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A Comparison of
Human Raters and
an Intra-oral Spectrophotometer

WD Browning ® DC Chan
JS Blalock ® MG Brackett

Clinical Relevance

Using the Vita 3D-Master shade guide, the accuracy of three experienced clinicians was compared
to shade choices using an intraoral spectrophotometer. Compared to the clinicians, the shades
chosen by the Easyshade guide were more frequently an exact match. This study indicates shade
matching may be improved by using an electronic device.

SUMMARY

Consistently choosing an accurate shade match
is far more difficult than it appears. Recently,
several electronic shade-matching devices have
been marketed. One device is an intraoral spec-
trophotometer, Easyshade. The current study
compared the accuracy and consistency of the
Easyshade (ES) device to three clinicians experi-
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enced in tooth whitening trials and trained in the
use of the Vitapan 3D Master shade.

The maxillary anteriors of 16 participants were
matched on three separate occasions one month
apart. At each appointment, the three clinicians
(R1, R2 & R3) and ES independently chose a sin-
gle 3D Master tab. A trained research assistant
used the Easyshade device to record CIE L*, C*
and H* and a shade tab. In addition, color differ-
ences between shade tabs were calculated using
the Delta E 2000 (A e 00) formula. The CIE L*C*H*
data were also used to establish standards for the
five lightness groups of the 3D Master. An intra-
rater agreement was evaluated using an intra-
class correlation statistic, and an inter-rater
agreement was evaluated using a weighted
Kappa statistic.

The percentages of exact matches were: ES =
41%; R1 = 27%; R2 = 22% and R3 = 17%. Matches
within a half-shade were also calculated. This
represents a mismatch that is perceptible but
acceptable. The percentages of matches within a
half-tab were: ES = 91%; R1 = 69%; R2 = 85% and
R3 = 79%. In terms of lightness, the intra-rater
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agreement was considered to be very good for ES
and R2 and good for R1 and R3. For chroma,
agreement for ES was considered good, and for
the three clinicians, it was considered moderate.

The mean color difference for the L*, C*, H*
data recorded at each evaluation was 1.5, or only
slightly greater than the color difference
between the same tab on different guides (1.2).
The A e 00 data were the most accurate data col-
lected, and they were used to establish a stan-
dard to which the tab choices of the four raters
were compared. A weighted Kappa statistic was
performed and, in terms of lightness, agreement
was found to be good for all raters. For chroma,
agreement was very good for ES and it was good
for the clinicians.

In terms of the number of exact matches and
matches within a half-shade, the performance of
ES was at least comparable to, if not better than,
the dentists. Statistically, the same was true in
terms of consistency and accuracy when making
repeated matches of lightness and chroma using
the 3D Master shade guide.

INTRODUCTION

The color and appearance of teeth is a complex phe-
nomenon. Lighting conditions, translucency, opacity,
gloss and the human eye influence the overall percep-
tion of color.! Visual color determination by comparing
the teeth to a shade guide has been the most often used
method in dentistry. Research has shown that shade
guides do not fully represent the color of natural teeth,
and the effectiveness of color determination using
shade guides is contradictory. Some authors? concluded
that the human eye is efficient in detecting even small
differences, while other authors have commented that
the human evaluation of tooth shade is unreliable.?

As a result, more technical and objective methods of
color measurement have been sought. These methods
include tristimulus colorimeters, spectrophotometers
and computer analysis of digital images. This terminol-
ogy is sometimes confusing. Since both colorimeters
and spectrophotometers measure color, both could be
referred to as colorimeters. A tristimulus colorimeter
typically contains filters that are correlated to analyze
light from only one of the several standardized light
sources acknowledged by the Commission
Internationale de ’Eclairage (CIE). These devices only
measure  red, green and  blue  points.
Spectrophotometers measure the full spectrum. In
opposition to tristimulus colorimeters, spectrophotome-
ters can calculate color space coordinates for any of the
standard illuminants, rather than just one. All three of
the technical methods listed above can provide read-
ings from the CIE L*a*b* color space.

Operative Dentistry

The ultimate objective is to relate the color differences
observed to clinical practice, with the human eye being
the final arbiter. Accordingly, a color difference
detectable by an electronic device, but imperceptible to
the human eye, is of no clinical importance. Two thresh-
olds are relevant: The first is perceptability or the min-
imum color difference perceived by the human eye. The
second is acceptability or the greatest color difference
that still represents an acceptable match.

A number of computer-based instruments have
entered the market. Studies have been conducted that
evaluated the reliability of computer-based instru-
ments.** However, few studies have compared these
instruments with human color perception under clini-
cal conditions. The current study compared the intra-
rater agreement for three human evaluators and an
intraoral spectrophotometer using the Vitapan 3D-
Master system. In addition, inter-rater agreement was
determined.

METHODS AND MATERIALS
General Description

Sixteen participants were informed about the project
and gave written consent to participate. The project
and the informed consent process were approved by the
local Institutional Review Board. Fifteen participants
had six suitable teeth and one participant had only five.
Thus, 95 teeth were available for shade determination.
Each participant was evaluated on three separate occa-
sions one month apart. At each evaluation, three oper-
ators independently determined the best shade match.
In addition, an intraoral spectrophotometer was used.

Human Evaluators

Three experienced, calibrated raters, R1, R2 & RS,
independently matched the shade. These three dentists
ranged in age from 38 to 57 years and had between
eight and 31 years of experience in dentistry. All had
participated extensively in tooth-whitening trials. Each
dentist successfully completed three separate calibra-
tion exercises at the 85% level with the Vitapan 3D-
Master (Vident, Brea, CA, USA). The operators
matched the shade of the middle-third of the study
teeth.

Vitapan 3D-Master

The manufacturer’s suggested use of the Vitapan 3D-
Master system (Figure 1) is to first determine the light-
ness (L) group, then chroma (C), and finally the hue
(H). This order better matches the capabilities of the
human eye and corresponds to the importance of the
three color elements in obtaining an accurate shade
match.

The Vitapan 3D-Master was chosen, because the tabs
were more uniformly spaced’ and it has been shown to
more closely match the population of the teeth studied.?
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Figure 1: Vita 3-D Shade Guide.
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Figure 2: Choice and placement of fiber optics assure spectral light is not

included in color measurements.

In addition, the 3D system is set up in a more logical
arrangement.” There are five distinct lightness groups,
and the difference between each pair of adjacent groups
is equivalent. Within each lightness group, the change
in chroma for adjacent pairs of tabs is equivalent. Three
hue groups, L, M and R, are represented. The M repre-
sents the median hue. The L is more yellow and the R
is more red.

The even spacing included in the 3D-Master arrange-
ment affords the operator a choice of intermediate lev-
els of lightness and chroma. For example, if a tooth was
darker than the lightness in group 2 but lighter than
the lightness in group 3, the operator could request the
ceramist to create a restoration whose lightness
matched 2.5. These intermediate shades are created
not as a result of the ceramist’s artistic ability, but as a
function of the 3D system. The use of these intermedi-

ate choices adds the equivalent of an addi-
tional 46 shade tabs to the existing 26. For
each match, the operator was required to note
the lightness, chroma and hue of the tooth.

VITA Easyshade (ES)—General
Description

The VITA EasyShade (Vident) is an intraoral
reflectance spectrophotometer consisting of a
base unit and a handpiece with a 5-mm wide
probe tip. The unit provides a full spectrum
light source, fiber-optic bundles that prevent
the unit from making a color reading if
motion or improper angulation is detected
and two spectrometers. One unit measures
light reflected from shallower surfaces and
the other measures from deeper surfaces.
When the unit is activated, light is projected
into the deeper structures of the tooth, the
reflected light is captured by a spectrometer, the spec-
tral distribution of the light is analyzed and, finally, the
CIE L*C*H* values are determined.

The CIE has established guidelines for relating phys-
ical measurements of color to a system representing
color as perceived by the human eye.? This includes for-
mulas for calculating color differences between two col-
ors. In the CIE system, L* is a measure of darkness and
lightness, with zero representing the darkest color and
100 the lightest color. C* represents color saturation
and is measured on a 0 to 40 scale, with O representing
the least color saturation and 40 the highest color satu-
ration. H* is the hue measured on a scale of 0° to 360°.
Zero represents red and 90° represents yellow.

Since spectral light or the light reflected off the enam-
el surface contains no color information, it is desirable
to exclude it from the color determination process. This
is possible, because light reflects from the enamel sur-
face at such an angle that it is not captured by either
spectrometer #1 or #2. This is a result of the unit’s
design. Fiber optic bundles are carefully chosen with
specific numerical aperture ratings (NA), and their
position is manipulated in terms of critical height (Ch)
or distance from the fiber optic bundle to the object to
be measured. The NA and Ch of spectrometer #2 are
arranged to analyze light reflected only from the
dentin, while spectrometer #1 captures light from sur-
faces shallower than dentin (Figure 2). Spectrometer #2
is active when the unit is in tooth measurement mode.
Spectrometer #1 is active only when the Easyshade
spectrophotometer is set in the verify mode. The verify
mode is used to confirm that ceramic restorations
received by the clinician accurately reflect the shade
chosen and it measures shade tabs.

VITA Easyshade (ES)—Measurements

All shade measurements made with Easyshade were
performed by a trained research assistant. The probe
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of the Easyshade spectrophotometer was placed per-
pendicular to the tooth surface and the unit was acti-
vated. Measurements were made only in the middle-
third of the tooth. At each evaluation and for each
tooth, CIE L* (lightness), C* (chroma) and H* (hue)
measurements were recorded. The Easyshade spec-
trophotometer compares CIE L*C*H* measurements
for the tooth to known color standards for the 3D-
Master tabs stored in its memory chip and reports
which tab represents the closest match. This interpo-
lated shade tab was also recorded. The standards for
each tab and the internal algorithm used to determine
the closest 3D-Master shade tab are proprietary.

Intra-rater Agreement

For each evaluator, shade choices for each tooth and
each evaluation session were compared. Shade choices
made by the same evaluator at two different evalua-
tion sessions were considered to be an exact match
only if the evaluator chose exactly the same tab at both
sessions.

Since the interpolated Vita 3D-Master shade uses
the CIE L*C*H* data to determine the closest tab
match, it is subject to rounding error. An example may
help to clarify. Assume that the L* value for the light-
ness group 2.0 is 78.0, and for group 3.0, it is 73.0. The
interpolated 2.5 lightness group then is 75.5. The clos-
est match for a tooth that has an L* value of 74.45
would be 2.5, while for an L* value of 74.44, it would
be 3.0. Minor operator errors that lead to differences of
0.01 in CIE L* are unavoidable and, in terms of Ae,
they are inconsequential. So, the fact that, at two dif-
ferent sessions, the same tooth might be interpreted as
being in the 3.0 and 2.5 lightness groups, is a rounding
error. Similar examples can also be given for chroma
and hue. Accordingly, matches within a half-step of one
another were calculated as an additional observation.
In addition, the intra-class correlation (ICC) statistic
was computed using SAS 9.1.3. For each evaluator, all
possible pairs of ratings were evaluated.

Inter-rater Agreement

While it was possible to determine the number of
matches among all possible pairs of raters, the authors
believed this information would be of little value. More
typically, in rater agreement studies, raters are com-
pared to a gold standard to determine whether the
level of agreement between each rater and the gold
standard is significant. This approach is more relevant
than noting that two evaluators, both of whom could
have been wrong, agreed. However, due to the subjec-
tive nature of color and shade matching, establishing a
gold standard is difficult. From past work, the authors
of the current study anticipated that the CIE L*C*H*
data provided by the Easyshade spectrophotometer
would be reliable and precise, and the authors used
this data to establish a standard to which the raters

Operative Dentistry

could be compared. Rather than considering this a gold
standard, the authors consider it to be a “reasonable
standard.”

Three 3D-Master shade guides were used exclusively
in the current study. Using the Easyshade spectropho-
tometer in the appropriate mode, each tab in these
three guides was measured three times. The nine CIE
L* readings were then averaged to determine the L* of
each lightness group. This information was then used
to establish an L* range for all lightness groups,
including intermediate groups, such as 2.5, 3.5, etc.
For each tooth and each evaluation session, the spec-
trometer data for L* was compared to these ranges,
and the tab that was the best match in terms of light-
ness was recorded as the current study’s reasonable
standard. In statistical testing, the tab choice of each
evaluator at each evaluation was compared to this rea-
sonable standard. In the same manner, the ranges for
C* were established and the C* data for each tooth and
each evaluator were compared to these ranges to
establish the reasonable standard for C*, and this was
used for statistical purposes.

Rater agreement statistics calculate agreement
above that which would occur by chance alone. Given
the fact that there are only three levels for hue chance,
agreement was fairly likely. Considering also that the
hue groups chosen as the best tab match, such as light-
ness and chroma, were subject to rounding errors, the
authors of the current study did not attempt to create
a “reasonable standard” for hue. Accordingly, only CIE
L* and C* spectrometer data were used and each was
considered independently. Using a weighted Kappa
statistic (SAS 9.1.3), the authors of the current study
compared each of the four raters (ES, R1, R2 and R3)
to the reasonable standard. For this comparison, a
Kappa of less than 0.2 is considered poor. A Kappa of
0.2 to 0.4 represents fair agreement, 0.4 to 0.6 is con-
sidered moderate, 0.6 to 0.8 is considered good and 0.8
to 1.0 is considered very good.

Delta E 2000

The CIE L*C*H* data captured using the Easyshade
guide was used to calculate the color difference or
Delta E. The CIE color difference formula Delta E
2000 (A e 00) was used. From theoretical considera-
tions and through experimentation under optimal
viewing conditions, color scientists estimate that the
threshold of perceptability equates to a Ae of 1.
Under ideal viewing conditions, 50% of the observers
will be able to perceive a color difference this small
and the other half will not. The threshold of accept-
ability is represented by a Ae of 2.7."* Color differences
in this range are considered by 50% of the people to be
an acceptable match.
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Table 1: Intra-rater Matches

All possible pairs of evaluation
sessions were included. The

ES Rater #1 Rater #2 Rater #3
Exact Match Ty 27 0% o1 87 16,59, mean A e 00 for the spectrome-
xact Vil =2 = =2 =22 ter data was 1.5. The color dif-
Match + 0.5 tabs 91.1% 69.0% 84.6% 79.4% ference between repeated

Table 2: Intra-class Correlation

Intra-rater ICC

Rater
Lightness Chroma
ES 0.87 0.80
Rater #1 0.79 0.56
Rater #2 0.87 0.45
Rater #3 0.73 0.52

Table 3: Weighted Kappa Statistics

Lightness Chroma
Rater Overall Overall
Weighted Weighted
Kappa Kappa
ES 0.69 0.92
Rater #1 0.68 0.84
Rater #2 0.63 0.82
Rater #3 0.61 0.82
RESULTS

Intra-rater Agreement

Each evaluator made 285 shade matches over the
course of the study. Considering the 26 actual and 46
interpolated shade tabs, the evaluators chose from 72
tabs. Accordingly, choosing the same tab for a tooth at
two separate evaluations would occur by chance alone
in only 0.02% of the matches. By contrast, the percent-
age of exact matches ranged between 17% and 41%.
The percentage of exact matches and matches within
0.5 tabs of one another are listed in Table 1. The intra-
class correlation for each evaluator in terms of judging
lightness and chroma is listed in Table 2. In terms of
consistency in judging lightness, the intra-rater agree-
ment for each evaluator was: ES—very good; R1-good;
R2-very good and R3-good. For chroma, the level of
intra-rater agreement for ES would be considered good
and for the other three raters, it would be considered
moderate.

Delta E 2000

The mean size of the color difference between tabs in
the five lightness groups 56M1 to 4M1, etc, was 4.7.
Repeated measurements of the same shade tab in the
same 3D-Master guide resulted in a mean A e 0o of 0.22.
The mean A e oo for differences between the same tab in
each of the three guides was 1.2.

The spectrometer data for each tooth at each evalua-
tion was used to calculate the color differences A e oo.

measures of the same tooth
was slightly higher than that between the same tab on
each of the three shade guides. At a Ae of 1.5 and 1.2,
respectively, both would be a minor, but perceptible,
color difference. Both were well within the threshold
for acceptability.

Inter-rater Agreement

The weighted Kappa statistics for lightness and chro-
ma are listed in Table 3. In terms of judging lightness,
the agreement between the evaluators and the reason-
able standard established using the spectrometer data
was good for all evaluators. For chroma, ES was rated
very good and for the other evaluators, it was rated
good.

DISCUSSION

In terms of reliability of a measurement system, there
are two keys issues. The first is whether the measure-
ments are accurate, or how often does the measure-
ment system get the right answer. The second is preci-
sion or, when measuring the same object at different
times, does the measurement system provide the same
answer each time. In terms of target shooting, accura-
cy would be represented by the number of hits that are
dead center. Precision would be represented by how
closely repeated attempts were clustered together.
Both are important.

Intra-rater evaluations reflect the precision of the
measurement system. Inter-rater evaluations that
compare raters to a standard reflect the accuracy of a
measurement system. Since evaluating the agreement
of the four raters to one another would have provided
only a slightly different assessment of precision, the
authors thought it important to create a reasonable
standard.

Research has demonstrated that shade guides do not
fully represent the wide variety of tooth colors present
in the population.’*®* As a result, most teeth are not an
exact match to a specific shade tab. The tooth lies
between tabs, forcing the evaluator to choose the tab
that is the closest match. Research has also found that
tab color varies from shade guide to shade guide
among the same manufacturer,” and the current
results regarding color differences of ostensibly the
same tab in the three different shade guides confirm
this.

The percentage of times that the four raters matched
a tooth to exactly the same shade tab on two separate
occasions was lower than the three human raters
expected to achieve. Given the concerns with shade
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guides and the differences in how people perceive color,
the use of shade guides to measure color is subjective.
Errors in measuring color difference with a shade
guide are documented in the dental literature.’

In terms of evaluating lightness, the intra-agreement
levels of raters ES and R2 were very good, while those
for raters R1 and R3 were good. The strength of this
intra-class correlation statistic may seem at odds with
the percentage of exact matches achieved. It demon-
strates that, where teeth had higher L* values, the
raters chose lighter shade tabs and, where the teeth
had a lower L*, they chose darker tabs. While the accu-
racy of the raters may have had room for improvement,
the data supports a fairly high level of precision in
terms of judgment of lightness. The fact that the per-
centage of matches increased dramatically when
matches of plus or minus a half-tab were included also
reflects raters’ precision.

Comparing the intra-rater statistics for the four eval-
uators, rater ES was as precise as rater R2 and more
precise than raters R1 and R3 for lightness and more
precise than all three of the other raters for chroma. In
terms of accuracy and precision, the results can be
summarized as follows: For lightness, all raters were
more precise than they were accurate. For Chroma, the
human raters were more accurate than they were pre-
cise, and rater ES was both more accurate and more
precise than the human raters.

The Weighted Kappa statistic reflected the accuracy
of the raters when compared to the reasonable stan-
dard. Since only 50% of observers can perceive a A e of
one, the mean A e 00 of 1.5 for the CIE L*C*H* data
reflects a color difference that would still be difficult to
perceive. By contrast, the mean size of the color differ-
ence between tabs 1M1, 2M1, etc, was estimated as
4.7. For all four raters, the accuracy of their determi-
nations of the lightness or darkness of the teeth would
be rated good, and for chroma, they would be rated
very good. In both categories, rater ES was as accurate
as or more accurate than the other raters.

The use of the CIE L*C*H* data to establish a rea-
sonable standard causes some concerns. Since
Easyshade uses the CIE L*C*H* data captured by the
spectrometer to generate its interpolated 3D-Master
tab choice, the reasonable standard established and
the 3D tab chosen by rater ES are clearly not inde-
pendent of one another. For both the intra-class corre-
lation and the weighted Kappa statistics, the perform-
ance of raters R1, R2 and R3 were very comparable to
those of rater ES. The authors of the current study
believe that, if the reasonable standard and the ES 3D-
Master tab chosen by ES were as highly correlated as
it might appear that they would be, the human raters
would not have been as comparable. Since the CIE
L*C*H* data were shown to be highly precise, it seems

Operative Dentistry

reasonable to give the choice to create a reasonable
standard some weight; however, one must be mindful
that the tab choices for rater ES were not fully inde-
pendent. However, the tab choices for the other three
operators were made independent of any knowledge of
the spectrophotometry data, and they were not corre-
lated to the L* and C* data. Accordingly, comparison of
the three clinicians to the standard created is useful.

CONCLUSIONS

The CIE L*C*H* data captured by the Easyshade
guide were the most accurate. The 3D-Master interpo-
lated shades provided by the Easyshade guide were at
least as accurate and precise as those chosen by the
three clinicians who were highly experienced at shade
matching.

(Received 6 August 2008)
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