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The devices are colorimeters, spec-
trophotometers, spectroradiometers, 
image analyzers, or a combination of 
these. The most common types are the 
colorimeters and the spectrophotom-
eters, which calculate the tooth color 
by measuring the amount and spec-
tral composition of light reflected on 
the surface of the tooth. They usually 
express the results in the CIE L*a*b* 
system,10 as well as in one or more of 
the conventional shade guide systems. 
CIE L*a*b* is one of the standard 
color models used to describe all vis-
ible colors, using 3 basic coordinates. 
L* represents the lightness of the color, 
a* represents green (negative a*) to red 
(positive a*) colors, and b* represents 
the blue (negative b*) to yellow (posi-
tive b*) color range. Spectrophotom-
eters estimate the 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 fil-
ters (simulating RGB absorbance). 

These differences in the way in-
traoral shade matching instruments in-
terpret the reflected light may directly 
affect the measuring functions of the 
devices, and indirectly, their match-
ing functions. The matching func-
tion is based on the extrapolation of 
color measurement values into more 
meaningful values for a clinician, such 
as the shade tabs of a guide system. 
This presents a source of variation in 
the reliability of electronic and visual 
matching.4,11 

Two commercially available shade 
matching instruments which can be 
used for measuring as well for match-
ing teeth color are the ShadeEye NCC 
(Shofu Dental, Kyoto, Japan) and the 
VITA EasyShade (VITA Zahnfabrik, 
Bad Säckingen, Germany). The first 
has been marketed since 1997, and 
the second has been available since 
2002. Only 2 published studies related 
to these devices9,12-17 compare them,9,13 
but neither compares their color meas-
uring and matching functions as inde-
pendent functions. These 2 functions, 
although interrelated, serve different 
purposes in clinical practice and may 

not be consistent between the 2 devic-
es. The measuring function indicates 
the exact position of a tooth color in 
the observer’s standard color space, 
and it is useful for detailed track-
ing of color changes with time, as in 
tooth bleaching. The matching func-
tion indicates the degree to which a 
tooth matches a standard shade in a 
shade guide system and is useful for 
reconstructing the tooth substance 
with available tooth-colored restora-
tive materials. Possible inconsisten-
cies between devices in measuring 
color parameters or matching teeth to 
shade systems, as other studies have 
indicated,13,17 will result in difficulties 
in using the devices interchangeably, as 
well as in the communication of color 
between the clinician and technician, if 
they own different devices. According 
to ISO definitions,18 consistency of a 
measuring or matching instrument in 
repeated measurements expresses its 
repeatability, while the degree of agree-
ment among measuring or matching 
devices expresses their interdevice re-
liability. Systematic errors are difficult 
to manage in these devices and affect 
instrument accuracy,19 meaning that 
interinstrument agreement is relatively 
poor in comparison with intrainstru-
ment reliability.20 For these reasons, 
the 2 devices were studied to test the 
null hypotheses that they present no 
differences in their color measuring 
and matching repeatability or interde-
vice reliability (interdevice agreement), 
as determined by the color parameters 
or shade systems. 

MATERIAL AND METHODS

In this study, 31 recently extracted 
anterior human teeth, stored in tap 
water since the day of extraction, were 
measured with 2 color measuring de-
vices, ShadeEye NCC (Shofu Dental) 
and VITA EasyShade (VITA Zahnfab-
rik). The teeth were selected to repre-
sent a wide range of shades, but with 
the least possible variation in surface 
morphology and convexity. For this 
reason, teeth with extremely convex, 
rough, or irregular surfaces were ex-
cluded. The specimens were measured 
twice with each instrument with an 
interval of 1 hour, at the middle third 
of their labial surface. Each tooth was 
stabilized in a horizontal position on 
a white silicone base (Rapid; Coltène/
Whaledent AG, Altstätten, Switzer-
land) with its labial surface on top. 
Each tooth measurement was the 
mean of 3 consecutive measurements. 
During measurements, the instru-
ment tip was placed perpendicular to 
and in complete contact with the la-
bial surface of the tooth (Fig. 1). Two 
vertical and 2 horizontal lines on the 
silicone base helped to locate the po-
sition of the tip. 

All measurements were made by 
a single investigator experienced with 
both devices, following the manufac-
turer’s instructions. Before any mea-
surement, the devices were calibrated 
on their own white ceramic block. The 
investigator was calibrated by repeat-
ed tests on standard shade tabs taken 
from the 2 guides, until he repeatedly 

 1  Tooth and device set-up during measurements. A, Labial view shows mea-
surement area and guiding lines. B, Side view shows tooth and tip positioning.
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Clinical Implications
Clinically, each of the evaluated devices is expected to have a high repeat-
ability of the CIE L*a*b* measurements and the matching shades of a tooth 
color. However, they provide different L*a*b* values and shades for the same 
tooth. Lightness (L*) and shade guide systems affect interdevice reliability. 

Statement of problem. There is a need to know how shade selection devices perform in matching and measuring 
tooth color, since these functions are usually evaluated independently and may present significant discrepancies. 

Purpose. The purpose of this study was to evaluate 2 devices which offer both functions to test the null hypothesis 
that they present no differences in their repeatability and interdevice reliability relating to the 2 functions. 

Material and methods. Thirty-one extracted anterior human teeth were measured twice, with each of the devices 
(ShadeEye NCC and VITA EasyShade), by one investigator experienced and calibrated with both devices. L*a*b* val-
ues and shade matches to VITA Classical and Vitapan 3D-Master shade guide systems were determined for all teeth. 
Paired t tests and intraclass correlation coefficients (ICCs) were used to statistically analyze the data (α=.05).

Results. The results showed that L*a*b* values with VITA EasyShade were significantly higher than those with Shade-
Eye NCC (P<.01), with a mean difference of 10.01 ΔE units. Device repeatability ICCs for measuring tooth color 
ranged from 0.693 to 0.929, with significant differences between devices only with respect to parameter L* (P=.042). 
Intradevice ICCs for matching tooth color ranged from 0.714 to 0.894, with significant differences between devices 
only with respect to the VITA Classical shade system (P=.042). Interdevice ICCs for measuring tooth color ranged from 
0.402 to 0.486, with no significant differences between L*a*b* parameters, while interdevice matching reliability 
ranged from 0.189 to 0.430, with no significant differences between shade systems (P>.05). 

Conclusions. All tooth color parameters were higher with the VITA EasyShade device. Measuring repeatability of the 
VITA EasyShade was higher than the ShadeEye NCC only for the L* parameter. Matching repeatability of the ShadeEye 
NCC was higher than the VITA EasyShade for the VITA Classical system. Interdevice measuring reliabilities were not 
different for the color parameters, but matching reliability of the VITA Classical system was higher than that of the 
Vitapan 3D-Master. (J Prosthet Dent 2009;101:40-45)

Repeatability and interdevice reliability 
of two portable color selection devices 
in matching and measuring tooth color

Panagiotis E. Lagouvardos, DDS, DrDent,a Aggeliki G. Fougia, 
DDS,b Sofia A. Diamantopoulou, DDS,c and Gregory L. 
Polyzois, DDS, DrDent, MScDd

Dental School, University of Athens, Athens, Greece

Presented at the 31st European Prosthodontic Association Conference, Athens, Greece, October 2007.

aAssociate Professor, Department of Operative Dentistry. 
bPostgraduate student, Department of Operative Dentistry. 
cPostgraduate student, Department of Operative Dentistry
dAssociate Professor, Division of Removable Prosthodontics. 

Visual tooth shade selection is 
characterized by a high intraexaminer1 
and interexaminer variability,2-4 due 
to the numerous subjective factors 
that affect color selection. Electronic 
shade selection devices have the po-

tential for more accurate and reliable 
selection of a tooth color,5,6 since they 
are not influenced by the significant 
parameters in visual selection, such as 
illumination and operator variability.7 
Matching validity and variability1,6,8 

seem to improve with the use of shade 
selection devices, and some investiga-
tors9 have suggested that these devic-
es can be useful in determining color 
quality for clinical shade matching of 
porcelain crowns. 
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matching.4,11 
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VITA EasyShade was higher than the ShadeEye NCC only for the L* parameter. Matching repeatability of the ShadeEye 
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different for the color parameters, but matching reliability of the VITA Classical system was higher than that of the 
Vitapan 3D-Master. (J Prosthet Dent 2009;101:40-45)
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ity) showed moderate22 values for all 
color parameters, and no significant 
difference (P=.921) between them 
(Table II). 

ICCs for repeatability and interde-
vice reliability in matching are shown 
in Table III, along with the P values 
between the horizontal pairs of coef-
ficients. The higher ICC of SE, as com-
pared to the ES device, was signifi-
cant only for the CL system (PCL=.042, 
P3D=.308, respectively).

Agreement rates of devices in 
matching teeth shades to conven-

tional shade systems (CL and 3D) 
are given also in Table III and calcu-
lated for comparison with other stud-
ies. For an estimation of the overall 
agreement rate of the devices, both 
shades indicated by each device in the 
2 subsequent matches were counted. 
The overall interdevice reliability was 
calculated in the same manner, for 
the CL and 3D systems, and the re-
sults showed significantly higher val-
ues for the CL than for the 3D system 
(P=.036) (Table III).

DISCUSSION

In this study, the results do not 
support rejection of the null hypoth-
esis that measuring repeatabilities of 
the 2 devices were not different; how-
ever, only for the a* and b* param-
eters. The results also do not support 
rejection of the null hypothesis that 
matching repeatabilities of the devices 
were not different; however, only with 
the 3D shade system. In addition, the 
results do not support rejection of the 
null hypothesis that interdevice mea-
suring and matching reliabilities were 
not different.  

Measurements of tooth color, L*, 
a*, and b* values, within the same 
device, were not different between the 
2 measurements, except for b* when 
it was measured with the ES device. 
The color difference of the measure-
ments had an average value of 3.40 
and 3.31 ΔE units for the SE and ES 
devices, respectively. These values 
remain below the 50% acceptabil-
ity level of 5.5 ΔE units,15 but exceed 
the 50% perceptibility threshold for 
a clinical mismatch (2.6 ΔE units).15 
Since the investigator was well experi-
enced with both devices, a significant 
part of these values may be attributed 
to tooth variance in surface morphol-
ogy, convexity, and, primarily, enamel 
thickness and opacity, even though 
the teeth had been carefully selected. 
Minor variations in instrument repo-
sitioning could also have contributed 
to discrepancies in instrument consis-
tency. Human tooth substance is dif-
ficult to measure consistently due to 
its polychromatic nature and its vary-
ing translucency and surface texture. 

Analysis of repeatability (intrade-
vice reliability) in measuring tooth 
color showed that ICCs for L*, a*, 
and b* parameters ranged from excel-
lent to perfect (0.693 to 0.929), with 
no differences within the same device. 
Comparisons showed that the repeat-
ability of ES was significantly higher 
than SE only for the L* parameter. 
This means that in sequential measur-
ing of tooth reflectance, the ES device 
produces more reliable results.

Table I. Paired t test values, and significance (2-tailed P) of differences 
between and within devices, in measuring CIE L*a*b* color parameters

Table II. Intraclass correlation coefficients (ICCs) indicating 
device repeatability and interdevice reliability in measuring tooth 
color, based on mean of 2 measurements

Table III. Intraclass correlation coefficients for repeatability of 
devices and interdevice matching reliability to shade guide systems. 
Agreement rates of measurements within and among devices for CL 
and 3D shade systems are in parentheses

L*

a*

b*

1.1/.266

1.8/.076

1.1/.276

15.1/<.001 

 5.5/<.001 

12.6/<.001 

t Value/P t Value/P
ShadeEye NCC

1.1/.265

0.5/.638

2.9/.006

t Value/P
VITA EasyShade

Within Devices Between Devices

L*

a*

b*

0.802

0.677

0.792

0.486

0.463

0.402

SE

0.928

0.814

0.852

ES

.042

.307

.282

P+

Device Repeatability Interdevice Reliability

+Probability of difference between horizontal pairs of ICCs
*Overall estimation based on all measurements

SE repeatability

ES repeatability

Interdevice reliability*

+Probability of difference between horizontal pairs of ICCs
*Overall estimation based on all measurements

0.894 (45.2) 

0.714 (45.2) 

0.866 (64.5) 

.255

.731

.036

ICC (%) P+
CL

0.813 (41.9) 

0.756 (41.9) 

0.640 (22.6) 

ICC (%)
3D
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 2  Box-and-whisker plots of CIE L*a*b* values of teeth with 
ShadeEye (SE) and EasyShade (ES) device for the first (1) and sec-
ond (2) measurements. A, L* values. B, a* values. C, b* values.

demonstrated less than 1 ΔE unit be-
tween measurements and an ICC value 
greater than 0.85. 

The color data was exported into 
the CIE L*a*b* system for the color 
measuring process, and into the VITA 
Classical (CL) (VITA Zahnfabrik) and 
Vitapan 3D-Master (3D) (VITA Zah-
nfabrik) 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 inter-
nally stored data. This function is per-
formed automatically in every mea-
surement with VITA EasyShade (ES), 
but with ShadeEye NCC (SE), is a 
separate function. For this reason, an-
other series of measurements had to 
be made with the SE device, to match 
the teeth to conventional shade guide 
systems. In this matching process, 
the SE device provides only a single 
match for the tooth, while ES gives a 
“strong” and a “second less possible” 
match for the tooth. In this study, only 
the “strong” match was considered 
with the ES device. It must be noted 
that when matching teeth to Vitapan 
3D-Master (3D) shades with ES, an 
intermediate shade between 2 adja-
cent shades is often indicated. This 
interpolated intermediate shade (mix-
ture of the 2 shades to achieve the in-
termediate) normally does not exist in 
the SE system, and for this reason, any 
intermediate shade was converted to 
the closest shade on the guide. 

The level of device differences in 
measuring tooth color was evalu-
ated using paired t tests on the actual 
L*a*b* values given by the devices. To 
estimate the repeatability and interde-
vice reliability of devices in measuring 
and matching tooth color, the intrac-
lass correlation coefficient (ICC) was 
calculated as an average measure for 
absolute agreement of a 2-way mixed 
effect model. All tests were performed 
at an alpha of .05 with the use of sta-
tistical software (SPSS 10.0.7; SPSS, 
Inc, Chicago, Ill). Pairwise ICC com-
parisons were made using the Fischer 
z-transformation of the 2 coefficients, 
as suggested by Papoulis.21

RESULTS

The mean L*a*b* values of the 
teeth measured by the 2 devices are 
given graphically in the box-and-whis-
ker plots in Figure 2. ES showed higher 
CIE L*a*b* values than SE for all color 
parameters. Paired t tests performed 
on these values showed significant 
differences among devices (P<.001) 
for all color parameters. However, no 
significant differences (except for b*, 

with ES) were found between mea-
surements within devices (Table I). 

ICCs of devices based on L*a*b* 
measurements of teeth are shown in 
Table II, along with the differences 
between the horizontal pairs of co-
efficients. Intradevice ICCs (device 
repeatability) were slightly higher for 
ES than for SE, but statistical analy-
sis showed a significant difference 
only for the L* parameter. Analysis of 
interdevice ICCs (interdevice reliabil-
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ity) showed moderate22 values for all 
color parameters, and no significant 
difference (P=.921) between them 
(Table II). 

ICCs for repeatability and interde-
vice reliability in matching are shown 
in Table III, along with the P values 
between the horizontal pairs of coef-
ficients. The higher ICC of SE, as com-
pared to the ES device, was signifi-
cant only for the CL system (PCL=.042, 
P3D=.308, respectively).

Agreement rates of devices in 
matching teeth shades to conven-

tional shade systems (CL and 3D) 
are given also in Table III and calcu-
lated for comparison with other stud-
ies. For an estimation of the overall 
agreement rate of the devices, both 
shades indicated by each device in the 
2 subsequent matches were counted. 
The overall interdevice reliability was 
calculated in the same manner, for 
the CL and 3D systems, and the re-
sults showed significantly higher val-
ues for the CL than for the 3D system 
(P=.036) (Table III).

DISCUSSION

In this study, the results do not 
support rejection of the null hypoth-
esis that measuring repeatabilities of 
the 2 devices were not different; how-
ever, only for the a* and b* param-
eters. The results also do not support 
rejection of the null hypothesis that 
matching repeatabilities of the devices 
were not different; however, only with 
the 3D shade system. In addition, the 
results do not support rejection of the 
null hypothesis that interdevice mea-
suring and matching reliabilities were 
not different.  

Measurements of tooth color, L*, 
a*, and b* values, within the same 
device, were not different between the 
2 measurements, except for b* when 
it was measured with the ES device. 
The color difference of the measure-
ments had an average value of 3.40 
and 3.31 ΔE units for the SE and ES 
devices, respectively. These values 
remain below the 50% acceptabil-
ity level of 5.5 ΔE units,15 but exceed 
the 50% perceptibility threshold for 
a clinical mismatch (2.6 ΔE units).15 
Since the investigator was well experi-
enced with both devices, a significant 
part of these values may be attributed 
to tooth variance in surface morphol-
ogy, convexity, and, primarily, enamel 
thickness and opacity, even though 
the teeth had been carefully selected. 
Minor variations in instrument repo-
sitioning could also have contributed 
to discrepancies in instrument consis-
tency. Human tooth substance is dif-
ficult to measure consistently due to 
its polychromatic nature and its vary-
ing translucency and surface texture. 

Analysis of repeatability (intrade-
vice reliability) in measuring tooth 
color showed that ICCs for L*, a*, 
and b* parameters ranged from excel-
lent to perfect (0.693 to 0.929), with 
no differences within the same device. 
Comparisons showed that the repeat-
ability of ES was significantly higher 
than SE only for the L* parameter. 
This means that in sequential measur-
ing of tooth reflectance, the ES device 
produces more reliable results.

Table I. Paired t test values, and significance (2-tailed P) of differences 
between and within devices, in measuring CIE L*a*b* color parameters

Table II. Intraclass correlation coefficients (ICCs) indicating 
device repeatability and interdevice reliability in measuring tooth 
color, based on mean of 2 measurements

Table III. Intraclass correlation coefficients for repeatability of 
devices and interdevice matching reliability to shade guide systems. 
Agreement rates of measurements within and among devices for CL 
and 3D shade systems are in parentheses

L*

a*

b*

1.1/.266

1.8/.076

1.1/.276

15.1/<.001 

 5.5/<.001 

12.6/<.001 

t Value/P t Value/P
ShadeEye NCC

1.1/.265

0.5/.638

2.9/.006

t Value/P
VITA EasyShade

Within Devices Between Devices

L*

a*

b*

0.802

0.677

0.792

0.486

0.463

0.402

SE

0.928

0.814

0.852

ES

.042

.307

.282

P+

Device Repeatability Interdevice Reliability

+Probability of difference between horizontal pairs of ICCs
*Overall estimation based on all measurements

SE repeatability

ES repeatability

Interdevice reliability*

+Probability of difference between horizontal pairs of ICCs
*Overall estimation based on all measurements

0.894 (45.2) 

0.714 (45.2) 

0.866 (64.5) 

.255

.731

.036

ICC (%) P+
CL

0.813 (41.9) 

0.756 (41.9) 

0.640 (22.6) 

ICC (%)
3D
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 2  Box-and-whisker plots of CIE L*a*b* values of teeth with 
ShadeEye (SE) and EasyShade (ES) device for the first (1) and sec-
ond (2) measurements. A, L* values. B, a* values. C, b* values.

demonstrated less than 1 ΔE unit be-
tween measurements and an ICC value 
greater than 0.85. 

The color data was exported into 
the CIE L*a*b* system for the color 
measuring process, and into the VITA 
Classical (CL) (VITA Zahnfabrik) and 
Vitapan 3D-Master (3D) (VITA Zah-
nfabrik) 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 inter-
nally stored data. This function is per-
formed automatically in every mea-
surement with VITA EasyShade (ES), 
but with ShadeEye NCC (SE), is a 
separate function. For this reason, an-
other series of measurements had to 
be made with the SE device, to match 
the teeth to conventional shade guide 
systems. In this matching process, 
the SE device provides only a single 
match for the tooth, while ES gives a 
“strong” and a “second less possible” 
match for the tooth. In this study, only 
the “strong” match was considered 
with the ES device. It must be noted 
that when matching teeth to Vitapan 
3D-Master (3D) shades with ES, an 
intermediate shade between 2 adja-
cent shades is often indicated. This 
interpolated intermediate shade (mix-
ture of the 2 shades to achieve the in-
termediate) normally does not exist in 
the SE system, and for this reason, any 
intermediate shade was converted to 
the closest shade on the guide. 

The level of device differences in 
measuring tooth color was evalu-
ated using paired t tests on the actual 
L*a*b* values given by the devices. To 
estimate the repeatability and interde-
vice reliability of devices in measuring 
and matching tooth color, the intrac-
lass correlation coefficient (ICC) was 
calculated as an average measure for 
absolute agreement of a 2-way mixed 
effect model. All tests were performed 
at an alpha of .05 with the use of sta-
tistical software (SPSS 10.0.7; SPSS, 
Inc, Chicago, Ill). Pairwise ICC com-
parisons were made using the Fischer 
z-transformation of the 2 coefficients, 
as suggested by Papoulis.21

RESULTS

The mean L*a*b* values of the 
teeth measured by the 2 devices are 
given graphically in the box-and-whis-
ker plots in Figure 2. ES showed higher 
CIE L*a*b* values than SE for all color 
parameters. Paired t tests performed 
on these values showed significant 
differences among devices (P<.001) 
for all color parameters. However, no 
significant differences (except for b*, 

with ES) were found between mea-
surements within devices (Table I). 

ICCs of devices based on L*a*b* 
measurements of teeth are shown in 
Table II, along with the differences 
between the horizontal pairs of co-
efficients. Intradevice ICCs (device 
repeatability) were slightly higher for 
ES than for SE, but statistical analy-
sis showed a significant difference 
only for the L* parameter. Analysis of 
interdevice ICCs (interdevice reliabil-

90

L*
 V

al
ue

s

Devices (SE=ShadeEye, ES=EasyShade)

85

80

75

70

65

60
SE1 SE2 ES1 ES2

A

2

a*
 V

al
ue

s

Devices (SE=ShadeEye, ES=EasyShade)

1

0

–1

–2

–3

–4
SE1 SE2 ES1 ES2

B

40

b*
 V

al
ue

s

Devices (SE=ShadeEye, ES=EasyShade)

30

20

10

0
SE1 SE2 ES1 ES2

C

A

B

C

Exhibit 1021 page 4 of 6 
DENTAL IMAGING



44 Volume 101 Issue 1

The Journal of Prosthetic Dentistry

45January 2009

Lagouvardos et al

system is used, the SE device performs 
better. Using both devices in clinical 
practice might be confusing, since 
they will most probably indicate dif-
ferent shades for the same teeth, due 
to their low interdevice reliability. The 
study was unable to distinguish the 
best device for measuring and match-
ing purposes. Since no external stan-
dards have yet been accepted, only 
studies with reference color can pro-
vide information about a better per-
forming device or technique. 

CONCLUSIONS

Within the limitations of this in 
vitro study, the following conclusions 
were drawn:

1. CIE L*a*b* color values of 
teeth measured with the ES device 
were greater than with the SE device. 
This color difference was at a clinically 
unacceptable esthetic level (10.01 ΔE 
units). 

2. Measuring repeatability was 
excellent to perfect for both devices 
and for all color parameters, but sig-
nificantly higher with ES for the L* pa-
rameter (ICC of 0.9285) (P=.042).

3. Measuring interdevice reliability 
was moderate for all color parameters 
(ICCs were 0.404 to 0.4865), with no 
significant difference as compared to 
each other.

4. Matching repeatabilities of de-
vices were excellent to perfect (ICCs 
were 0.714 to 0.894), with no signifi-
cant differences with respect to shade 
guide system.

5. Matching interdevice reliability 
based on all measurements was excel-
lent (ICCs were 0.640 to 0.866) but 
significantly different for the 2 shade 
systems (P<.05). 
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Comparing the color of teeth mea-
sured by the 2 devices, all color pa-
rameters were significantly higher with 
the ES device (mean ΔL=6.5, mean 
Δa*=1.2, mean Δb*=6.9). As a result, 
the mean ΔE of the 2 devices (10.01 
ΔE units) was well above the level for 
a clinically unacceptable color match 
(5.5 ΔE units).23 These differences are 
probably due to differences in light il-
lumination affecting the way the 2 de-
vices illuminate the tooth, differences 
in internal design and viewing geom-
etry affecting the way the instruments 
collect and measure the reflectance 
on the tooth surface, and differences 
in the internal CPUs and algorithms 
affecting the way they estimate the 
color tristimulus values. Since all tri-
stimulus values were greater with ES, 
the most obvious reason for this is 
that the device collects and measures 
higher reflectance values than SE for 
the entire spectrum, and primarily the 
yellow area. However, this study was 
not designed to determine accuracy 
of the devices, and for this reason, the 
higher values of ES do not mean that 
the device is more (or less) accurate 
than SE. Accuracy determination is 
important because instruments must 
provide measurements of the true val-
ues of color parameters, without sub-
stantial deviation from each other. 
Otherwise, human color vision vari-
ance is simply replaced by instrument 
variance. Interdevice reliability is also 
important. If a clinician uses one in-
strument and the dental laboratory 
technician another, it is very probable 
that the tooth shade will be replicated 
poorly in the restoration, if the in-
struments indicate different shades. 
Therefore, in clinical practice, using 
instruments that provide different 
L*a*b* values would have no conse-
quence for the final color of the res-
toration, if the device’s extrapolation 
algorithm was properly established to 
correctly indicate the standard color 
of a shade tab in a guide. Whether or 
not color selection devices use correct 
interpolation algorithms remains un-
clear. Interdevice reliabilities in mea-
suring tooth color and based on the 

mean of the 2 measurements ranged, 
within a moderate level, from 0.402 
to 0.486. These low values seem to 
support the view of Joiner et al19 that 
interdevice agreement is expected to 
be lower than intradevice reliability, 
due to difficulties in controlling sys-
tematic error in these devices result-
ing from device differences. 

Calculation of agreement rates 
based on the 2 matches of teeth to 
shade tab systems with each device 
(intradevice agreements) showed 
similar, moderate values for the 2 de-
vices (45.2%, 45.2%) or the 2 shade 
systems (45.2%, 41.9%). These agree-
ments were lower than those found by 
Tung et al16 (82%), who studied only a 
small number of teeth with shades pri-
marily from the A group of the Lumin 
Vacuum system in vivo. Low agree-
ments for the SE were also found by 
Li and Wang,14 and, for this reason, 
SE was considered responsible for 
the unreliable matching. Interdevice 
agreement showed different rates for 
the 2 shade systems, with the lower 
for the 3D system. Lower agreements 
for the 3D system were also found by 
Hugo et al,17 although they did not ex-
amine the same devices. 

Repeatability of devices in match-
ing, based on ICCs, showed lower val-
ues for ES than for the SE device (0.714 
and 0.756 and 0.894 and 0.813 for 
CL and 3D systems, respectively), but 
these were significantly different only 
when the CL system was used (P=.042 
for CL, P=.579 for 3D). This means 
that SE repeatability was better in 
matching teeth to the CL than to the 
3D shade system. Since no difference 
was found in the repeatability of de-
vices with each of the shade systems 
(P=.255 for SE and P=.731 for ES), 
the higher reliability of SE with the CL 
system probably results from a more 
accurate interpolation algorithm for 
CL than for the 3D system, which is 
relatively new. Therefore, in spite of 
their differences and the variability of 
shade systems, the devices manage to 
have the same repeatability in match-
ing, with either system. This indicates 
that CPUs inside the devices, with 

proper manipulation of matching 
data, can offer valuable assistance. 

W h e n   b o t h   m e a s u r e m e n t s 
(matches) were used in the estima-
tion of an overall interdevice agree-
ment, the rates were 64.5% for the 
CL and 22.6% for the 3D system. This 
difference in rates suggests that shade 
guides present a source of variation 
between devices. Reliability analysis 
also shows significantly different in-
terdevice reliabilities for the 2 shade 
systems. Since this estimation is actu-
ally based on the agreement of either 
of the 2 possible shades indicated by 
the first device with either of the 2 of 
the second device, interdevice reliabil-
ity based on fewer shades (for exam-
ple, 1 to 1) is expected to have lower 
agreement rates. For this reason, the 
manufacturer’s suggestion that “only 
one measurement is necessary for a 
correct matching, because of the lin-
earity of the measurements” cannot 
be accepted, and a more appropriate 
practice would be to choose the most 
frequently appearing shade from 3 in-
stead of 2 consecutive matches.

Although this study could have 
been done in vivo, control of the vari-
ability of tooth shade, surface mor-
phology, convexity, and opacity is 
difficult. This, together with the large 
number of measurements needed 
(about 15 within a certain period of 
time for each tooth), and the better 
control possible for repeated mea-
surements, favored an in vitro study. 
Whether the results can be extrapo-
lated to the in vivo situation remains 
to be demonstrated by further clinical 
studies. 

This study showed that measur-
ing reliability is high for both devices; 
therefore, they can be used in clinical 
practice for sequential or compara-
tive measurements of teeth. However, 
since the mean ΔE between repeated 
measurements was 3.3 to 3.4 units, 
the devices would probably be use-
ful for comparisons only in situations 
where a ΔE of more than 3.4 units is 
expected. Matching reliability with CL 
and 3D systems is about the same in 
both devices, but if the CL matching Exhibit 1021 page 5 of 6 
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system is used, the SE device performs 
better. Using both devices in clinical 
practice might be confusing, since 
they will most probably indicate dif-
ferent shades for the same teeth, due 
to their low interdevice reliability. The 
study was unable to distinguish the 
best device for measuring and match-
ing purposes. Since no external stan-
dards have yet been accepted, only 
studies with reference color can pro-
vide information about a better per-
forming device or technique. 

CONCLUSIONS

Within the limitations of this in 
vitro study, the following conclusions 
were drawn:

1. CIE L*a*b* color values of 
teeth measured with the ES device 
were greater than with the SE device. 
This color difference was at a clinically 
unacceptable esthetic level (10.01 ΔE 
units). 

2. Measuring repeatability was 
excellent to perfect for both devices 
and for all color parameters, but sig-
nificantly higher with ES for the L* pa-
rameter (ICC of 0.9285) (P=.042).

3. Measuring interdevice reliability 
was moderate for all color parameters 
(ICCs were 0.404 to 0.4865), with no 
significant difference as compared to 
each other.

4. Matching repeatabilities of de-
vices were excellent to perfect (ICCs 
were 0.714 to 0.894), with no signifi-
cant differences with respect to shade 
guide system.

5. Matching interdevice reliability 
based on all measurements was excel-
lent (ICCs were 0.640 to 0.866) but 
significantly different for the 2 shade 
systems (P<.05). 
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Comparing the color of teeth mea-
sured by the 2 devices, all color pa-
rameters were significantly higher with 
the ES device (mean ΔL=6.5, mean 
Δa*=1.2, mean Δb*=6.9). As a result, 
the mean ΔE of the 2 devices (10.01 
ΔE units) was well above the level for 
a clinically unacceptable color match 
(5.5 ΔE units).23 These differences are 
probably due to differences in light il-
lumination affecting the way the 2 de-
vices illuminate the tooth, differences 
in internal design and viewing geom-
etry affecting the way the instruments 
collect and measure the reflectance 
on the tooth surface, and differences 
in the internal CPUs and algorithms 
affecting the way they estimate the 
color tristimulus values. Since all tri-
stimulus values were greater with ES, 
the most obvious reason for this is 
that the device collects and measures 
higher reflectance values than SE for 
the entire spectrum, and primarily the 
yellow area. However, this study was 
not designed to determine accuracy 
of the devices, and for this reason, the 
higher values of ES do not mean that 
the device is more (or less) accurate 
than SE. Accuracy determination is 
important because instruments must 
provide measurements of the true val-
ues of color parameters, without sub-
stantial deviation from each other. 
Otherwise, human color vision vari-
ance is simply replaced by instrument 
variance. Interdevice reliability is also 
important. If a clinician uses one in-
strument and the dental laboratory 
technician another, it is very probable 
that the tooth shade will be replicated 
poorly in the restoration, if the in-
struments indicate different shades. 
Therefore, in clinical practice, using 
instruments that provide different 
L*a*b* values would have no conse-
quence for the final color of the res-
toration, if the device’s extrapolation 
algorithm was properly established to 
correctly indicate the standard color 
of a shade tab in a guide. Whether or 
not color selection devices use correct 
interpolation algorithms remains un-
clear. Interdevice reliabilities in mea-
suring tooth color and based on the 

mean of the 2 measurements ranged, 
within a moderate level, from 0.402 
to 0.486. These low values seem to 
support the view of Joiner et al19 that 
interdevice agreement is expected to 
be lower than intradevice reliability, 
due to difficulties in controlling sys-
tematic error in these devices result-
ing from device differences. 

Calculation of agreement rates 
based on the 2 matches of teeth to 
shade tab systems with each device 
(intradevice agreements) showed 
similar, moderate values for the 2 de-
vices (45.2%, 45.2%) or the 2 shade 
systems (45.2%, 41.9%). These agree-
ments were lower than those found by 
Tung et al16 (82%), who studied only a 
small number of teeth with shades pri-
marily from the A group of the Lumin 
Vacuum system in vivo. Low agree-
ments for the SE were also found by 
Li and Wang,14 and, for this reason, 
SE was considered responsible for 
the unreliable matching. Interdevice 
agreement showed different rates for 
the 2 shade systems, with the lower 
for the 3D system. Lower agreements 
for the 3D system were also found by 
Hugo et al,17 although they did not ex-
amine the same devices. 

Repeatability of devices in match-
ing, based on ICCs, showed lower val-
ues for ES than for the SE device (0.714 
and 0.756 and 0.894 and 0.813 for 
CL and 3D systems, respectively), but 
these were significantly different only 
when the CL system was used (P=.042 
for CL, P=.579 for 3D). This means 
that SE repeatability was better in 
matching teeth to the CL than to the 
3D shade system. Since no difference 
was found in the repeatability of de-
vices with each of the shade systems 
(P=.255 for SE and P=.731 for ES), 
the higher reliability of SE with the CL 
system probably results from a more 
accurate interpolation algorithm for 
CL than for the 3D system, which is 
relatively new. Therefore, in spite of 
their differences and the variability of 
shade systems, the devices manage to 
have the same repeatability in match-
ing, with either system. This indicates 
that CPUs inside the devices, with 

proper manipulation of matching 
data, can offer valuable assistance. 

W h e n   b o t h   m e a s u r e m e n t s 
(matches) were used in the estima-
tion of an overall interdevice agree-
ment, the rates were 64.5% for the 
CL and 22.6% for the 3D system. This 
difference in rates suggests that shade 
guides present a source of variation 
between devices. Reliability analysis 
also shows significantly different in-
terdevice reliabilities for the 2 shade 
systems. Since this estimation is actu-
ally based on the agreement of either 
of the 2 possible shades indicated by 
the first device with either of the 2 of 
the second device, interdevice reliabil-
ity based on fewer shades (for exam-
ple, 1 to 1) is expected to have lower 
agreement rates. For this reason, the 
manufacturer’s suggestion that “only 
one measurement is necessary for a 
correct matching, because of the lin-
earity of the measurements” cannot 
be accepted, and a more appropriate 
practice would be to choose the most 
frequently appearing shade from 3 in-
stead of 2 consecutive matches.

Although this study could have 
been done in vivo, control of the vari-
ability of tooth shade, surface mor-
phology, convexity, and opacity is 
difficult. This, together with the large 
number of measurements needed 
(about 15 within a certain period of 
time for each tooth), and the better 
control possible for repeated mea-
surements, favored an in vitro study. 
Whether the results can be extrapo-
lated to the in vivo situation remains 
to be demonstrated by further clinical 
studies. 

This study showed that measur-
ing reliability is high for both devices; 
therefore, they can be used in clinical 
practice for sequential or compara-
tive measurements of teeth. However, 
since the mean ΔE between repeated 
measurements was 3.3 to 3.4 units, 
the devices would probably be use-
ful for comparisons only in situations 
where a ΔE of more than 3.4 units is 
expected. Matching reliability with CL 
and 3D systems is about the same in 
both devices, but if the CL matching Exhibit 1021 page 6 of 6 
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