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ABSTRACT
Objective: The objective of this study was to investigate the
intra and interdevice reliability of two tooth color measurement
devices: EasyShade (ES) and SpectroShade Micro (SSM).
Materials and methods: Tooth color was measured in six
maxillary and mandibular. L*, a* and b* values and shade
matches to VITA Classical and Vitapan 3D-Master shade guide
systems were determined for all teeth. ΔE was assessed. Paired
t-test and correlation coefficient (ICC) were used.
Results: Intradevices no significant differences (p > 0.05) were
found between L*, a*, b*. Interdevice L* and b* were significantly
higher for ES (p < 0.05), while a* was significantly higher for
SSM (p < 0.05). ΔE showed no significant interdevice difference
(p > 0.05). Intradevices ICC values were higher for ES but not
significant (p > 0.05).
Discussion: The null hypotheses that they present no
differences in their color measuring within devices or shade
systems is accepted, but the results allow to reject the null
hypotheses that they present no differences in their color
measuring or shade systems between devices.
Conclusion: Both EasyShade (ES) and SpectroShade Micro
(SSM) show excellent repeatability and so they can be used in
office to evaluate tooth color or to assess color changes after
treatment.
Clinical significance: Dental color can be diagnosed using
dental spectrophotometers, allowing to detect in an objective
way therapeutic dental color changes.
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INTRODUCTION
Visual tooth shade selection is characterized by high
intraexaminer1 and interexaminer variability,2-4 due to the

numerous subjective factors that affect color selection.
Electronic shade selection devices have the potential for
more accurate and reliable selection of a tooth color,5 since
they are not influenced by the significant parameters in
visual selection, such as illumination and operator
variability.6 Matching validity and variability seem to
improve with the use of shade selection devices, and some
investigators have suggested that these devices can be useful
in determining color quality for clinical shade matching.1,5,7
The most common devices are colorimeters and
spectrophotometers, which calculate tooth color by
measuring the amount and spectral composition of reflected
light on the surface of the tooth. They usually express results
based on the CIE L*a*b* system8 as well as following one
or more of the conventional shade guide systems.
CIE L*a*b* is one of the standard color mokdels used
to describe all visible colors, using three basic coordinates.
The L-value represents lightness, a* is a measure of
red (+ a*) or green (–a*), b* is a measure of yellow (+b*)
or blue (–b*). The color difference between the color
coordinates is calculated as ΔE, according to the equation:
ΔE = [(L*1 –L*2)2 + (a*1 – a*2)2 + (b*1 – b*2)2]1/2. Values of ΔE
greater than 1 unit were visually detectable by 50% of human
observers in controlled conditions9 and color differences
between 2.0 and 3.7 were visually detectable under clinical
conditions. 10 Spectrophotometers estimate color by
measuring the intensity of the reflected light in all visible
wavelengths, while colorimeters measure the intensity of
the reflected light filtered by red, green, and blue filters
(simulating RGB absorbance). These differences in the way
intraoral shade matching instruments interpret the reflected
light may directly affect the measuring functions of the
devices, and indirectly, their matching function, which is
based on the extrapolation of color measurement values into
more meaningful values for a clinician, such as the shade
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tabs of a guide system. This presents a source of variation
in the reliability of electronic and visual matching.4,11
Two commercially available spectrophotometers which
can be used for measuring as well for matching teeth color
are the VITA EasyShade (VITA Zahnfabrik, Bad Säckingen,
Germany), and SpectroShade Micro (Medical High
Technologies-MHT, Arbizzano di Negrar, Italy). Easy
Shade (ES) has a central unit with a LED light source and a
screen, connected via fiberoptic cable to a handset with a
terminal and sensor at one end; it provides information on
tooth L*, a*, b* parameters and establishes tooth color on
the Vita Classical and the Vita System 3D-Master guides
scales of colors. SpectroShade Micro (SSM) has a
spectrophotometer with a LED illumination system which
emits a constant light with a day light similar spectrum,
a digital camera, an information analysis system and a
screen. The colors are carried along the special light path,
divided in two optic guides that converge symmetrically
the light to the area of interest. The image of the analyzed
area, illuminated with the colored light, is then reflected
onto a special black and white CCD sensor located at the
end of the optic system. This CCD sensor reads the data in
the visible range from 400 nm to 700 nm. The internal
computer analyzes over 2 million reference points every
time an image is acquired, and it is also able to drive all the
functionalities of the instrument. It enables tooth color to
be obtained on the basis of the color parameters of different
guides, including Vita Classical and Vita 3D-Master.
Both devices have the dual function of measuring color
and comparing it with the most commonly used in-office
guides. The measuring function indicates the exact position
of a tooth color in the observer’s standard color space. The
matching function indicates the degree to which a tooth
matches a standard shade in a shade guide system. An
important consideration is the ability of these instruments
to measure tooth color reliably and accurately. Reliability
refers to the consistency of the devices in matching the same
specimen. Accuracy refers to the ability of the device to
provide a correct match for a given specimen.1
Possible inconsistencies between devices in measuring
color parameters or matching teeth to shade systems have
been indicated in several studies.12,13 Despite the use of
positioning guides and other options for taking
measurements always at the same point, color measurement
errors are frequent. As the literature shows, often intradevice
consistency is good or very good, but interdevice
consistency is weaker.14
The evaluation of intra and interdevice reliability in tooth
color measurement is important in clinical practice, as is
the ability to translate reliably three-dimensional color
values to the shade tabs in the most commonly used guides.
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For these reasons, the two devices were studied to test the
null hypotheses that they present no differences in their color
measuring within and between devices, as determined by
the color parameters or shade systems.
MATERIALS AND METHODS
Tooth color was measured six maxillary and mandibular
anterior teeth, caries and filling-free, in 10 young adults,
four males and six females. Total tooth measured was 60.
The participants were informed of the clinical procedure
to which they would be subjected and they all agreed to
take part in the study by signing an informed consent form.
Research has been conducted in full accordance with ethical
principles, including the World Medical Association
Declaration of Helsinki.
The spectrophotometers used were EasyShade (ES) and
SpectroShade Micro (SSM). Color data was exported into
the CIE L*a*b* system for the color measuring process,
and into the VITA Classical (VC) (VITA Zahnfabrik, Bad
Säckingen, Germany) and Vitapan 3D-Master (3D) (VITA
Zahnfabrik, Bad Säckingen, Germany) shade guide systems
for the color matching process. The devices express tooth
shades in a shade guide system, using conversion scales for
CIE L*a*b* values, based on internally stored data. This
function is performed automatically in every measurement
with both devices.
To measure color with ES, a positioning tray was used
in order to take the records always in the same place (middle
third of the bucal aspect of the tooth). SSM was positioned
and aligned correctly on the teeth using the positioning guide
system which comes with the equipment.
All measurements were made by a single investigator
experienced with both devices, following the manufacturer’s
instructions. Before any measurement, the devices were
calibrated. The investigator was also calibrated by repeated
tests on standard shade tabs taken from the two guides, until
he repeatedly demonstrated less than 1 ΔE unit between
measurements and an intraclass correlation coefficient (ICC)
value greater than 0.85.
The tooth was measured twice with each instrument with
an interval of 1 hour, each CIEL *a*b* tooth measurement
was the mean of 3 consecutive measurements.
The level of device differences in measuring tooth color
was evaluated using paired t-tests on the L*a*b* and ΔE
values given by the devices. To estimate intra and interdevice reliability, ICC was used. The interpretation of ICC
values was: Very good (> 0.90), good (0.71 – 0.90), moderate
(0.51 – 0.70), mild (0.31 – 0.50), null (< 0.31). To estimate
the reliability of devices matching tooth color, Kappa
indexes were calculated. For the VC guide, this was done
in two stages. First, 16 colors were taken from the guide
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ordered by lightness and were assigned a number from 1 to
16 (Fig. 1) on a 2 × 2 Table. Agreements and disagreements
were noted in the choice of color obtained with each of the
devices independently and the Kappa index was calculated
for each device in the two measurements (simple Kappa).
The colors were then grouped in two categories, B1-D4
(lighter colors) and A3-C4 (darker colors), the interdevice
Kappa index was calculated (grouped Kappa). For the 3D
guide, the Kappa index was used to determine intra and
interdevice consistency in luminosity. This was done by
assigning a number to each group from 1 to 5 and noting
the agreements and disagreements in a 2 × 2 Table. The
interpretation of Kappa values was set as follows: Very good
(> 0.80), good (0.61 – 0.80), moderate (0.41 – 0.60), mild
(0.21 – 0.40), very mild (0 – 0.20). All tests were performed
with a confidence interval of 95% using statistical software
SPSS 15.0 (SPSS, Inc, Chicago, Ill).

RESULTS

Vita shade guide
Scores

Figure 2 shows that mean values in both explorations for
L* and b* were higher with ES, while a* was higher for
SSM. The differences were not statistically significant in
any case with the same device (p > 0.05).
Comparing the mean values of color L*, a*, b*
parameters measured by the two devices L* and b* values
were significantly higher with ES, and a* were significantly
higher with SSM, ΔE were not significantly different
between two devices (Table 1).
ICC showed good or very good consistency values for
all parameters within devices (intradevice reliability),
whereas between devices, values ranged between moderate
and good (the results are shown in Table 2).
Agreement rates of devices in matching colors to
conventional shade systems (VC and 3D) are given in
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Fig. 1: Vita classical guide shade colors organized by lightness (from the lightest -B1- to the darkest colors -C4-)
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Fig. 2: Box-and-whisker plots of CIEL *a*b* values with ES and SSM for the first and second measurements (A) L*values,
(B) a* values, (C) b* values and (D) ΔE values
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Table 1: Inter and intradevice differences
Mean

SD

p-value

Mean

SD

p-value

Mean

SD

p-value

L* values

ES1
ES2

78.16
78.45

6.98
7.19

0.80

SSM1
SSM2

71.58
71.31

4.40
3.41

0.18

ES
SSM

78.45
71.38

7.07
3.94

< 0.001

a* values

ES1
ES2

0.21
0.23

1.69
1.71

0.95

SSM1
SSM2

2.93
2.97

1.32
1.45

0.81

ES
SSM

0.23
2.92

1.70
1.38

< 0.001

b* values

ES1
ES2

21.23
21.17

5.62
5.76

0.80

SSM1
SSM2

20.24
20.18

4.02
4.18

0.99

ES
SSM

21.26
20.24

5.68
4.09

0.003

ES
SSM

2.28
1.69

2.55
4.32

0.184

ΔE

Mean, SD (standard deviation) and p-values of differences inter and intradevices in measuring CIEL*a*b* color parameters. (ES: EasyShade;
SSM: SpectroShade Micro)

Table 2: Intraclass correlation coefficients
ICC intradevice
L*
a*
b*

ES

SSM

0.955
0.971
0.974

0.815
0.890
0.973

ICC interdevice
0.657
0.798
0.802

Intraclass correlation coefficients (ICC) indicating intra and interdevice
reliability in measuring tooth color, based on mean of two measurements

Table 3: Agreement within and between devices in matching
color teeth with the two guides
Kappa
Vita classical

Vita 3D Master

SSM (Simple Kappa)
ES (Simple Kappa)
SSM/ES (Grouped Kappa)
SSM
ES
SSM/ES

0.990
0.963
0.664
1
0.977
0.312

Table 3, within devices reliability was very good for the
two guides. Between devices for VC we obtained good
consistency in the choice of light and dark colors (grouped
Kappa), whereas in the choice of luminosity with the 3D
guide, consistency was moderate.
DISCUSSION
The null hypotheses that they present no differences in their
color measuring within devices or shade systems is accepted,
but the results allow to reject the null hypotheses that they
present no differences in their color measuring or shade
systems between devices.
For both devices no differences were found between
the mean values of the studied color parameters within
devices. The color difference (ΔE) had average values of
2.28 and 1.69 units for the ES and SSM devices respectively.
These values remains below the 50% acceptability level
and perceptibility threshold for a clinical mismatch (5.5 and
2.6 ΔE unities respectively).15 Since the investigator was
well experienced with both devices, a significant part of
these values may be attributed to tooth variance in surface
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morphology, convexity, and, primarily, enamel thickness
and opacity, even though the teeth had been carefully
selected. Minor variations in instrument repositioning could
also have contributed to discrepancies in instrument
consistency. Human tooth structure is difficult to measure
consistently due to its polychromatic nature and its varying
translucency and surface texture.
Between devices, ES provides significantly higher
values of L* (lightness) and b* (chromaticity toward
yellow), whereas SSM provides significantly higher values
of a* (chromaticity toward red), nevertheless there are no
significant interdevices differences between ΔE mean
values, being the means difference for ΔE lower than 1 (not
visually detectable by 50% of human observers in controlled
conditions).9 Analysis of intradevice reliability shows very
good values of ICCs for ES in all the parameters and between
very good and good for SSM, with no intradevice
differences. Measurement reliability for both devices is
therefore very high so that either of these devices is able to
repeat the same color parameters for a tooth several times,
provided that it is measured in the same area, regardless of
whether it is the true tooth color. Between devices, ICCs
showed very good values for a* and b* and moderate
for L*. Studies comparing reliability between different
devices including SSM and ES show similar intradevice
reliability for both devices and lower interdevice reliability
values between these two devices.16
A study by Kim-Pusatery et al comparing the reliability
of four devices (including both analyzed in our paper) do
not find interdevice reliability differences between ES and
SSM (96.4 and 96.9, respectively).17
The agreement obtained by simple Kappa with both
devices for the VC guide was between the margins of “very
good”, however when the simple Kappa interdevices
agreement was analyzed, very low values were obtained.
When the 16 colors were grouped in the two categories,
light and dark colors, interdevices agreement was “good”,
this data coincides with those reported by Meirles et al.18
With regard to the 3D Master guide, the intradevices
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agreement in matching teeth was very good for both devices,
but the interdevices agreement was “mild”, lower agreement
for the 3D system was also found by Lagouvardos et al.16
The lower agreement for the 3D guide may be due to the
fact that it is newer than the VC guide and perhaps the
algorithms for the devices studied need to be better fitted to
the characteristics of this guide. Furthermore, this guide has
27 basic shade tabs in contrast to the 16 in the VC guide so
there is more possibility of color matching variability,
although in our study only agreement for the five possible
levels of lightness was determined. It may be appropriate
to take measurements with the shade tabs themselves to
evaluate the accuracy and repeatability of the results shown
by the devices and the real values, and even to establish if
there is any difference between the capacity of devices when
it comes to choosing some shade tab colors or others.
New in vitro studies with other spectrophotometric
system19 also show good reliability in assessing predictable
repeated measurements.
CONCLUSION
Both in color matching with the guides and the threedimensional color evaluation, it is more appropriate to use
the same device since comparison between the values
obtained with different devices is difficult, however, with
regard to intradevice reliability or agreement in matching
tooth color within devices, both EasyShade (ES) and
SpectroShade Micro (SSM), show excellent repeatability
and so they can be used in office to evaluate tooth color or
to assess color changes after treatment.
CLINICAL SIGNIFICANCE
Dental color can be diagnosed using dental spectrophotometers, allowing to detect in an objective way
therapeutic dental color changes.
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