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Abstract
This article is the third in a series of review articles discussing the
applications of color science to the clinical practice of dentistry. This
installment discusses contemporary techniques for shade selection
of teeth, as well as, challenges to successful clinical matching of the
tooth shade to dental restorative materials.

Introduction

This article is the third in a series of articles that will review
the fundamentals of color science as applied to the practice of
dentistry. The first article discussed the basic human perception
of color and reviewed the current accepted theory of human color
perception [1]. The second article reviewed the measurement
color, color difference calculations, and the principles of
colorimetry [2]. This article discusses the contemporary
techniques and challenges of clinically determining the color
of teeth, as well as, matching tooth shade to dental restorative
materials. The common theme for all three of the articles is
that an understanding of the principles of color vision, color
measurement, and the communication of color parameters
will improve the restorative dentist’s abilities to meet patient
expectations for biomimetic dental restorations.
The restoring of form and function of the dentition for dental
patients should be at the forefront of restorative dental care.
However, patients generally have high expectations for excellent
esthetic results. The incorporation of restorative materials with
the teeth resulting in a natural appearance in which the dental
restorative materials blend without detection should also be a
major goal of the restorative dentist [3].

Restorative dental materials and prostheses matched to
patient tooth color using contemporary clinical techniques
generally provide results acceptable by most patients
[4,5,6,7,8,9,10,11,12,13]. However, visual shade guides with
shade tabs are commonly used for shade selection and these
techniques are very subjective, and often these techniques
depend on numerous ambient factors and the color vision acuity
of the clinician. In the contemporary restorative dental practice,
colorimetric instrumentation can be used to choose a close color
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match. This article will discuss the visual and automatic device
techniques available for shade selection. It is recommended
that the first two articles in this series be reviewed to better
understand the concepts of color theory and colorimetry applied
to shade matching.

Materials and Methods

Manual, Visual Shade Selection Techniques
The most frequently used technique in the shade matching of
teeth to restorative materials is done manually and visually with
dental shade guides [14]. Using this method, shade matching
is accomplished by visually comparing a tooth with multiple
standards, usually represented as shade guide tabs, Figure
1. The shade selection done in this fashion is subjective and is
influenced by the ability of the human observer to choose the
best matching shade. Factors such as observer color perception,
observer bias, ambient lighting, and the acceptance threshold
of mismatch have effects on accurate shade matching. Also, not
all commercial shade guides cover all the ranges of value, hue,
and chroma present in human tooth structure [15]. The aging
of these shade guides combined with potential “darkening” of
the tabs due to cold sterilization create havoc if undiscovered.
The original shade guides represented only about 30 percent of
the color range of natural dentition. This range has improved
tremendously with the advances in colorimetry and improved
shade guides. None of the currently available laboratory
restorative material systems are available in more than two
shade systems with many available in only one. Quite often
this creates the need for “cross-matching” which requires the
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Figure 1: Dental shade Matching Tabs (Vita Classical A1- D4®).
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laboratory technologist to reformulate the material shades to
match the particular dentition. This is an extremely subjective
process which could lead to unacceptable mismatches. Another
problem is the influence of shade designation on the difference
in color in various brands of dental restorative materials. Kim
and Lee [16] found inconsistency in the color of the same shade
designation of composite resin materials by manufacturer brand.
This should be taken into consideration when selecting shades of
these materials clinically.

There are a variety of shade guides available to the
practitioner. Three examples are illustrated in Figure 2. Some
are universal shade guides in that they could be used for
matching ceramic materials and composite resin materials with
teeth. However, it is usually beneficial to use a shade guide made
of the corresponding restorative material. Examples of resinmade shade guides are Esthet-X® (Densply/Caulk, Milford, DL,
USA) Tetric Cream® (Coltene/Whaledent, Cuyahoga Falls, OH,
USA), Venus® (Haeraus Kulzer, South Bend, ID, USA), and Vit-lescence ®(Ultradent, South Jordan, UT, USA). The ceramic made
shade guides include the Vita line of shade guides (Vita North
America, Yorba Linda, CA, USA), Chromoascop® (Ivoclar Vivadent,
Amherst, NY), and Vintage Halo® (Shofu Dental, Menlo Park, CA).
Many of the manual, visual shade guides have similar design and
functionality, so we will concentrate on one line of products to
illustrate the manual, visual shade selection technique.
The VITA Classical A1-D4®shade guide (Vita North America,
Yorba Linda, CA, USA) was introduced to dentistry in 1956,
Figure 3. The VITA Classical A1-D4®is composed of sixteen tabs.
The tabs are arranged into four groups (A-D) based on hue with
increasing chroma within the groups. In this arrangement, Group
A is reddish-brown, Group B is reddish-yellow Group C is gray,
and Group D is reddish-Gray. As described by Paravina and
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Figure 3: VITA Classical A1-D4 Shade Guide® (Vita North America,
Yorba Linda, CA, USA).

Powers, the manufacturer also provides an arrangement of shade
guide tabs by hue [15]. Many dentists find that matching tooth
shades is simplified by this arrangement of tabs, and this array
of tabs by degree of brightness has been found to be easier and
more reliable to use, Figure 4 [15].

In the 1990’s, Vita North America enhanced their shade guide
system and introduced the VITA System 3-D MASTER shade
guides®. This system is composed of the VITA Linear guide 3-D
MASTER®, the VITA Bleach guide 3-D MASTER®, and the VITA
Tooth guide 3D-MASTER®with Bleached Shades, Figure 5. The
VITA System 3-D MASTER ® shade guides consist of 26 shade tabs
in five groups according to lightness. Within each group, the tabs
are arranged vertically according to chroma and horizontally
according to hue. The concept of the VITA 3D-MASTER ®system
is based on a color classification principle where the values
of lightness, chroma, and hue have been positioned an equal
distance from each other. Therefore, the shade determination can
be easily carried out according to systematic criteria.

The VITA Linear guide 3-D MASTER® simplifies tooth shade
determination compared to the VITA Classical A1-D4 and the
VITA Tooth guide 3D-MASTER® Figure 6 with Bleached Shades.
It is organized in terms of lightness, chroma, and hue, and the
shade can be determined in two steps. The VITA Bleach guide
3-D MASTER® with Bleached Shades is a one-step process to
determine the level of lightness for the tooth whitening process.

When comparing the VITA 3-D MASTER® system with the
VITA Classical A1-D4 ®shade guide it can be noted that the value
range is wider, there are more chromatic tabs, the hue range is
extended into the reddish color spectra, there is more uniformity
in the shade tab spacing, and the overall tab arrangement is
improved over the VITA Classical A1-D-4® [16].

In general, when using shade guides to select a shade, it is
recommended that hue selection be made first, followed by
chroma and value, in that order. The clinician should always
do a final check and revise the shade selection if needed. The
following are recommendations for shade selection in the dental
operatory:
•

Teeth to be matched must be clean.

•

Tooth shade should be determined in daylight or under
standardized daylight lamps (not operation lamps).

•
Figure 2: Examples Of Three Manual, Visual Shade Guides Used in
Dentistry.

•

Remove bright colors from the field of view.
Operatory walls should be neutral in color.
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spectrophotometers is explained in detail in the second article
in this series [2].
Manufacturer's arrangement tabs grouped according to hue.

Manufacturer's arrangement tabs grouped by value.

Figure 4: Two typical tab arrangements of the VITA Classical A1D4®shade guide. (Derived from Paravina RD, Powers JM (2004). Esthetic Color Training in Dentistry. St. Louis MO, USA: Elsevier Mosby.)

Figure 5: VITA Toothguide 3-D MASTER with Bleached Shades®.

Figure 6: VITA Linearguide 3-D MASTER®.

•

View at the patient eye level.

•

Make shade matching at the beginning of treatment
before the teeth begin to dehydrate.

•
•

There are pros and cons for using these instruments in the
dental practice. These issues are clearly outlined by Chu, et al.17
The dentist must consider how the technology relates to clinical
expectations and requirements. One issue associated with these
instruments is the phenomena of edge loss effects. As described
by Bolt et al. [18], these instruments a have a small edge loss of
light, resulting in systematic errors in color coordinates. Edgelosses occur during reflectance measurements of translucent
materials when light is scattered within a sample beyond
that part of the surface exposed to the observation system of
the optical colorimetric instrument [19]. Colorimeters and
spectrophotometers measure color with a small window for
illumination and measurement resulting in the edge loss effects.
One study looked at minimizing the optical measurement errors
caused by edge loss effect, scattering of light, and instrument
variations in positioning [20]. It was determined in this study
that a colorimeter equipped with a custom-made positioning jig
improved the precision for intraoral measurement of longitudinal
tooth color changes. These instruments can be much higher in
price then the manual shade guide systems.

Colorimeters measure the tristimulus values, filtering light in
the red, green, and blue areas of the visual color spectrum. Since
colorimeters do not register total visual light spectral reflectance,
they can be less accurate than spectrophotometers.17The first
colorimeter designed for color selection in dentistry (Chromascan,
®
Terngold, Stamford, CT, USA) was not very successful. Its
accuracy was limited and the user interface was challenging for
most dentists [17]. Contemporary clinical colorimeters are much
improved. The ShadeVison®(X-Rite, Grandville, MI, USA) and
ShadeEye NCC® (Shofu, Menlo Park, CA, USA) are two of these
colorimeters, Figure 7.

Evaluate shade under multiple light sources.

Shade matching should be made quickly to avoid eye
fatigue (5-7) seconds. The observer can look at a blue or
gray card to rest eyes.

ShadeVision® (X-Rite, Grandville, MI, USA)

Automatic, Instrumental Shade Selection Techniques

There are three primary categories of automatic shade
selection devices.
These shade matching instruments
were introduced to the dental profession to overcome the
limitations and inconsistencies of the manual, visual shade
matching systems [17]. Those instruments can be classified
as colorimeters, spectrophotometers, and digital imaging
devices. The measurement of color using colorimeters and

ShadeEye NCC® (Shofu Dental, Menlo Park, CA, USA)

Figure 7: Two Examples of Dental Clinical Colorimeters.
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Spectrophotometers measure the amount of light energy
reflected from an object’s surface at 1-25nm intervals along the
visual light spectrum (380-780 nm) [21,22]. They can be the
most accurate instrument for color matching in dentistry [23].
Included in a clinical spectrophotometer is an illuminant source,
a mechanism for dispersing light, a system to measure and
convert the reflected light flux to a signal for analysis [17].The
resultant color measurements can be keyed to the various dental
shade guides and converted to an equivalent of the respective
shade tab [24].

There are several very high quality and reliable clinical
spectrophotometers available. Two of them, the VITA EasyShade
Compact® (Vita North America, Yorba Linda, CA, USA) and
CrystalEye® (Olympus America, Center Valley, PA, USA), are
shown in Figure 8.

The third classification of automated shade selection devices
are the digital cameras and imaging systems. Digital cameras are
based on the RGB color model in which the camera obtains red,
green, and blue data that is used to produce the color image. In
this additive color model [2] red, green, and blue light are added
together to generate a broad arrangement of colors. Digital
cameras provide a basic approach to electronic shade selection
and require a degree of shade selection with the human observer
[17]. The use in the dental practice of commercially available
digital cameras can be very appealing to the clinician due to the
cost, ease of use, and availability of digital cameras. Color accuracy
of three digital cameras compared to spectrophotometric CIE
LAB measurements was studied by Wee et al. [25] in which four
regression models were formulated from the CIE LAB and camera
digital image values. Shade tab CIE LAB colors were predicted by
applying the digital values into the calibration models and were
compared to the measured CIELAB values. They determined
that there is potential for the use in clinical dentistry of digital
cameras combined with appropriate calibration protocols. A
recent study [26] used regression models to relate the RGB data
from a camera to spectroradiometric counterparts in CIE XYZ
and absolute reflectance. The authors found a strong correlation
relationship between RGB and lightness for shade guides. Their
regression models allow tooth color information to be translated
from digital images to accurate shade guide tabs for clinical color
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matching. This will enhance the removal of the subjective aspect
of color matching.

Digital scanners such as those used in computer aided designcommuter aided manufacturing (CAD-CAM) systems are also
being developed with tooth shade selection capabilities. This
could be extremely beneficial as digital dentistry techniques are
incorporated into dental practice.

The manufacturer instructions should always be followed
when using color matching instruments. In general, there is not
as much ambient influence using these devices as there is in using
the manual shade guides. However, the teeth being matched
should be cleaned prior to taking a reading.

Comparison of Manual and Mechanical Shade Selection
Techniques

Both visual and instrumental systems have greatly improved
over the past twenty years. As previously mentioned, the manual,
visual shade guide systems continue to be the most common
means of shade selection in dentistry. The visual systems are much
cheaper to obtain. However, shade selection is very subjective
and is heavily influenced by ambient conditions. With the
addition of today’s advanced colorimetry technology, qualitative
and quantitative reliability more than doubles to approximately
70 percent of the true color range of natural dentition. Recently
better results were reported with a dental spectrophotometer
than the visual method [13,17]. One study [27] compared the
repeatability and inter-device reliability between a colorimeter
(ShadeEye NCC®) and a spectrophotometer (VITA EasyShade
Compact®). High repeatability of the CIE L*a*b* values was found
for both instruments. However the instruments demonstrated
different L*a*b* values and shades for the same tooth. They
found that lightness (L*) affects inter-device reliability. Another
study which compared the reliability and accuracy of four clinical
shade matching instruments (two clinical spectrophotometers
and two colorimeters) [28] found variations in both reliability and
accuracy of the devices. Most device comparisons demonstrated
high reliability which would indicate predictable shade values
when repeating the measurements. However, when comparing
the devices for accuracy, there was pronounced variability
between the devices. It has been recommended that both visual
and mechanical shade selection system be incorporated into the
contemporary dental practice as they complement each other
[17].

Conclusion

VITA Easyshade Compact® (Vita
North America, Yorba Linda, CA,
USA)

CrystalEye® (Olympus America,
Center Valley, PA, USA)

Figure 8: Two Examples of Dental Clinical Spectrophotometers.

It is hoped that this three-part article series reviewing the
application of color science to dentistry was beneficial to the
practicing restorative dentist. Close shade matching of dental
restorative materials with natural teeth is vital to producing
restorations that are biomimetic. Patients expect the modern
dentist to restore missing and broken down teeth to and proper
form and function with an acceptable esthetic appearance. A
better understanding of the physical and physiological processes
involved in human color vision, color theory, and colorimetry
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should enhance an appreciation for the challenges associated
with tooth shade selection.
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