communicate with the ceramist.

Methods for accomplishing that task include:
  1) A means of recording and communicating surface texture
  2) A prescription form that functions in coordination with the Shade Indicator Chart system
  3) An identification tab mold for making identification shade tabs
  4) Methods for mapping dental characterization patterns.

The authors describe their technique which includes:
  1) Custom fabricated surface texture tabs
  2) Detailed prescription forms
  3) A silicone mold used in fabricating tooth-shaped shade tabs to verify color fidelity of the porcelain shades requested in the prescription. The tab can be fabricated quickly and easily and poor shade match can be identified prior to fabrication of the actual restoration.

20-015c. Sorensen, J.A. and Torres, T.J. Part III: Innovations in porcelain application. J Prosthet Dent 59:1-7, 1988.
Purpose: To present an approach to porcelain application that compensates for the inadequacies of current metal-ceramic materials.
Methods & Materials:
1. Place opaque modifiers in areas of minimal reduction to counter the expected low chroma/high value. Either violet or pink is diluted with white opaque to subtly modify shades.
2. Opacous dentins are then applied in the same areas to achieve the same effect. A table is presented which gives mixing ratios for different shades of opacous dentins (Vita A -D).
     The older the patient, the greater degree the use of opacous dentin.
3. The ceramist can achieve greatest esthetic results in the incisal third. Three blends of porcelain are used for the incisal third : a) incisal shade as selected by dentist b) transparent incisal c) a 1:1 mix of a & b above (blended incisal). Alternating short vertical strips of the three incisal porcelains are placed at the incisal most portion of the incisal third. The mesio-incisal and disto-incisal point angles use transparent as well as the junctions of the proximal thirds with the middle thirds. The rest of this addition is comprised of alternating strips of pure incisal and blended incisal (a & c above). The next addition fills the rest of the incisal cutback. It has two strips of transparent incisal porcelain close to the mesio-distal center of the tooth separated by one strip of blend. There is also one strip of transparent just lateral to the junctions of each of the two proximal thirds with the middle third. The balance of this portion is comprised of alternating strips of pure incisal and blended incisal.
4. Addition for contact areas is performed by adding transparent incisal in the incisal half and opacous dentin in the cervical half.
5. Color photographs and diagrams in the journal clarify the technique but don't xerox well.

20-016. Rosenstiel, S. and Johnston, W. The Effects of Manipulative Variables on the Color of Ceramic Metal Restorations. J Prosthet Dent, VOL. 60, 297-303, 1988.
Purpose: To describe the variability among color parameters obtained with a small- area colorimeter for samples of dental ceramic metal restorations and to determine how differences in manipulative techniques and materials affect the color of these restorations. 
Methods & Materials: A typical ceramic metal tooth preparation was made on an ivorine central incisor typodont tooth. Sixty-five similar framework patterns were made using a thermoplastic coping material that was modified with inlay wax added to a silicone mold. Sixty were cast in a gold-palladium alloy (Olympia). Five were cast in a palladium-based alloy (pg. 80 ) for compatibility with Crystar porcelain (Unitek Corp.). Metal copings were treated as per manufacturer’s instructions and divided into thirteen groups, crowns were built up "free hand", and fired. The color of each crown was measured in a midfacial location with a Minolta CR-121 small-area colorimeter. The influence of the following variables were tested: Firing temperature, condensation technique, modeling liquid, and brand of porcelain.
Results: The results were expressed in the CIELAB color system enabling comparisons to be made as to visual perception. The greatest color differences were found between porcelains of different nominal shades. Significant differences were found between different brands of porcelain of the same nominal shade. These differences should be visually perceivable. Choice of modeling fluid and condensation technique did not affect the color significantly, but may be just visually detectable. Color differences produced by altering firing temperature are quite small and not visually detectable. 
Conclusion: The small-area colorimeter is able to detect statistically significant and perceivable color differences between shades of porcelain. Restorations made with the different brands of porcelain studied have noticeably different colors despite having the same nominal shade. Color changes caused by choice of modeling liquid, variations in firing temperature, or condensation technique were not statistically significant.

20-017. Shapiro, Jeffery R. and Resk, Richard E. Color management. Curr Op in Cosmetic Dent 1994:139-145.
Purpose: To highlight some important issues in color management from both the clinical and technological points of view.
Materials and Methods: Authors experience and references. 
Results: Color matching as a dental art and science: Sproull established the shade range of natural teeth through the use of spectrophotometry in 1973. This introduced the concept of dental color matching as a science.
Color vision defect: 9.3% of men exhibited a color vision defect in a study done in 1992. It is imperative that dentist get their eyes checked for vision defects once a year. The solution for the practitioner with a color vision defect is to employ a team effort.
Color matching in dentistry: The necessary conditions are:
-  A room with tinted blue walls or background
-  Overhead or hand held color corrected lighting 
-  Comparative lighting
-  As many shade guides as possible
-  Shade samples by operator to apply modifiers on restored teeth 
-  35 mm Photos or slides of samples
-  35 mm actual photo or slides with chosen shade
-  Shade diagrams
-  The color sample used for selecting shades should be .75 mm thick. 
-  Shade guides are misleading because they are 5 mm thick.

The metal-ceramic crown: The thickness must be greater than 1.3mm -1.4mm. If a more translucent shade is required, a greater amount should be prepared. The porcelain margin solves the problem of the black margin line with a metal margin. 
Use of modifiers: To lower the value of opaque porcelain use violet, gray, pink, and brown and incorporate them into the formula. Extrinsic staining used improperly will cause metamerism.
Fluorescence of dental porcelain: Natural teeth emit a strong blue fluorescence under the action of ultraviolet beams. Fluorescence is necessary in dental porcelains, but there are so many variables that make it impossible to control. Bonding materials, color modifiers, surface staining, and lighting are some factors that effect fluorescence. 
Composite resins: 58% of those surveyed found current shade guides inadequate for composite selection. Most composite resins respond to the vital bleaching regimen. This may be a viable technique to lighten the shade of some darkened or stained tooth restorations.
Glass ionomers: Their optical properties are inferior. They are very sensitive to hydration and dehydration. 
Bleaching: Microabrasion involves the loss of some enamel and the teeth appear more yellow after treatment. This yellow color is then easily bleached.
Indirect restorations: Initial shade selection, underlying tooth color and luting mediums will effect the color.

Conclusion: Differences in color between fired porcelain and shade guides and all restorative materials indicate a need for a standardized method of predictable shade production.

