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Comparison of colour components
between maxillary central incisors –
an in vivo study.
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ABSTRACT
Objectives: The purpose of this study was to determine
the relationship of colour in the CIE L*a*b* scale between the
maxillary central incisors.
Methods: The colour of the maxillary central incisors of 83 patients was measured (in vivo) using a spectrophotometer. Three
measurements (6 mm diameter) at the centre of the crown of
each of the maxillary central incisors were performed.
Results: The total colour difference (ΔE*ab) showed wide
variability with the average ΔE*ab = 1.79. The Wilcoxon
Signed Rank Test showed statistically significant differences
(p < 0.05) between maxillary right (11) and left central incisors (21) in both the L* and b* colour components. In the a*
scale no significant difference was noted.
Conclusion: Small colour differences exist between the
maxillary central incisors in the same individual when evaluated with a spectrophotometer.
Clinical significance: As there is often a difference between the colours of the two central incisors in the same patient, the colour of both the central incisors should be taken
into consideration when shade matching anterior teeth.
Key words: Colour, incisors, spectrophotometer, L*a*b*,
CIELAB.

Introduction
In clinical dentistry colour matching of teeth is already a challenging task but as the aesthetic demands and expectations
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ACRONYM
CIE System: Commission Internationale de l’ Eclairage or
International Commission on Illumination

of patients escalate, so will there be an increasing need to
achieve accuracy.1,2 Hence, precise colour matching, and
obtaining a base line colour, especially of the anterior teeth,
is critical for success in aesthetic dentistry. Currently, some
of the major problems with colour matching are due to the
subjective nature of the procedure, or as a result of operator
variability, the limitations of shade guide tabs that do not fully
represent the colour space of natural teeth, polychromaticity
of teeth, lighting conditions, wetness/ dryness of teeth and/
or variations in the texture of the tooth surface.3
Tooth colour selection can be performed using either visual shade matching or instrumental colour analysis. Visual
shade matching is affected by many factors, such as surrounding illumination and conditions, physiological variables
of the operator including age, metamerism and the method used.4,5 These limitations can lead to inaccurate colour
matching when relying on shade guides, and can result in
dissatisfaction of patient, technician and clinician.6
Commercial digital cameras have been proposed as a
means of tooth shade matching.7 However, the image quality is dependent on many factors and can vary depending
on the type of camera, the camera settings, lighting conditions, size of the image captured, the relative position of
teeth, and shade guides.1 Furthermore, the interpretation of
tooth colour using a digital photograph is highly dependent on the individual and can be subjective and often inaccurate.1 Recently, various numerically-based instruments
such as the spectrophotometer and the colorimeter have
become available. These colour-measuring devices are reportedly more effective, uniform and accurate in quantifying
the natural tooth colour, thus enabling improved communication between technicians and dentists.7 Better results can
be achieved if both the dentist and the technician calibrate
the spectrometer.
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The two main colour measuring processes are the Munsell
Colour Order System and the CIE System (Commission Internationale de l’ Eclairage or International Commission on Illumination).8 The CIE system relies on wavelengths to define
a uniform colour space based on tristimulus values (i.e. three
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right and left central incisors actually do occupy the same
colour space in the CIE L*a*b* scale.
Therefore, the aim of this study was to determine the relationship of colour components in the CIE L*a*b* scale of the two
maxillary central incisors within the same patient, to determine
whether or not they occupy the same colour space.

Materials and methods

Figure 1: Colour coordinates in the L*a*b* scale (CIE 1976).

spectral stimuli received by the three types of cone cells in
the eye and as perceived by a standardized observer). This
was further expanded in 1976 to become the CIE L*a*b* system (Figure 1). In this system the L* axis is lightness/brightness, is defined as the perceived brightness, ranging from
black to white, and measured on a scale from 0 (black) to
100 (white). The a* value gives the quantity of green (if negative) or red (if positive). The b* value describes the quantity
of blue (if negative) or yellow (if positive). CIE L*a*b* allows for
quantification of colour differences between objects. The
delta values associated with this colour scale, ΔL*, Δa*, and
Δb,* indicate by how much a standard and a sample differ
from one another in the L*, a*, and b* scale.
The apparent colour of a tooth is dependent on the structure of the tooth i.e. thickness of the enamel layer, which
will, through absorption or scattering, modify the amount
of light reflected from the dentin.9 A number of factors may
affect shade selection, including specular transmission of
light through the tooth; specular reflection at the surface;
diffuse light reflection at the surface; absorption and scattering of light within the dental tissues; enamel mineral content; enamel thickness; dentine colour,and the presence of
extrinsic and intrinsic stains as well as surface texture, wetness of the surface and contour.9,10,11,13,14,15
Differences in tooth colour exist among people, among different teeth in the same person9 and within the same tooth.10
Colour varies in the same tooth with a gradual decrease in
lightness from incisal to cervical area11 making colour matching of teeth even more complicated. The cervical area of the
tooth may appear either reddish or yellowish, being either
affected by gingival pink for redness, or yellowness from
root colour if covered by a thin layer of enamel.10 Hence,
Schwabacher and Goodkind12 suggested that during colour
matching of maxillary anterior teeth, the best representation
will be in the middle third of the crown.
Tooth colour differences have been reported between
central incisors and canines,13,14 between maxillary incisors
and mandibular incisors15 as well as varying with age11,13 and
gender,15 but to our knowledge no studies have been done
comparing the colours of the two maxillary central incisors.
Specifically, it has not been determined whether the maxillary

Eighty three randomly selected patients aged between
17 and 25 years took part in this study. Inclusion criteria
were that they had to have both permanent central incisors
present, that teeth were free of any caries or restorations,
absence of fluorosis, intrinsic or extrinsic staining and had
not previously been subjected to any tooth whitening procedures. Prior to colour recording, the teeth were polished
using a rubber cup (Nu-PRO Disposable Prophy Angle;
Dentsply Intl; USA) and a slurry of pumice (Nu-PRO Prophylaxis Paste; Dentsply Intl; USA), flowed by rinsing with water
and finally blot drying. A spectrophotometer (Model: CM2600d, Konica Minolta Sensing, Inc., Japan) was set on the
CIE L*a*b* colour space and calibrated as outlined by the
manufacturer. The colour of the maxillary central incisors,
(11 and 21) was recorded at the centre of the crown using
a six mm diameter probe. Three measurements of this area
were performed on each of the two teeth. The average of
the three readings was calculated and recorded for statistical analysis. Multiple factors were then analyzed in terms
of the colour matching process using the CIELAB8 colour
coordinates as shown in Figure 1 and described using the
following calculations:8
1. ΔL* =L*21 - L*11
(L*: lightness/brightness) difference in lightness/darkness
value + = lighter and – = darker
2. Δa* = a*21 - a*11
(a*: green-red) difference on red/green
axis + = redder and – = greener
3. Δb* = b*21 - b*11
(b*: yellow-blue) difference on yellow/blue
axis + = yellower and – = bluer
4. ΔE*ab = [(ΔL*)2 + (Δa*)2 + (Δb*)2 ]½
(total colour difference value)
ΔL*, Δa* and Δb* are the mathematical differences in the L*,
a* and b* components of the CIE LAB scale between the
readings on the upper right and upper left central incisors.
The ΔE*ab was then determined as the mathematical difference in colour between the two central incisors, permitting
a precise numerical definition of the magnitude of that difference.16 The CIE L*a*b* values were then plotted in a 3-dimensional graph (Image J software 1.47v; National Institute
of Health, USA), enabling visual comparisons.

Statistical Analysis
The data was analyzed using a statistical software package
NCSS 2007 (NCSS, LLC, Kaysville, UT, USA). The L*, a* and
b* values and the total colour differences for the central incisors were compared using the Wilcoxon Signed Rank Sum
Test with the level of significance set at p<0.05.

Results
The Wilcoxon Signed Rank Test showed statistically significant
differences between maxillary right (11) and left central incisors
(21) in both the L* and b* colour components (Table 1).
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Table 1: Differences in L*, a*,b* values for tooth number 11 and 21.
Difference
(21-11)b*

83

83

83

Average

0.37

-0.05

-0.43

Standard Dev.

1.790

0.397

1.069

Minimum

-6.070

-1.290

-3.030

Q1-1st quartile

-0.530

-0.172

-0.997

Q2-Median

0.190

-0.040

-0.297

Q3-3rd quartile

1.522

0.102

0.117

Maximum

4.070

2.200

4.120

p-value of Wilcoxon
Signed Rank test
(significant at p<0.05)

0.0410

0.0962

0.0002

Count

In the L* (lightness/brightness) scale, about 50% of the individuals showed differences between the two central incisors. In the a* scale i.e. green/red range, no significant
difference was found, but, in the b* scale, about 37% of
the individuals showed a difference between the two central incisors i.e. in the yellow/blue range, with the values for
11 being the larger (Figures 2, 3 and 4). Calculation and
analysis of the ΔE*ab values revealed a wide range (coefficient of variation 70.7%), suggesting that there is a disparity
in the colour differences between the two central incisors.
The average ΔE*ab was 1.79 (standard deviation 1.26) with
70.6% of the individuals having an ΔE*ab > 1, while 14% of
the individuals showed a ΔE*ab > 3.
CIE L*a*b* mean values plotted using the software : Image
J 1.47v (National Institute of Health, USA) show the colour
space of teeth number 11 (Figure 5) and of teeth number
21 (Figure 6) within a 3D-representation. It may be observed
that tooth numbers 11 and 21 indeed do not occupy the
same colour space in the CIE L*a*b* colour system.

Discussion
Colour matching of natural maxillary central incisors is one
of the most difficult challenges in clinical dentistry.1 A colourmeasuring device that produces constant values under any
given condition may thus be the ideal means to achieve repeatable and consistent measurements.7 The advantage of
the spectrophotometer is that it is not affected by ambient
light, and the amount of light reflected from objects is measured over a full spectral wavelength1 whereas the colorimeter measures light only in the red/green/blue (RGB) scale.
The spectrophotometer provides consistent shade measurement regardless of light conditions or operator variability17. Hence, in order to avoid errors arising from subjectivity
and the inaccuracies of shade-matching guides, the spectrophotometer (Konica, Minolta) set in the CIE L*a*b* colour
space was used in this study.
Our findings demonstrated that when comparing the maxillary central incisors (ΔE*ab) in each individual patient, there is
an overall difference in colour in the L*a*b* scale. Significant
differences in colour components between the two central incisors were observed in both the L* and b* scales (p<0.05).
The distribution of the differences in L* values (Figure 2) tends
towards the positive side indicating a wide distribution of the
L* values above the zero line suggesting a higher difference
in the lightness/brightness of both the central incisors. The
a* values (Figure 3) show much closer grouping along the
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Figure 2: Distribution of L* values between the two central incisors.
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Figure 3: Distribution of a* values between the two central incisors.
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Figure 4: Distribution of b* values between the two central incisors.

zero line suggesting not much of a difference between the
two central incisors in the red/green scale. The distribution
of b* values is more on the negative side i.e. tooth number
11 having larger b* values than tooth number 21 (Figure 4).
There is a much wider distribution of the b* values suggesting a wider variation in the yellow/blue scale between the
two central incisors. The larger b* values indicate a more
yellowish scale is seen on tooth number 11 than on tooth
number 21.
The ΔE*ab equation in the L*a*b* scale enables the quantitative comparison of colour differences among teeth. The
clinical significance of ΔE*ab in terms of both “perceptibility”
and “acceptability” have been studied by various researchers.18,19,20 Whilst there is no clear indication at which value a
difference (ΔE*ab) between teeth would be discernible by
the human eye, it has been reported that a ΔE*ab value of 1
or higher could be perceived by the human eye when industrial colours were being observed.21 A study on colour differences of composites showed, however, that ΔE*ab has
to approach 3.3 before the human eye can detect a colour
difference,18 while a difference of only 0.7 ΔE*ab units was
perceptible when observers compared porcelain discs.22
Douglas and Brewer22 reported that 50% of the prosthodontists in their study rejected a shade match for metal-ceramic
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A null hypothesis on which this study could have been
based would state that no significant differences in colour
in the CIE L*a*b* scale exist between the upper two anterior teeth in the same individual. That hypothesis would be
rejected. Thus, inter-arch shade variation exists not only between central incisors and canines10,13,15,28 but as shown in
this study, colour variation may exist between the maxillary
central incisors in the same patient.

Conclusion
Differences within the colour components of maxillary
central incisors exist. Spectrophotometer analysis has
shown in this study that small colour differences (ΔE*ab)
do occur between central incisors in the L*a*b* scale in
the same individual.
2. The colour of central incisors showed significant differences in both the lightness/brightness (differences in
the L* values in 50% of the individuals) and on the blue/
yellow scale (differences in the b* values in 37% of the
individuals).
1.

Figure 5: CIE L*a*b* colour space of tooth number 11.

Clinical significance
During shade matching procedures the colour of both central incisors should be taken into consideration to establish a
base line. This is especially applicable prior to tooth whitening and shade matching in aesthetic restorative procedures
where the random use of either one of the two central incisors is not advocated.
Ethical statement: Ethical clearance was obtained from the Senate
Research Committee, University of the Western Cape.
Acknowledgement: Financial support was received from the South
African Dental Association.
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Figure 6: CIE L*a*b* colour space of tooth number 21.

crowns when the mean colour difference for ΔE*ab was 1.7.
In the current study the mean colour difference (ΔE*ab) between the observed natural teeth was 1.79, a comparatively
low value. At present there is no consensus in the dental
literature as to how much colour difference is considered
acceptable, even as a mismatch, nor how much of a colour difference is perceptible to the observer.16 No significant
colour differences of the maxillary central incisors were reported by Hayward et al.23 and Grobler et al.24,25,26 in their
studies on the effect of various bleaching agents on tooth
colour. This may possibly be as a result of the small sample
size (n≤21) used in their project. Dozic et al.27 have, however,
reported variations in colour within the same tooth.
The precision of the differences in this study using a spectrophotometer will enable comparison with values obtained
when assessing colour spaces on other materials like porcelain discs22, metal-ceramic crowns22 and industrial colours.21
Hence, a follow up study could be designed to determine
whether these differences are detected by the human eye.
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