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ABSTRACT

Introduction The color of the gingiva was thought to be a valuable assist in determining

the color of the missing central incisors. The aim of this study was to investigate the correlation

between CIE L*a*b* color coordinates of central incisor teeth and attached gingiva.

Materials and methods Two hundred patients participated in this study, the color coordinates

L*a*b* of the central incisors and attached gingiva were determined by the clinical spectrophotometer

Shadepilot, Pearson’s correlation and multiple regression were used to assess whether one can

predict the value of the tooth color coordinates based on the values of gingival color.

Results The results of current work showed significant correlation of the teeth color to gingival

color, except for the maxillary central incisor a*,

predict the color of missing central incisor teeth.

and showed that gingival color can be used to

Conclusion Within the limitation of this study, it was concluded that a significant correlation
existed between central incisors and gingival color.

KEYWORDS: Attached gingiva color, CIELAB color system, Spectrophotometer, Tooth color.

INTRODUCTION

Relatively good amount of data exists regarding
the relationship of skin and teeth color, and the effect
of gender and age on it.""'° Some studies suggested a
significant negative relationship between skin color
and tooth shade, where people with light color skin
would have teeth with dark shades and people with
dark skin would have whiter teeth, also, women
were found to have lighter teeth color than men.'7#
Other studies suggested a significant relationship

of skin and tooth color as related to age, where

teeth and skin darken as they get more yellow and
red components. > On the contrary, studies tried
to investigate the skin to tooth color relationship,
as a reference for selecting teeth for partially or
completely edentulous patients, suggested that the
dentist should not consider the patient gender or

complexion as fixed rules. 621

Remaining teeth, attached gingiva, and eye
colors present additional references for missing
teeth color. "' Adjacent and opposing teeth were
found to have a significant color relationship. '

* Associate Professor, Department of Prosthodontics, Faculty of Dentistry, Alexandria University, Egypt.
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Gingival color, was related to skin color, with
more pigmentation associated with darker skin,
in men more than women, and with the pigments
being located in the attached gingiva, more in the
interdental papillae rather than the free gingival
margin. '> 317 The eye color was found not to be
related to teeth color, ' however, this was claimed
only in relation to the lateral incisors and canines.
18 Obviously these findings represent a challenge to
prosthodontists when trying to harmonize the color
of teeth in the prostheses provided to the patients,
and require adequate training and understanding of
the principles of the visual and digital tooth shade

determination. '+ 6.1

Several color space systems are available to
describe color, with the Munsell and CIE systems
being the most widely used, the Munsell system
describes color in three dimension using three
coordinates, the hue, value, and chroma, on the other
hand, the CIE system uses three coordinates, L* a*
b*, to describe color where L* is the lightness axis
from black to white, a* is the red-green axis, b* is
the yellow-blue axis, and AE is the color difference
value that represents the color perception; only AE
values between 1 and 2 are considered clinically
acceptable, whereas values above or less than these
would implicate a high degree of intra- and inter-
examiner variability, and render the use of digital
shade matching devices more useful to minimize
the subjectivity of color assessment. 2%

Gingival color was found to be related to gender,
age, and skin color of different ethnic origins,
however, very little data exists regarding the
color relation between the gingiva and the teeth.
3033 Different gingival colors and pigmentations,
and inadequacy of available gingival visual shade
guides further complicate the situation and hinder
the clinician from further investigations into pink
esthetics. Compared to visual color assessment, the
digital color evaluation using spectrophotometers
can provide numerical values of the 3 dimensions
of the color, and help the clinicians to have specific
references of color coordinates, and since the
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CIELAB system provides objective measurements
of color of dental structures, and allows the color
differences to be expressed in units, ** this study
aimed at finding the correlation between the color
of the maxillary and mandibular central incisors to
the color of the maxillary attached gingiva, and used
multiple regression analysis in a trial to find out
how much of the color coordinates of these incisors
can be predicted using the color coordinates of the
maxillary attached gingiva.

MATERIALS AND METHODS

Two hundred patients and students (100 males
and 100 females, 20-30 years old) at the college
of dentistry of Qassim university in the kingdom
of Saudi Arabia were recruited via convenience
sampling. The following patients were excluded
from the study: individuals with discolored,
bleached or restored anterior teeth, individuals
with inflamed attached gingiva, or had gingival
depigmentation, and smokers. Written informed
consents were obtained from every participant. The
study was conducted in full accordance with the

World Medical Association Declaration of Helsinki.

The study was conducted at the screening clinic
of Qassim University’s dental clinics, and the same
ambient conditions were maintained throughout the
duration of the study (i.e., fluorescent ceiling light
as the ambient lighting and a location away from
windows).

The color attributes in CIE L*a*b* color space
were measured for the middle third of the right
or left maxillary and mandibular central incisors,
and for the maxillary attached gingiva, at a point
2 mm apical to the zenith of cervical line of the
maxillary central incisors, using an intraoral
spectrophotometer (Shadepilot; DeguDent GmbH,
Hanau, Germany). The device was operated
according to the manufacturer’s instructions and
always calibrated for each individual before any
measurements are obtained. The participants’ teeth

were polished to remove any extrinsic stains prior
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to starting the experimental procedures. All of the
measurements were made by the same examiner.
The CIE L*a*b* measurements were made twice
for each location (tooth, gingiva) and the average
of each of the color attributes L*, a* and b* were
tabulated for the statistical analysis.

To measure the strength of the linear relation
between the CIE L*a*b* color coordinates of
teeth and gingiva, Pearson’s correlation was used.
Multiple regression was used to assess whether one
can predict the value of the tooth color coordinates

based on the values of gingival color. All of analyses
were performed using SPSS software (SPSS 22 for
Windows; IBM Corporation, Armonk, NY, USA).
The level of significance was set at p < 0.05.

Fig. (1) The use of the Shadepilot to measure the color
coordinates of the teeth and attached gingiva.

RESULTS

Figures 2-7 show the distribution of the color
coordinates studied, and table 1 shows the mean CIE
L*a*b* values for the maxillary and mandibular
central incisors, and the attached gingiva in male

and female patients.

The L* mean value for the male maxillary central
incisor 88.16 (5.96) was higher than that of the
mandibular central incisor 85.49(7.10), however,
its a* 3.01 (3.44) and b* 12.54 (6.30) means were
less than those of the lower incisor being 4.89 (3.64)
and 13.21 (7.71) respectively. The male attached
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gingiva L* mean value 63.74 (9.35) was less than
those of the incisors, however, its means of a* 29.73
(6.31) and b* 11.25 (7.13) were higher compared to
those of the incisors.

Similarly, the L* mean value for the female
maxillary central incisor 87.15 (4.27) was higher
than that of the mandibular central incisor 81.75
(5.23), however, their a* -0.68 (2.10) and b* 2.50
(4.03) means were less than those of the lower
incisor 1.16 (2.28) and 2.98 (3.67) respectively.
The female attached gingiva L* mean value 61.72
(8.72) was less than those of the incisors, however,
its means of a* 22.79 (6.16) and b* 6.69 (4.80) were
higher compared to those of the incisors. The one-
way ANOVA analysis showed that these differences
among the means of the color coordinates were
statistically significant as seen in table 2.

The Pearson correlation coefficient (r), as seen
in table 3, among the color coordinates of the male
patients’ maxillary central incisors and attached
gingivarevealed a weak positive correlation between
the L* of the maxillary central incisors and the that
of the attached gingiva (r=0.342, p =0.000) as seen
in figure 2 where the data showed a positive trend
in distribution but not in a close proximity. A strong
positive correlation between the maxillary incisors
and attached gingiva b* (r = 0.655, p = 0.000) was
noted, as seen in figure 4, where the data showed a
positive trend with a close proximity in distribution.
However, there was no statistically significant
relationship between the color determinant a* of the
maxillary incisors and the attached gingiva.

On the other hand, the male patients’ mandibular
central incisors color attributes L*, a*, and b* had
a positive correlation with those of the attached
gingiva as seen in table 3, where the L* coordinate
correlation was moderately positive (r = 0451, p =
0.000) as seen in data distribution in figure 2. The
a* coordinate correlation was a weak positive (r =
0.255,p =0.01) as seen in data distribution in figure
3. And the “b” coordinate showed a strong positive
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correlation (r = 0.619, p = 0.000) as seen in data
distribution in figure 4.

Table 4 showed weak to moderate correlations
among the color coordinates of female patients’
central incisors and attached gingiva. The female
maxillary central incisors L* had a moderate strong
positive correlation with that of the attached gingiva
(r=0.504, p =0.000, fig. 5), the a* coordinate had
a weak positive correlation with that of the attached
gingiva (r = 0.364, p = 0.000, fig. 6), and the b*
coordinate also had a weak positive correlation with
that of the attached gingiva (r=0.236,p=0.016, fig.
7). The female patients’ mandibular central incisors
color attribute L* had a weak positive correlation
with that of the attached gingiva (r = 0.312, p =
0.002, fig. 5), the a* coordinate had a weak negative
correlation with that of the attached gingiva (r =

Mohamed Ahmed Alkhodary

-0.335, p = 0.002, fig. 6), and the b* coordinate
also had a weak positive correlation with that of the
attached gingiva (r = 0.306, p = 0.002, fig. 7).

The multiple regression predicted certain per-
centages of the values of the tooth color coordinates
based on the values of gingival color. For the male
patients’ maxillary central incisors, the coefficient
of determination (r? in table 3) could only predict
11% of total variability found for L*, and 43% of
the b*, and for the male mandibular central inci-
sors, 20% for L*, 5% for the a*, and 38% of the b*.
While for female patients’ predicted values of the
tooth color (1% in table 4) the maxillary central inci-
sors had 25% for L*, 13% for the a*, and 5% for the
b*, on the other hand, the predicted values for the
female patients’ mandibular central incisors color
were 9% for L*, 11% for the a*, and 9% for the b*.
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Fig. (2) Distribution of color coordinate L* in male patients.
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Fig. (3) Distribution of color coordinate a* in male patients.
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Fig. (6) Distribution of color coordinate a* in female patients.



(1762) E.D.J. Vol. 66, No. 3 Mohamed Ahmed Alkhodary

" I ,\u/\‘ /\A
TV B W Y )
W

T

° P P \'{

- \

——Maxillary central incisor b —Attached gingiva b —Mandibular central incisor b

Fig. (7) Distribution of color coordinate b* in female patients.

TABLE (1) The mean values of the color coordinates L*, a*, and b* for the maxillary central incisors,
mandibular central incisors, and maxillary attached gingiva.

Standard . .
N Mean o Minimum Maximum
Deviation

L 100 88.16 5.967 67 96

a 100 301 3448 -4 11
Male maxillary central incisor

b 100 12.54 6.306 2 36

Total 300 3457 38.533 -4 96

L 100 8549 7.102 59 94

a 100 4.89 3.648 -1 17
Male mandibular central incisor

b 100 1321 7.715 1 31

Total 300 3453 36.813 -1 94

L 100 63.74 9.355 39 91

a 100 29.73 6.318 17 44
Male attached gingiva

b 100 11.25 7.130 -5 29

Total 300 3491 23.091 -5 91

L 100 87.15 4279 77 96

a 100 -.68 2.103 -4 5
Female maxillary central incisor

b 100 2.50 4031 -4 15

Total 300 29.66 40.901 -4 96

L 100 81.75 5.239 69 91

a 100 1.16 2.282 2 8
Female mandibular central incisor

b 100 2.98 3.676 -3 11

Total 300 28.63 37.834 -3 91

L 100 61.72 8.726 40 81

o a 100 22.79 6.167 3 40

Female attached gingiva

b 100 6.69 4.805 -7 15

Total 300 3040 24.102 -7 81
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TABLE (2) Statistical analysis by ANOVA
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Sum of Degree of o
Mean Square F Significance
Squares freedom
Between Groups 435324.260 2 217662.130 7482.768 000
Male maxillary —
o Within Groups 8639.270 297 29.088
central incisor
Total 443963.530 299
Between Groups 392999.360 2 196499.680 4782319 000
Male mandibular .
o Within Groups 12203.370 297 41.089
central incisor
Total 405202.730 299
Between Groups 141779.687 2 70889.843 1193.033 000
Male attached gingiva | Within Groups 17647.700 297 59.420
Total 159427.387 299
Between Groups 496328.127 2 248164.063 19096.913 000
Female maxillary —
o Within Groups 3859.510 297 12.995
central incisor
Total 500187.637 299
Between Groups 423425.780 2 211712.890 13758.570 000
Female mandibular —
o Within Groups 4570.150 297 15.388
central incisor
Total 427995.930 299
Between Groups 160101.860 2 80050.930 1749.697 000
Female attached —
o Within Groups 13588.140 297 45751
gingiva
Total 173690.000 299

TABLE (3) Pearson correlation coefficient (r), and the coefficient of determination (r*) among the color
coordinates of male patients’ central incisors and attached gingiva.

Male Male Male Male Male Male
maxillary maxillary maxillary mandibular mandibular | mandibular
central central central central central central
incisors L incisors a incisors b incisors L incisors a incisors b
r 0.342™ 0.451™
Male attached
o r? 0.11 0.20
gingiva L
p-value 0.000 0.000
r 0.124 0.255"
Male attached
o r? 0.01 0.05
gingiva a
p-value 0.219 0.010
r 0.655" 0.619"
Male attached
o r? 043 0.38
gingiva b
p-value 0.000 000

*#* Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).
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TABLE (4) Pearson correlation coefficient (r), and the coefficient of determination (r?) among the color

coordinates of female patients’ central incisors and attached gingiva.

Female Female Female Female Female Female
maxillary maxillary maxillary mandibular mandibular mandibular
central central central central central central
incisors L incisors a incisors b incisors L incisors a incisors b
Female r 0.504™ 0.312"
attached 2 0.25 0.09
gingival o vajue 0.000 0.002
Female r 0.364™ -0.335™
attached r? 0.13 0.11
gingiva a p-value 0.000 0.001
Female r 0.236™ 0.306™
attached r’ 0.05 0.09
gingiva b p-value 0.018 0.002

*% Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

DISCUSSION

Determination of missing anterior teeth shade is
usually a subjective process that seeks references
from surrounding structures such as skin of the
malar region, fore head and ear lope. According
to Haralur et al !, Sharma et al 2, Jahangiri et
al 3, and Oluwole et al * facial skin color was found
to have a significant relation with teeth color as
related to gender and age. Skin color was proven
to be used as a guide to select shades of missing
anterior teeth that would be in harmony with the
patient complexion. 3681013161819 However, little
data exists regarding the relationship between teeth
and gingival color. Gingival color was found by
Ghani et al 7, Schnitzer at al ?°, Eckhard et al *, and
Ho et al ¥ to be significantly related to skin color
with no correlation to gender, and since skin color is
significantly related to teeth color, the current work
investigated the relationship between the gingival
and teeth color in order to add the gingival color to
the potential references of missing teeth color.

21-28 the

spectrophotometer used in the present study was

As proven by several studies,

found to be consistent and more objective than the

visual shade guides and helped eliminate the effect
of different light sources and inter examiner bias.

In this research, the middle thirds of the labial
surface of the central incisors were selected as
references for these teeth colors, as they were
proven by Lee et all ', and Tuncdemir et al '* to
guarantee the reproducibility of spectrophotometric
color measurements, being away from the
translucency of the incisal edges and darkness of
the cervical regions, and being flat, compared to the
surface of the canines, it ensures close contact of
the spectrophotometer and prevents the edge loss
effect, however, this might not be a problem in the
Shadepilot spectrophotometer used in this study
due to its wide view acquisition. Higher a* value
of the canines as compared to both upper and lower
central incisors was one more reason for selecting

the central incisors.'?

The registration of gingival color was done
2 mm apical to the zenith of the cervical margin
of the maxillary central incisors. Patients with
hyperpigmentation were excluded from this
study, however, in dark skinned patients, relative

hyperpigmentation was most frequently found in
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the interdental papilla away from the area selected
for measuring the gingival color. The maxillary
attached gingiva was preferred over the mandibular
attached gingiva due to the smaller area of the
mandibular gingiva compared to the maxillary, and
due to its relatively thinner biotype which may lead
to lighter color detected. *-*

To avoid the effect of age, patients selected in
this study were between 20 and 30 years old, as it is
generally stated that at the late 30s skin, teeth, and
gingivae begin to obtain more yellow component.
Gender is another influencing factor, where women
tend to have lighter teeth, and so the study included
both sexes on separate basis. *>-3

Ho et al *' found significant differences when
comparing gingival color of different races, a
finding that further complicated and reduced the
clinical usefulness of available gingival shade
guide as concluded by Ak and Kaki. 3 Gingival
pigmentation represented an additional challenge
to gingival color esthetics, Shahna et al ** advised
chemical and surgical treatments to depigment the
gingivae in case they affect esthetics negatively.

The CIELAB system used to describe color in
this study enabled the determination of the degree of
white to black value of color as represented by the
lightness L*, the degree of greenness to redness as
a* went from negative to positive, and the degree of
blueness to yellowness when b* went from negative
to positive. **3 However, the color difference A E
was not considered in this study as its aim was to
correlate the color coordinates and not to compare
the color differences between the teeth and gingivae
in the studied groups.

It seemed interesting to compare the relationship
between the teeth and gingival color to the teeth and
skin color in Saudi populations in the two studies
conducted by Haralur et al !, and Haralur. > In his
first study, Haralur et al ! examined the teeth to skin
relationships in a group of 75 Saudi participant,
aging 20 to 50 years old, compared to other ethnic
groups, He used spectrophotometer to determine
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teeth color, and photography to determine the color
of the skin of the malar region, forehead, and ear
lope, the only significant relationships found were
those between the ear lope and teeth L* and a*,
where the Pearson coefficient factor values were
0.275 and -0.240 respectively, meaning that their
coefficient of determination values would be 0.07
and 0.05 respectively, and accordingly, this multiple
regression could only predict 7% of the teeth
lightness L*, and 5% of the teeth redness. In his
second study, Haralur ° used the same methodology
only on Saudi populations, divided into 3 groups 75
participants each, considering the first group which
had similar age to the participant in this study, the
only teeth to skin significant color relationships
were those between the ear lope L*, and the fore
head L*, where their values were 0.218 and 0.216
respectively, and so their coefficient of determination
values would be 0.04 for each, meaning that they
could only predict 4% of the teeth lightness value.

On the other hand, the results of current work
showed that for gingival color relationship to
the male patients’ maxillary central incisors, the
coefficient of determination could predict 11% of
the teeth lightness L*, and 43% of the yellowness
b*, and for the gingival color relationship to the
male mandibular central incisors, the coefficient
of determination could predict 20% of the teeth
lightness L*, 5% of the teeth redness a*, and 38% of
the teeth yellowness b*. While for female patients’,
the gingival color to teeth relationship, the predicted
color values of the maxillary central incisors were
25% for L*, 13% for the a*, and 5% for the b*,
and the predicted values for the female patients’
mandibular central incisors color were 9% for L*,
11% for the a*, and 9% for the b*.

Accordingly, this
gingival color was more significantly related to
teeth color than the facial skin, and could predict

comparison showed that

more percentages of teeth color attributes values.
Although this might not be a valid comparison, due
to the difference of tissues examined and methods
used, Gotfredsen et al 2 stated that the digital
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photography scanning, and subsequent analysis
using computer software, were effective and
comparable to the colorimetric systems used for
tooth color determination.

Finally, some limitations of this study are worth
mentioning, since they could affect the results
and invite more future research. For example, the
teeth color considered was only that of the central
incisors, where on the other hand, gingival color
can be further studied in relation to teeth with more
red and yellow components such as the canines and
premolars. Also, the number of participants could
have been higher, even for the one province studied,
and the age group studied could have been increased
to involve older participants to study the effect of
aging on the relationship between the colors of the
central incisors and gingiva.

CONCLUSION

Within the limitations of the study, it was
concluded that the significant correlation found
between central incisors and gingival color sets the
gingival color, in addition to the skin, as reliable
guide to the selection of the shades of artificial teeth
color in the absence of natural teeth.
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