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ABSTRACT
introduction: The challenge of achieving accurate colour 
matching in restorative dentistry is central to success in 
aesthetics. For many years selection of tooth colour in 
both restorative and prosthodontic dentistry have relied 
on shade guides which present a number of tabs of 
differing hue. Signal difficulties do arise with their use, 
notably in terms of accuracy and variability under differing 
circumstances. The use of a digital device to evaluate and 
record tooth colour offers an advanced option. 

aim: There is merit in assessing the extent of agreement 
between the digital and the human assessment methods. 

Method: Twenty five patients were selected who had all 
upper anterior teeth, with the right central being pristine. 
Colour assessments were undertaken using a variety of 
guides and devices. The measurements were recorded 
and subjected to statistical comparisons. 

results: In general there were significant differences 
recorded between the systems but it appears that these 
results may not be of clinical import. 

Conclusions: The advice to practitioners is that it would 
be best practice to use both human assessment and digital 
evaluation to ensure that acceptable aesthetics are achieved. 

INTRODUCTION
Colour matching remains one of the most challenging 
tasks in clinical dentistry. The ability of a dentist to select 
and communicate an acceptable shade match is an 
important factor for the success of treatment especially in 
meeting patient expectations and demands for accuracy 
in aesthetic dentistry.1,2 

Traditionally, shade matching of teeth in dentistry is done by 
visually comparing the colour of tooth/teeth with standard 

shade guide tabs, the operator choosing that which he/
she deems to be the best or closest match. These shade 
guides offer relatively quick and cost effective methods 
of shade matching, offset by the major problems of the 
subjective variability of shade matching, the polychromatic 
nature of teeth, and the limitations of dental shade guides 
that incompletely represent the colour range of natural 
teeth.3 The inconsistencies between commercially available 
shade guides and actual tooth shades are influenced by 
the variety of materials used to fabricate these guides.4 

Differences in perception of colour (operator subjectivity), 
operator experience,5,6 fatigue and colour blindness are hu-
man physiological factors affecting visual tooth matching. 
Colours appear different when viewed under varying light 
sources, which may have different colour distribution. This 
phenomenon is known as metamerism and may result in 
perceptible and unacceptable colour differences in chang-
ing settings.7 Thus, ambient light has to be standardised 
before tooth colour is assessed, to minimise the influence 
of variables such as the light source, time of day, the sur-
rounding background colour of the walls and the angle and 
distance at which the tooth is viewed by the operator.8 

Recently, various clinical colour-measuring devices have 
become available. These are efficacious in quantifying 
the natural tooth colour and also enable communication 
between technicians and dentists to be more uniform and 
accurate.9 A number of colour-measuring instruments 
are commercially available such as ShadeVision (X-Rite, 
Grand Rapids, MI, USA), which is a colorimeter; Easyshade 
(Vita Zahnfabrik, Bad Sackingen, Germany), which is a 
spectrophotometer that does not provide images; and 
SpectroShade Micro (MHT, Verona, Italy) and Crystal-eye, 
which are spectrophotometers that also provide images.2 
The advantages of a digital shade-matching system include 
objective readings and accuracy. The spectrophotometer 
can be used consistently to accurately measure the 
natural tooth colour in reference to a known colour, and 
it can be used based on the settings of other shade 
matching systems. It evaluates the colour characteristics 
of the tooth by measuring the different light intensities in 
various parts of the tooth/colour distribution. These data 
are then transmitted to software which maps the different 
shades on a digitised tooth. In this way, the instrument 
develops an accurate interpretation of the tooth shade on 
a given colour system, which can then be related to an 
existing dental shade tab or to a colour that is interpolated 
between the shade tabs.
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Whether by visual or digital means the evaluation of colour 
requires an understanding of how it is measured and 
expressed.10 The Munsell scale has been traditionally used 
in dentistry where hue, chroma, and value parameters are 
used to express the colour of teeth. Most of the visual 
shade-matching guides use this scale. Commission 
Internationale de l’Eclarirage (CIE) defines colour in L*a*b* 
colour coordinates within a three dimensional colour 
space.11 The L* represents the brightness, a* represents 
the red-green chroma and b* represents the yellow-blue 
chroma. Colour difference ΔE*(a*b*) quantifies the colour 
difference between any two objects.11

The limitations of the visual shade guide method can 
contribute to the dissatisfaction of patient, technician 
and clinician with inaccurate colour matching. There will 
be inconsistencies amongst dentists in matching tooth 
shades with shade guides, as is evidenced by the inability 
of some dentists to reliably duplicate their own previous 
shade selections.6 Therefore, an exact colour match is 
rarely possible, and hence the need to determine the 
magnitude and direction of the differences or errors. 

Several studies21,22,24 have shown differences between vis-
ual shade matching guides and digital devices for shade 
matching but few10,31 have looked at the clinical implications. 
Currently, very few studies have quantitatively assessed the 
errors or differences arising from visual shade matching 
using shade guides in vivo to determine colour of teeth. 
The aim of this study was to evaluate and compare the dif-
ferences in colour selection between visual shade-taking 
using Vita Classical and Vita 3D Master (VITA Zahnfabrik 
GmbH, Germany) shade guides and the data recorded by a 
spectrophotometer (SpectroShade MHT, Verona, Italy). 

MATERIALS AND METHODS  
Twenty five patients aged between 20 and 25 years were 
randomly selected. The inclusion criteria for patients were a 
complete set of anterior teeth and a sound upper right cen-
tral incisor (tooth number 11). The exclusion criteria were dis-
coloured tooth/teeth, presence of any caries or restorations, 
non-vital teeth, presence of crowns or veneers related to the 
tooth to be matched, smokers, patients with poor oral hy-
giene, presence of any enamel or dentinal defects, patients 

that have previously under-
gone whitening procedures 
and patients that were us-
ing any form of orthodontic 
appliance at the time of the 
shade determination.

All patients were seated in a 
dental chair set in the upright 
position with the patient’s 
head firmly positioned in the headrest, in a room with 
grey walls and ceiling-mounted D65 daylight-corrected 
fluorescent lighting (K6500). Prior to shade matching the 
tooth surface was cleaned by asking the patient to brush 
the front teeth for one minute and then rinsing. The teeth 
were then thoroughly drenched with water spray to avoid 
a false reading due to extrinsic discolouration. The tooth 
surface was wiped with moistened gauze immediately 
prior to taking the reading. Care had also been taken not 
to dehydrate the teeth prior to colour measurements to 
avoid changes in opacity, which may occur as a result of 
intrinsic loss of humidity.

spectrophotometer measurements
A reflectance spectrophotometer (SpectroShade, Handy 
Dental Type 71.3000, Serial No. HDL2173, MHT, Verona, 
Italy) was used in this study. For the first shade match-
ing reference point the spectrophotometer (Figure 1) was 
set on Vita Classical. As per the instructions of the manu-
facturer a calibration of the spectrophotometer was per-
formed before each reading was taken using a white and 
green ceramic block provided by the manufacturer. 

The device was set on full tooth mode and was placed 
perpendicular to the tooth surface of the  maxillary right 
central incisor (Figure 2), flush on the area between the 
middle third of the crown and the incisal edge as indicated 
by the cross lines seen on the image of the tooth on the 
device. The instrument was hand-held steadily against 
the tooth surface and the activation button on the hand 
piece was pressed until the machine beeped to indicate 
completion of the measurement and the result shown on 
the screen of the device. A reading was obtained only 
when the tooth was in full focus and an outer green line 
completely encircled the image of the tooth (Figure 3). 
These precautions enabled accurate and reproducible 
readings. Each reading was repeated several times by 
one examiner until two identical and sequential readings 
were achieved. That data was taken as the reference for 
the tooth in the Vita Classical Shade. 

For the second shade matching reference reading, the 
spectrophotometer (Spectroshade MHT, Verona, Italy) 
was set on Vita 3D Master Shade and the colour match-
ing procedure was then repeated for each patient.

Both the Vita Classical and Vita 3D Master readings were 
then converted to the L*a*b* scale using the SpectroShade 
software (Spectroshade MHT, Verona, Italy). 

The third set of reference readings were obtained when 
the spectrophotometer was set on L*a*b* colour system to 
obtain an objective (actual) colour of the tooth and the col-
our matching procedure was repeated for each patient.

Tooth colour determination by shade tab selection
The colour of the test teeth were also matched using 
two shade guide systems, Vita Classical (16 shade tabs) 
and Vita 3D Master with 26 shade tabs Two experienced 
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Figure 1: Spectrophotometer held at middle third of the tooth.

Figure 2: Green outer line around the 
tooth as seen on spectrophotometer.
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male operators (each with about 25 years clinical experi-
ence), independently recorded the colour of the maxillary 
right central incisor under the same conditions as for the 
spectrophotometer. Prior to this study, both operators had 
taken an online colour test (X-rite Pantone Test based on 
the Farnsworth Munsell 100 Hue Test) and had shown high 
accuracy for visually assessing shade. 

validation of l*a*b* colour measurements 
To validate the repeatability of the spectrophotometric analysis 
of L*a*b* data of the upper central incisor, separate measurements of the shade 
tabs of both the Vita Classic and Vita 3D Master were taken with the device. Mean 
colour differences (ΔE*a*b*) between the shade tab data and the spectrophotometer 
readings were then analysed using the Commission Internationale de l’Eclarirage11 
colour coordinates and described using the following calculations:
1. ΔL* = L*2 - L*1 
 L*:  lightness-brightness difference in lightness/darkness value + = lighter 

and – = darker
2. Δa* = a*2 - a*1

 a*: green-red difference on red/green axis  + = redder and – = greener
3. Δb* = b*2 - b*1

 b*: yellow-blue difference on yellow/blue axis + = yellower and – = bluer
4. ΔE*(a*b*) = [(ΔL*)2+ (Δa*)2 + (Δb*)2 ]½  (total colour difference value)

STATISTICAL ANALYSES
The level of agreement for shade-matching techniques were determined using 
the Pearson’s Correlation Coefficient using IBM SPSS ver21 statistics pro-
gram (SPSS Inc., Chicago IL, USA). Multiple comparisons between the groups 
were analysed using the Wilcoxon Signed Rank Test. All non-parametric sta-
tistical analyses were performed at a 95% confidence interval (CI) with the level 
of probability set at alpha = 0.05.

RESULTS
Figures 3 and 4 show the relationship of the data between operators 1 and 2 
compared with those of the spectrophotometer set on the Vita Classical scale. 
The yellow band shows the number of teeth whose readings were in agreement 
between the operators and the spectrophotometer. The data of 17 teeth were 
in agreement between operator 1 and the spectrophotometer while a total of 
eight teeth (four above and four below the yellow band) showed disagreements 
(Figure 3). Operator 2 was in agreement with the spectrophotometer 15 times 
(Figure 4) and showed a differences on 10 readings (five above and five below 
the yellow band of agreement). 

Table 1: Mean CIE L*a*b* color differences, ΔE*a*b* with standard 
deviation between the actual color of the tooth and the selected 
shade of the spectrophotometer, operator 1 and operator 2 in Vita 
Classical and Vita 3D Master.

SpectroShade Operator 1 Operator 2

Vitapan Classical 2.22 (0.65) 2.78 (1.08) 2.80 (1.01)

Vitapan 3D Master 2.18 (0.65) 3.33 (1.26) 3.30 (1.28)

Table 2: Pearson’s Correlation matrix of color difference (ΔE*a*b*) units between Operator 1, Operator 2 and Spectrophotometer in 
Vita Classical (VC) and 3D Master shade guides

Vita Classical Vita 3DMaster

SpectroShade Operator 1 Operator 2 SpectroShade Operator 1 Operator 2

SpectroShadeVC 1 0.394 0.322 0.397 0.105 -0.038

Operator 1 0.394 1 0.633 -0.008 0.183 0.292

Operator 2 0.322 0.633 1 0.289 0.433 0.222

SpectroShade3D 0.397 -0.008 0.289 1 0.540 0.236

Operator 1 0.105 0.183 0.433 0.540 1 0.649

Operator 2 -0.038 0.292 0.222 0.236 0.649 1
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Figure 3: Operator 1 vs. spectrophotometer on 
Vita Classical shade guide.

Figure 4: Operator 2 vs. spectrophotometer on 
Vita Classical shade guide.

Figure 5: Operator 1 vs. spectrophotometer set 
on Vita 3D Master shade guide.

Figure 6: Operator 2 vs. spectrophotometer set in 
Vita 3D master shade guide.

When using the Vita 3D Master shade guide, operator 1 
was in agreement in four instances and out of agreement 
21 times with the spectrophotometer (Figure 5) while op-
erator 2 was in agreement nine instances and out of agree-
ment with the spectrophotometer 16 times (Figure 6).

When the colour differences between the actual colour of 
the tooth and the readings of the operators in the L*a*b* 
scale (ΔE*a*b*) were compared there was no significant 
difference between the data of the operators in both the 
shade guide systems (Wilcoxon Signed Rank Test, p>0.05). 

There was a significant difference, however, between the 
colour differences between the visual shade guides and the 
spectrophotometer (Wilcoxon Signed Rank Test, p<0.05). 
The mean CIE L*a*b* colour difference (ΔE*a*b*) between 
the actual colour of the tooth in Vita Classical and the 
shade selected by the spectrophotometer, and by operator 
1 and by operator 2 were 2.22(SD±0.65), 2.78(SD±1.08) and 
2.8(SD±1.01) respectively, while the colour differences in the 
Vita 3D Master system were 2.18(SD±0.65), 3.33(SD±1.26) 
and 3.30(SD±1.28) for the spectrophotometer, operator 1 
and operator 2 respectively (Table 1).
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Both operators were in agreement 64% of the time on the Vita 
Classical shade guide when compared with the spectropho-
tometer. There was a strong positive correlation in the colour 
differences (Table 2) between operator 1 and operator 2, both 
in the Vita Classical shade guide data (Pearson’s coefficient 
of correlation, r = 0.63) and in the Vita 3D Master shade guide 
data (Pearson’s coefficient of correlation, r = 0.649).  

In L*a*b* scale there was a strong negative correlation in 
the L* and a* for both Vita Classical (Pearson’s coefficient 
of correlation, r = -0,817) and Vita Master3D (Pearson’s 
coefficient of correlation, r = -0,852).

DISCUSSION
Colour matching of a natural maxillary central incisor, 
even under ideal conditions, is one of the most difficult 
challenges in clinical dentistry.2 Despite the fact that the 
inaccuracy and subjectivity of visual perception and the 
limitations of shade guides have been pointed out,2,12,13 

the technique is still one of the primary methods of col-
our matching in dentistry,14,15 with the Vita Classical shade 
guide being the most popular.12 

A colour-measuring device that produces constant values 
under any given condition would be most valuable.9 In this 
study the spectrophotometer was sequentially set on the 
Vita Classical, Vita 3D Master and L*a*b* scales to com-
pare those data with the results of the visual method of 
shade matching. The spectrophotometric reading is not 
affected by ambient light, and the amount of light reflect-
ed from objects is measured over a full spectral wave-
length.2 A high level of agreement was observed in the 
use of spectrophotometers confirming their reliability for 
use as a shade matching device in dentistry.9,16,17 Most, 
including SpectroShade, had similar high reliabilities (over 
96%), indicating predictable shade values from repeated 
measurements.18,19 However, widespread use of spectro-
photometers in clinical settings is hampered by the fact 
that the equipment is complex and expensive and that it is  
difficult to measure the colour of teeth in vivo.29

In this study the colour matching in both visual colour meth-
ods as measured by the operators using both the Vita Clas-
sic and Vita 3D Master systems differed from the spectro-
photometer readings. Both operators were accurate 64% of 
the time when using the Vita Classical shade guide. Other 
studies showed inter-observer agreement in selecting the 
best shade match to be about 30% for both Vita Classical 
and Vita 3D Master.20,21 In a study by Paul et al,22 the human 
operators using Vita Classical shade tabs visually selected 
shades that were matched with shades measured by means 
of a reflectance spectrophotometer in only 26% of the tests. 

In the Vita 3D Master shade scale data, a larger difference 
was noted between the human observers and the digital 
measurement, possibly as a result of the system having more 
shade tabs, making these smaller colour differences more 
difficult to detect by the human eye, especially when the data 
were closer to the yellow band of agreement (Figures 5 and 
6). The distribution of the chroma, and the CIE L*, a* and b* 
values in the Vita 3D Master shade guide is more ordered and 
equally distributed15 compared with the Vita Classic shade 
guide.23 The intervals in the colour parameters between 
adjacent tabs are not uniform,15,13 and the colour difference 
values between each pair of shade tabs in the Vita 3D Master 
shade guide study ranged between 0.9 and 18.6 ΔE units.15 
Furthermore, coverage errors and ΔE values in all of the five 
shade guide systems tested were all beyond the clinical 
threshold of ΔE = 3.3 units.24 When considering 16 colours, 

there is a low agreement between visual assessment 
by the examiners and by the digital spectrophotometer, 
possibly explained by the predominance of shades of 
colour situated in the medium spectrum of the shade guide, 
impairing visual detection of small colour changes by the 
examiners.25 Examiners find difficulty in identifying exact 
colours or differentiating between colours immediately 
adjacent on the Vita Classical shade scale.25

 
For a more accurate and predictable aesthetic outcome it 
has been suggested that both instrumental and visual colour 
matching methods should be used, as they complement 
each other26 especially where there may be uncertainties 
from visual matching techniques.

In the current study the MHT SpectroShade was used as 
it can measure colour when set in the Vita Classical, Vita 
3D Master or L*a*b* scales. The SpectroShade measures 
the complete tooth surface area providing a colour map 
of the tooth that can then easily be communicated to 
laboratories. Other devices that measure a limited tooth 
surface area (3 to 5 mm) may suffer an edge loss of the 
light, which may result in errors in colour.27 Also, the light 
from the SpectroShade is splinted in order to have each 
tooth illuminated simultaneously from two sides at 45o 
angles and directed at 0o observation configuration (MHT 
Optic Research AG, Switzerland), which will avoid the 
inaccuracies of edge loss.28 Spectroshade was the most 
repeatable device in recording tooth shades clinically and 
showed a good proportion of complete agreement, higher 
than that achieved by X-Rite Shadevision colourimeter and 
Vita Easyshade spectrophotometer.29 

Colour difference (ΔE*a*b*) quantifies colour difference 
between any two objects, thus enabling a more precise 
understanding of the magnitude of the difference in col-
our. In this study, the mean colour difference (ΔE*a*b*) of 
actual tooth colour (SpectroShade set in L*a*b* scale) and 
the SpectroShade readings set in Vita Classical and Vita 
3D Master of the corresponding tooth was 2.2, while the 
colour difference between the chosen shade tabs of Vita 
Classical for operators 1 and 2 and the actual colour of the 
corresponding tooth was 2.8 for both operators and 3.3 
in the Vita 3D Master system. Paravina et al30 have shown 
colour differences ranging between 2.4 and 5.2. When the 
differences they recorded between the best shade match-
ing tabs were compared, the ΔE values ranged from 4.5 
to 6.2,31 and are greater than those obtained in this study. 
ΔE*a*b* values of tooth ⁄ shade tab values were found to 
be 7.61 for Vita Classical and 3.54 for Vita 3D Master.24 

There is currently no consensus in the dental literature as 
to how much colour difference is considered an acceptable 
colour mismatch and how much of a colour difference is 
perceptible to the observer.10 Colour differences of ΔE*a*b* 
= 1 were detectable by 50% of the observers in-vitro,32 
while Douglas and Brewer33 found 50% of the prosthodon-
tists rejected a crown mismatch of ΔE*a*b* = 1.7 in vitro. 
Douglas et al,10 showed a higher value of 2.6 ΔE units at 
which 50% observers could perceive a colour difference 
(perceptibility tolerance). A colour difference of 5.5 ΔE units 
was considered in that study as a mismatch in vivo but 
was clinically acceptable (acceptability tolerance). ΔE = 3.3 
was considered unacceptable for 50% of observers when 
comparing composite resin specimens in vitro.34 A colour 
difference of ΔE = 3.7 units between teeth in the mouth 
was rated as a match, while ΔE = 6.8 as a mean colour 
difference was rated as a marginally acceptable mismatch 
between compared teeth under in vivo conditions.35
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It is important to establish tolerances for both perceptibility 
and acceptability in terms of colour difference (ΔE units), 
as research results assessed for statistical significance 
alone cannot be interpreted for clinical significance.10 It 
may seem that a higher tolerance level may be acceptable 
in in vivo conditions.

Therefore, although differences were found in this study be-
tween the shade tabs chosen when using the Vita Classical 
and Vita 3D Master shade guides and the spectrophotome-
ter readings, the actual colour differences may not be readily 
perceived and/or may be acceptable in the clinical situation. 

The strong negative correlation in the L* and a* for both Vita 
Classical (Pearson’s coefficient of correlation, r = -0,817) 
and Vita Master3D (Pearson’s coefficient of correlation, r = 
-0,852) indicates that as the error in L* increases the error 
in a* decreases. It may seem that errors in L* i.e. lightness/
brightness during shade matching may be an important fac-
tor in obtaining correct shade matching.

The Vita Classical shade guide was chosen for comparison 
because it has been a gold standard in dentistry for decades30 

and is well established in the market, and the Vita 3D Master 
was supposed to more closely cover the tooth colour space.

This study was designed to evaluate the accuracy of 
the visual shade matching technique and not to test 
the reliability of the spectrophotometer. A similar study 
design can be used to test the reliability of two or more 
spectrophotometers. This study evaluated each operator 
of the spectrophotometer separately for it seemed logical 
to test each operator individually rather than combining 
the readings as separating the data may give a broader 
descriptive analysis of any variability that may be present.

CONCLUSION
Within the limitations of this study, the results indicate that 
although visual assessment using shade guides to deter-
mine colour of natural teeth differed from that obtained 
using a spectrophotometer, the actual colour differences 
between the chosen visual shade matching tabs and the 
spectrophotometer fall within clinically acceptable limits.

CLINICAL SIGNIFICANCE
Whenever possible, both the instrumental and visual colour 
matching method should be used, as they complement each 
other especially where there may be colour measurement 
uncertainties from visual matching techniques and the com-
bination can lead to a more predictable aesthetic outcome.
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