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Objectives: To analyse natural tooth colour in the Spanish population according to the colour coordinates lightness (L*),
chroma (C*), hue (h*), red—green axis (a*) and yellow—blue axis (b*) in order to quantify the correlation and changes of
tooth colour with age and sex. Methods: Natural tooth colour was measured in a sample of 1,361 Spanish participants
of both sexes distributed within an age range of 16 to 89 years. The Easyshade Compact spectrophotometer was used
and the CIELAB and CIELCh systems were followed. Results: Pearson’s bivariate correlations between age and colour
coordinates were highly significant for L* (r = —0.674, P < 0.001), h* (r = —0.468, P < 0.001) and C* (r = 0.417,
P <0.001). The correlation between age and colour coordinates was stronger for men than for women, for all colour
coordinates. The results showed that C*, b* and a* increased by 0.60, 0.56 and 0.26 units/year on average, respectively,
whereas L* and h* decreased progressively with age (by 0.60 units/year, on average), and colour differences increased in
a systematic way as the gap between the ages being compared grew wider. Conclusions: The strongest correlation was
found between age and L*, then between age and h* (both inverse relationships) and then between age and a*, C* and
b* (direct relationships). In addition, a similar degree of change in the colour coordinates L*, C* and h* (of 0.60 units/
year on average) was observed for natural tooth colour. Knowledge of the chromatic range of natural teeth may help to

choose colour for the replacement of missing elements.
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INTRODUCTION

Colour is one of the most important parameters when
it comes to a patient’s assessment of the quality of
dental restorations. In addition to the morphofunc-
tional restoration of teeth, demands for dental treat-
ment that can restore, or even improve, natural
appearance increase on a daily basis'. Colour percep-
tion is a phenomenon that can be described as a phys-
ical concept susceptible to measurement and study,
and it depends on several factors that will be exam-
ined below. This phenomenon should be analysed as
an interrelated entity in which changes in the compo-
nents responsible for colour result in altered colour
perception’>.

It has been reported that 23% of British adults are
not satisfied with the natural colour of their teeth®;
this percentage increases to 34%° in the USA, 52.6%
in China® and 65.9% in Saudi Arabia’. Tooth colour
is considered to affect appearance through its influ-
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ence on the perception of personal features by others,
and hence could add another dimension to the con-
cept of the perfect smile®. Generally speaking, the col-
our change of natural teeth is an important factor
that influences an individual’s perception of appear-
ance. There may be a negative effect for some individ-
uals whose teeth become darker and yellower with
time®. Teeth consist of three types of tissue — enamel,
dentine and pulp — and their natural colour depends
on their thickness, composition and structure, which
are ultimately responsible for a tooth’s complexity in
terms of optical appearance. All three parameters
evolve with time, affecting the tooth colour of an indi-
vidual. Each of these tissues has different optical
properties’. Moreover, in this research, other variables
that have not been studied, such as eating habits,
tobacco smoking or the ingestion of different types of
drugs, which could also modify natural tooth colour.
Currently, there are many methods for measuring
tooth colour, ranging from subjective visual comparison
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with acrylic or porcelain colour guides, to objective
shade measurement using spectrophotometers. Spectro-
photometers are used to measure wavelengths and
have been employed for measurement of the visible
spectrum in extracted and vital teeth’ '3, Nevertheless,
in 2002, Tung et al."* reported that the widespread use
of spectrophotometers in dentistry has been hampered
by their complexity, high price and, above all, the
difficulty in using them to measure tooth colour
in vivo. An object’s colour depends on three factors:
the spectral composition of the light source; the physi-
cal properties of the object being observed; and the
sensory properties of the observer’s visual system.

In 1976, the Standard Commission Internationale
de PEclairage (CIE) defined colour space through the
ordinate coordinates on the three space axes: L*, a
colour’s value (lightness), is determined by the amount
of grey it contains, which is equivalent to lightness/
darkness and ranges from perfect white (L* = 100) to
complete black (L* = 0); a*, red—green measurement
axis (a positive a* indicates the amount of red and a
negative a* indicates the amount of green); and b*,
yellow—blue measurement axis (a positive b* indicates
the amount of yellow and a negative b* indicates the
amount of blue). The CIE 1976 L* a* b* system iden-
tifies the components of the cylindrical coordinates
CIE L*, C* and h*: lightness, chroma and hue, respec-
tively’>. The L* parameter does not change because it
corresponds to the vertical axis. The transformation
of a* and b* into chroma (C*) and hue (h*) is
obtained through mathematical formulae. h* is the
first colour dimension and it is associated with a col-
our’s dominant wavelength. Hue is the quality by
which colour families can be distinguished from one
another. When the value of the h* coordinate is 90° it
corresponds to yellow, when h is 0° it corresponds to
red, when h* is 270° it corresponds to blue and when
h* is 180° it corresponds to green. Chroma is the
measurement of colour and the amount of saturation
in a colour’s hue. The CIELCh colour scale is a colour
standard developed by CIELAB. CIE L*, C*, h* is a
polar representation of the CIE L*, a*, b* rectangular
coordinate system. It describes colour in the same
way in which colour is communicated verbally in
terms of L*, C* and h*. The L*C*h* expression offers
an advantage over CIELAB in that it is very easy to
relate to earlier systems based on colour dimensions.
In this way, the L*, C* and h* coordinates are more
intuitive and correspond to the three colour dimen-
sions lightness, chroma and hue, respectively.

It has been reported that the colour of natural teeth
becomes darker over time®”'1®  but the degree of
correlation and change with the colour coordinates
(L*, C*, h*, a* and b*) has not yet been assessed. The
null hypothesis tested proposes that lightness, hue and
chroma are not modified by gender or age. The

228

purpose of this study was to analyse tooth colour in
the Spanish population according to the L*, C* and
h* colour coordinates, to quantify its change accord-
ing to age and gender.

MATERIALS AND METHODS

The study was based on the measurement of 1,361
maxillary central incisors from a sample of White
Spanish people: 671 men and 690 women, 16—
89 years of age, distributed homogeneously according
to gender and age (described in more detail below).
One clinician (a 30-year-old woman with 8 year’s
experience) was responsible for making the measure-
ments, always using the same Easyshade Compact
spectrophotometer. This clinician was instructed in the
theory and practice of use of the Easyshade compact
over a 2-day period. The sample was divided, accord-
ing to age, into eight groups: 16-19 years;
20-29 years; 30-39 years; 40—49 years; 50-59 years;
60-69 years; 70-79 years; and 80-89 years. The clini-
cian collected data from different geographical loca-
tions in Spain and indeed a large part of the Spanish
territory was covered: Cdceres; Salamanca; Oviedo;
Vigo; Toledo; Badajoz; Valladolid; Burgos; Leén; So-
ria; Zamora; Palencia; Ciudad Real; Avila; Madrid;
and Zaragoza. All participants were evaluated at the
Department of Prosthodontics, School of Odontology,
Complutense University of Madrid, Spain.

All natural maxillary central incisors were healthy,
with no history of restoration or bleaching, and were
cleaned before tooth colour was measured by spectro-
photometry. Additionally, the colour of the surround-
ings was neutralised with a grey cloth. All colour
recordings were carried out under D65 daylight fluo-
rescent tubes with a light intensity of 1,500 lux. A
standardised protocol for colour evaluation was
adopted for all patients, and all recordings were per-
formed in the same room under standardised lighting
conditions. The spectrophotometer used was a Vita
Easyshade Compact (Vita-Zahnfabrik, Bad Sackingen,
Germany), which had previously been subjected to a
reliability test to check its temporal stability and inte-
rexaminer reliability. This involved five operators
recording measurements for three maxillary incisors
(with extreme colours) three times using the Easy-
shade compact. These recordings were repeated five
different times and the data were studied statistically.
The results were homogeneous and hence the spectro-
photometer used can be considered to be reliable.

Before the recordings were made, a hygienic protec-
tor was placed on the probe tip and the lamp was
calibrated according to the indications of the
manufacturer. Then, after calibration of the probe tip,
it was placed in contact with and perpendicular to, the
middle third of the facial surface of the tooth and the
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first result that coincided twice was recorded,
following the manufacturer’s instruction. All incisors
were recorded in the ‘Single Tooth’ mode. For instru-
mental colour measurement, the middle third of the
tooth appeared to provide the optimal representation
of tooth colour!”. The first shade that matched twice
was recorded according to the CIELAB/CIELCh space
coordinates L*, C*, h* a* and b*. The results were
obtained exclusively with a spectrophotometer, which
guaranteed their objectivity. The Research Ethics Com-
mittee of the San Carlos Clinic (Madrid) gave a posi-
tive evaluation of the protocol used in this study; that
is, it met the standards of good clinical practice. The
present research was conducted in full accordance with
the World Medical Association Declaration of Helsinki
and was independently reviewed and approved by the
Research Ethics Committee of the San Carlos Clinic
(Madrid). All participants were asked to read and sign
an informed consent form for participation in the pres-
ent study. In this, a quiet, private place was found to
explain the consent process to all the patients and/or
their parents (if the patient was under 18 years of age);
relevant information was provided in simple language,
understanding was checked, the patient was encour-
aged to ask questions, and their written signature, or
that of their parents (for participants under 18 years of
age), was obtained. The program used for statistical
analysis of the results and for creating graphs was SAS
9.1.3 (SPSS Inc., Chicago, IL, USA).

RESULTS

To check how lightness or value, hue and chroma
become altered with age in both genders, the sample
was divided into the eight different age groups
described in Materials and Methods. The chi-square
test for homogeneity, with P > 0.05, revealed that
there were no statistically significant differences
among groups regarding age and gender (x> = 4,550;
7df; n = 1,361; P = 0.715) (Table 1).

The strongest correlation between age and colour
coordinates was found for the L* variable, with a neg-
ative correlation of —0.674; the second strongest

Table 1 Distribution of study sample according to
age and sex

Age group(years) Men(n) ‘Women(n)
16-19 70 76
20-29 136 141
30-39 55 59
40-49 102 109
50-59 80 81
60-69 148 128
70-79 64 70
80-89 16 26
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correlation was for h*, with a negative correlation of
—0.468. It was observed that all correlations between
age and the colour coordinates, in both men and
women, were significant (P < 0.001). It was also
observed that the correlations were slightly stronger
in men than in women (Table 2). Direct correlations
(i.e. when age increases the variables also increase)
were found for C*, a* and b*.

The minimum and maximum values were 47.0 and
91.3 for L*, 5.9 and 49.8 for C* and 67.5° and
112.0° for h*. For a*, the minimum was —3.0 units
and the maximum was 16.1 units; and for b*, the
minimum was 6.0 units and the maximum was 47.3
units. The interval of L* (L*max-L*min) was 44.3
units; that of C* (C*max—C*min) was 43.9 units; and
that of h* (h*max—h* min) was 44.5 units'®.

The age range studied, of 16-89 years, spans
73 years (89-16 = 73). The change of tooth colour
during this period was homogeneous and progressive:
on average, L* and h* decreased by 0.60 units/year
and C* increased by 0.60 units/year. In other words,
the three colour coordinates h*, L* and C* varied by
approximately 0.60 units/year. Following the same
reasoning, a* and b* increased, on average, by 0.26
units and 0.56 units/year, respectively.

Table 3 shows the average values of the coordinates
studied in men and women. The average values of L*
and h* were higher in women than in men, (by 2.53
and 1.97 units, respectively). By contrast, the average
values of C*, a* and b* were higher in men than in
women (by 3.16 units, 0.91 units and 3.11 units,
respectively). From the average values of the coordi-
nates it can be calculated that men had a less lumi-
nous natural tooth colour, with a larger amount of
red and yellow and with a higher degree of intensity.

Table 2 Pearson’s correlation (r) between age (in
the total study sample and in male and female
subsamples) and colour coordinates

Colour coordinate Gender 7

L* Total sample —0.674**
Men —0.699**
Women —0.672**

C* Total sample 0.417**
Men 0.491**
‘Women 0.365%*

h* Total sample —0.468**
Men —0.505**
‘Women —0.451**

a* Total sample 0.460**
Men 0.500%**
‘Women 0.472%*

b* Total sample 0.417**
Men 0.490**
‘Women 0.365%*

*#*P-value < 0.001. Highly significant correlation.a*, measurement
along the red-green axis; b*, measurement along the yellow-blue
axis; C*, chroma; h*, hue; L*, lightness.
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Table 3 Average values of the color coordinates light-
ness (L*), chroma (C*), hue (h*) and measurements
along the red-green axis (a*) and yellow—blue axis
(b*) in men and women

Gender 7 Age (years) Colour coordinates

L* Cc* h* a* b*

Men 671 16-89 7498 21.53 89.90 0.59 21.42
Women 690 16-89 77.51 1837 91.87 -0.32 18.31

Figures 1-3 represent the different colour dimen-
sions with a confidence interval of 95%. The polar
coordinates (L*, C* and h*) were chosen owing to
their greater correspondence to the three colour
dimensions.

Changes in L*, with age, are shown in Figure 1. A
progressive decrease of L*, with increasing age, was
observed for both men and women, from 85 L* units
in the age group < 19 years to 60 L* units for men
and 68 L* units for women in the age group
80-89 years. It was further observed that L* was
slightly higher in women than in men in all age
groups analysed, except for individuals under 19 years
of age, in whom almost no differences were seen.

The findings for C* are shown in Figure 2. The
95% confidence interval of C* for both men and
women was small in the <19 years and 20-29 years
age groups, after which a progressive increase of C*
with age was observed. In all age groups, C* was
slightly higher in men. For the 40-49 years age group,
the 95% confidence interval of C* was approximately
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Figure 1. Change in the lightness (L*) coordinate with age. 95% CI,
95% confidence interval.
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Figure 2. Change in the chroma (C*) coordinate with age. 95% CI,
95% confidence interval.
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Figure 3. Change in the hue (h*) coordinate with age. 95% CI, 95%
confidence interval.

18-22 for men and 17-19 for women. Of note, for
men in the 80-89 vyears age group, the 95%
confidence interval of C* was broad, ranging from 24
to 34.

Finally, h* (Figure 3), was found to increase up to
the age of 30, and thereafter decreased progressively
with age in a uniform manner in men and women.
Similarly to L*, h* values were slightly higher in
women than in men. Moreover, similarly to L* and
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C*, a large 95% confidence interval was observed for
h* in subjects 80-89 years of age, especially in men.

DISCUSSION

The limitations of this study may derive from the
spectrophotometer used, as well as from the popula-
tions selected. The present work was transversal and
descriptive, and the size of the sample was sufficient,
even though not all groups were of the same size
owing to the population sampling system employed.
The size of the present sample matched the minimum
n required to achieve the statistical conditions neces-
sary to represent the Spanish population (confidence
level 95.5%; accuracy 3% and P = q = 0.50). The
deficiency is not found in the number of individuals
included in the study, but in the actual composition
of the sample, which does not represent the whole of
the Spanish territory. Even though the sample does
not represent the whole Spanish geographical area,
the results obtained suggest that the approach used is
sound.

Many publications on natural teeth colour have
used a sample similar in size, or even smaller, than
that of the present study, to draw conclusions for dif-
ferent populations: South-East Asia (7 = 162)'°, Buf-
falo (n=501)*% Japan (n=87)°; other studies
related to natural tooth colour (1 =195)*,
(n = 195)?%; and Spain (nz = 600) 3.

No clear limits for the coordinates of natural
dentition have been established. Most authors have
studied the natural dentition through the L*, a* and
b* coordinates®”'*2%22¢ Others, such as Schmitter
et al?’, used the L*, C* h* system. The CIELCh
model uses the basic CIELAB information, but pre-
sents the graphical information with a focus on
chroma and hue, which may be easier to understand
visually than the CIELAB system”®. This is why
polar coordinates (L*, C* and h*) were used in the
present study (Figures 1-3). For men in the 80—
89 years age group, a very broad 95% confidence
interval was observed for L*, C* and h* (Figures 1-
3), perhaps because the sample sizes were relatively
small.

Previous studies are not homogeneous regarding the
age of the participants or the electronic device used
for data collection. Yuan et al.*® used the Easyshade
(Vita-Zahnfabrik) spectrophotometer and a minimum
age of 18 years for participants. Cocking et al.** and
Eiffler et al.”' also used the same spectrophotometer
and the age ranges studied were 54-56 years and
73-75 years, respectively. Hasegawa et al.’ used a
spectroradiometric measurements and the subjects of
this study were 13-84 years of age. Rubifio et al.*
used a colorimeter and participants were 15-50 years
of age. Zhu et al.’® used a system of fiberoptic
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spectrophotometry and the age range of participants
was 20-73 years.

In the results of the present study (minimum L* =
47.0 units; maximum L* = 91.3 units) broadened the
range of the L* variable in comparison with that of
other work. For example, Yuan et al.*® recorded a
minimum L* value of 58.7 units and a maximum L*
value of 88.7 units. This difference might be because
the age of 58% of the sample was 21-30 years. Cock-
ing et al.*?* published a minimum L* value of 52.0
units and a maximum L* value of 90.0 units, whereas
Zhu et al.’® recorded a minimum L* value of 42.3
units (i.e. lower than that of the present study) and a
maximum L* value of 67.4 units.

In the present study, the minimum value of a* was
—3.0 and the maximum was 16.1. Cocking et al.**
described minimum and maximum values of a* units
of —4.1 and 13.3, respectively. Zhu et al.'® found val-
ues of a* to range from —4.7 to 1.3, and Yuan
et al.*® reported values of a* to range from —3.6 to
7.0. The b* coordinate was analysed in a similar way:
the minimum value found in the present work was
6.0 units and the maximum was 47.3 units. For other
authors, the values reported varied from 3.7 to 37.3
units?®, from 10 to 41.7 units** and from 1.8 to 20.2
units*®>. Comparing the results of the C* and h* coor-
dinates was more complex. The results of this work,
in many cases, broaden the variability of colour coor-
dinates, perhaps because the age range analysed was
larger.

Noticeable differences were found between studies
in the limits of the L*, a* and b* coordinates in natu-
ral dentition. This may be a result of the lack of
methodological standardisation and differences in the
populations studied. The variability in the colour
coordinates that, according to the manufacturer (Vita-
Zahnfabrik), occurs in natural dentition, is encom-
passed within L* of 65-90 units, C* of 5-30 units
and h* of 70-90°. Our results slightly extend these
parameters for the three colour coordinates. In the
Spanish population, as in the Buffalo population,
the space of natural tooth colour is encompassed the
3D Master manufacturer’s colour space.

One of the few studies based on the Spanish popu-
lation was published by Rubifio e al.?®. Their results
were analysed according to the CIELAB measurement
system and are expressed in terms of L*, a* and b*,
the mean of the results obtained being L* = 67.6, a*=
4.3 and b*=12.1. The study did not take into account
any gender or age distinctions. Thus, the statistical
adjustment of 95% of their results to the colour space
affords an ellipse centred at a*= 4.3 and b*=12.1. As
an additional observation, the authors reported that
the ellipse did not include points a*= 0 and b*=0,
which would correspond to white. They also stated
that, according to the graph, teeth covered the colour
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area that approaches yellow. However, in the present
study the mean values for the three coordinates were
different (Table 3). We consider three plausible expla-
nations for this variation: first, the samples used were
different (Rubino et al.>* worked with 600 partici-
pants of 15-50 years of age); second, in the work of
Rubino et al.>?, tooth colour was measured using a
colorimeter; and, third, in the present study, fluores-
cent lights were used during the measurements.

Another similar work was published by Odioso
et al.’. These authors studied 180 American partici-
pants, ranging from 13 to 64 years of age. Tooth col-
our (L*a*b*) was measured on the maxillary central
incisors using a spectrophotometer. Their mean results
were L*= 69.3, a*= 5.4 and b*= 18.7. The study did
not take into account any gender or age distinctions.
Furthermore, the authors concluded that after adjust-
ing for other explanatory variables (age, gender, cof-
fee/tea consumption and dental care) all significantly
affected yellowing (b*) and lightness (L*)°. These
other variables were not taken into account in this
work, but they may be relevant for future studies.

Following the manufacturer’s indications for data
collection, the spectrophotometer used in the present
study was subjected to a reliability test to guarantee
the validity and accuracy of the measurements. Only
one person was responsible for data collection, to
minimise the inherent variability that arises when data
are collected by several different people. Many
authors who have recently studied different features
related to tooth colour used the Easyshade compact
(Vita-Zahnfabrik) spectrophotometer to record colour
coordinates®® 3!, The position of the probe tip of the
spectrophotometer on the tooth surface is important
when obtaining colour coordinates. As no positioners
were used for participants, it is not possible to guar-
antee that the probe tip will always be repositioned in
exactly the same place.

These devices (spectrophotometers) are designed for
smooth surfaces, essential for reliable measurements
to be obtained. In this sense, their use in dentistry is
hindered by the convex surface of teeth, which com-
plicates the correct placement of the spectrophotome-
ter’s probe tip. The probe tip of the Easyshade
compact spectrophotometer captures approximately
25% of the colour reflected back from the tooth sur-
face measured®’. Therefore, the middle area was the
area most representative of a tooth’s colour, whereas
the translucency of enamel at the incisal site was
affected by background and the cervical site was
affected by pink gingival tissue'”-?1222%32:33 " Accord-
ing to Amaechi et al., the highest L* values can be
found in the middle third of the tooth®*.

The upper central incisor has been frequently used
to assess tooth colour, as representative of the natural
tooth colour of a person”!”2%23-33737 "This is why it
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was used in the present work. Other authors used dif-
ferent teeth, such as Eiffler et al.>! who measured all
maxillary anterior teeth and first bicuspids, as well as
mandibular canines and central incisors. Cocking
et al.** also included upper bicuspids, all upper maxil-
lary front teeth and the canine and central incisors of
the mandible in their work. Generally speaking, max-
illary anterior teeth are slightly yellower than mandib-
ular anterior teeth!” and the maxillary central incisor
has a greater amount of lightness than the upper lat-
eral tooth and the upper canine”!"'”*%, According to
Dozi¢ et al.”® there is a colour relationship between
the maxillary incisors and canines, which is stronger
between the cervical segments than between the mid-
dle and incisal segments.

In the present study, all participants were White
Spanish men and women and hence the results cannot
be extended to other races but they can be compared
with those of other similar studies. Jahangiri et al.'®
studied the relationship between tooth shade and skin
colour in an observational study. No interactions were
found among age, skin colour and tooth shade, or
gender, skin colour and tooth shade; however, age
was associated with tooth shade. Another study
revealed a significant relationship between tooth shade
and skin colour, with a total correlation factor of
51.6% (P < 0.01)*°. Regarding significant differences
between men and women, not all authors are in
agreement. Men have higher C* and less lightness or
L* in tooth colour than women>”*°. In 1987, Good-
king also reported that women’s teeth are less yellow,
lighter and have lower C* shades'”. In the present
study, the degree of correlation between all the colour
and age coordinates was higher in men than in
women and there were differences in the average val-
ues of the colour coordinates (Tables 2 and 3). These
differences in men and women are supported by the
results of this work. Odioso et al.® attempted to quan-
tify this difference between gender and stated that the
average value of L* for upper central incisors was 3.7
units lower in men than in women. In the present
work, the difference in the average value of L*
between men and women was slightly lower in men
(2.53 units). It has also been reported that as age
increases, the b* variable increases faster in men than
in women”. Bearing in mind the results of this work,
the greatest differences in average values between men
and women are found in the C* and b* coordinates,
being 3.16 and 3.11 units higher in men, respectively.
Analysis of the data shown in Figures 1-3 reveals that
the 95% confidence interval changes homogeneously
in men and women with increasing age.

Conversely, the results of other studies showed no
significant differences in tooth colour between men
and women*!*?. Hasegawa et al.® failed to find any
statistically significant differences between genders in
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L*, a* and b*, on a sample of 87 Japanese individu-
als. Moreover, Zhu et al.'® did not find any statisti-
cally significant differences between Chinese men and
women.

There is more agreement among authors that
teeth become darker and yellower as the population
grows older. One of the few studies that failed to find
significant differences in tooth colour between the 50—
59 years and the 70-29 years age-groups was that of
Eiffler in 2010%'. The effect of age on tooth colour
can be attributed to the following factors: the pulp
chamber retracts, leaving secondary dentin in its
place*>3*; and secondary dentine hardens and
becomes less permeable. One hypothesis states that
pigments and amorphous organic and inorganic ions
penetrate the enamel and settle on the amelocemental
junction of the dentin structure*®. Thus, dentinal
chroma becomes more saturated and both tooth value
and enamel thickness decrease. As a result of normal
tooth function, dentinal colour becomes more domi-
nant in tooth colour. With age, the tooth surface
gradually wears, becoming smoother, regardless of
brightness**. All teeth become darker over time,
although this might also be determined genetically™**.

Zhu et al.'”? found that L* and a*, but not b*, were
negatively related to age. In agreement, in 2000 Ha-
segawa and Ikeda®® reported that there is a negative
correlation between age and L*, and a positive rela-
tionship between age and b*. The results of this work
confirm what was stated above: as age increases, there
is significant inverse correlation (P < 0.001) in the L*
and h* coordinates and a significant positive correla-
tion (P < 0.001) in the C*, a* and b* coordinates
(Table 2).

Unfortunately, only limited scientific information is
available concerning the quantification of changes
occurring in each colour coordinate each year and the
relationship between tooth shade, skin and gingival
colour. Odioso et al.’ reported that for each year of
life, the range of yellow increased by 0.10 b* units
and lightness decreased by 0.22 L* units’. According
to the findings of the present work on a Spanish pop-
ulation, and without considering behavioural vari-
ables, some differences in the quantification of colour
change for each year of age can be noted. The L*, C*
and h* variables change, on average, by 0.60 units/
year, and the a* and b* variables change, on average,
by 0.26 units and 0.56 units, respectively. That is, the
change in the b* variable each year is approximately
double that of the a* variable.

In 2008, Gozalo Diaz et al®" formulated the
hypothesis that participants’ age and gender can be
used to estimate the CIELAB value of their maxillary
central incisors. This hypothesis is very useful for
tooth colour determination in completely edentulous
patients. Age and gender were found to be statistically

6,9,11,16
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significant factors in the prediction of the three colour
parameters for the maxillary incisors; the linear
regression model yielded variability rates of 36% for
L*, 16% for a* and 21% for b**’. These results agree
with our own, because the highest correlation was
found in the L* variable (r = —0.674). The significant
correlation between age and all the colour coordinates
is apparent in both men and in women.

Hasegawa et al.” and Schawacher et al.**® under-
scored the importance of having a large database of
the colours of natural teeth ‘n vivo’ regarding age
and gender groups in which the whole colour spec-
trum of natural teeth is included. The authors of the
present work are in complete agreement with this
idea. For this purpose, studies using spectrophotome-
try and a larger sample, carried out in different
countries and with people of different races, are
needed.

This preliminary transversal work aims at exploring
the correlation between the colour coordinates associ-
ated with aging, and offers some working hypotheses
for future work. In order to identify most important
data, it would be advisable to carry out longitudinal
studies and spectral measurements on representative
samples at different temporal moments, as well as to
include behavioural variables associated with partici-
pants.

CONCLUSIONS

Taking into account the limitations of this study, it
can be stated that the strongest correlation is found
between age and the L* variable, then between age
and the h* variable (both inverse relationships) and
then between age and a*, C* and b* (direct relation-
ships). In addition, the colour coordinates (L*, C* and
h*) change in a similar way, on average by 0.60 units/
year, in natural tooth colour.
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