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Abstract

Objective: To describe the color of the healthy attached gingiva adjacent to the max-

illary incisors and to evaluate the effect of age and gender on CIELAB color

coordinates.

Materials and Methods: The study included 216 Caucasian individuals (129 females

and 87 males) divided into three age groups. A SpectroShade Micro spectrophotome-

ter was used to register color coordinates at 2.5 mm apical of the zenith of the upper

central incisors. Descriptive and inferential statistical analysis was performed.

Results: The minimum and maximum coordinates in which the CIELAB natural gingival

space is delimited are: L* minimum 40.4 - L* maximum 61.2; a* minimum 17.0 - a* max-

imum 30.2; b* minimum 9.8 - and b* maximum 21.9. There are statistically significant

differences between males and females for coordinates L*, a* and b* in the attached

gingival area selected. Age had a significant effect on coordinate b* (p = 0.000).

Conclusions: Statistically significant differences were found between the L*, a* and

b* color coordinates of the attached gingiva between men and women, although the

color difference is below the clinical acceptance threshold. The attached gingiva

takes on a bluish color as the patients get older, which means that the b* coordinate

decreases.

Clinical Significance: With a prosthodontic approach, knowledge of the CIELAB natu-

ral attached gingival coordinates based on the patient's age and gender will facilitate

the clinician's work in selecting the appropriate color. The CIELAB system values

found can be used as a gingival shade guide reference.
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1 | INTRODUCTION

Tooth color is the most relevant factor in the esthetic assessment of

the smile,1,2 therefore it has been studied through subjective shade

guides, photography, colorimeters and spectrophotometers.3–6

Achieving a perfect color selection is a fundamental part of White

Esthetics - dental esthetics, and Pink Esthetics – the esthetics of soft

tissue, especially in the case of gingival recession and/or severe
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maxillary resorptions that require a dental and gingival prosthetic

rehabilitation. Despite this, the number of studies focused on gingival

color is considerably smaller.7,8

Traditionally, the study of natural gingival color has been done

through visual comparative methods using the Munsell color system.9

Nowadays, it is necessary to use “in vivo” objective methods, using

color coordinates, to define the natural gingival space color.8,10,11 Gin-

gival color is difficult to measure, due to its morphology and irregular

elasticity.8,10 In addition, gingival color varies according to age,12,13

gender,8 ethnicity,14–16 thickness and degree of the keratinization of

the epithelium,17 periodontal disease,18 and medication8 and even

due to the dark color of metallic abutments and frameworks used in

prosthetic procedures.19

Color coordinates that determine the natural gingival space color

have not yet been defined.8,20–22 In 2004, Schnitzer et al. after a sys-

tematic review, concluded that it was impossible to compare and com-

bine the results from the different studies in a reliable way, due to the

variety of methods used in these studies.22 The subjective selection

of healthy attached gingiva color adjacent to the maxillary incisors in

prosthetic restoration is subject to limitations, namely: the small num-

ber of gingival shade guides,7,12,23–25 and a lack of information about

the process manufacturers follow in the chromatic preparation of

each shade tab.7,12,17 In vivo spectrophotometric analysis is an essen-

tial step in identifying and subsequently reproducing the natural gingi-

val color in dental prosthetic restorations.

Quantification of space color is achieved using the CIELAB Sys-

tem. This system consists of three color coordinates, where L* repre-

sents lightness and the color coordinates a* and b* are the chromatic

axis: a* is the green/red coordinates axis and b* is the blue/yellow

coordinates axis.26

With this system, it is possible to calculate the difference

between two colors in a quantitative way using the Euclidean formula:

ΔE*ab = [(ΔL*)2 + (Δa*)2 + (Δb*)2]½, as used in several other

studies.27–29 Nevertheless, there are other formulas that measure

color differences, such as CIEDE2000 (ΔE00), recommended in 2001

by the International Commission on Illumination (CIE). Currently, this

formula is considered the standard and it is also known to reflect the

differences perceived by the human eye better than the Euclidean for-

mula, even though recent studies concluded that both formulas are

similar.29,30 This color difference allows us identify the thresholds of

perceptibility (the value at which a color difference becomes percepti-

ble to the human eye) and acceptability (at or beyond this value, a

color difference is deemed to be clinically acceptable).31 Sailer et al.

determined that the gingival color difference becomes perceptible at

values of ΔE*ab = 3.1 ± 1.5 units: much lower than the published

thresholds for dental color, but similar to the results found by G�omez-

Polo et al.32–34

It is necessary to broaden our chromatic knowledge concerning

the Pink Esthetic if we are to offer the patient ideal esthetic results,

especially in anterior teeth where there are gingival recessions,35 ver-

tical and horizontal bone defects, bone reabsorption, or misplaced

dental implants.36 The limited chromatic variability of the “coral pink”
offered by manufacturers compromises the ability of ceramic

restorations in gingival prosthesis to mimic the natural gingival color.

The purposes of the present study were: (1) to describe the attached

gingival color in the anterior teeth, using CIELAB color coordinates

through spectrophotometry; (2) to evaluate if there are any significant

differences in the color coordinates of healthy attached gingiva

according to gender in the Caucasian population; and (3) to identify

any differences in healthy attached gingival color between age groups

defined according to gender, using the ΔE*ab and ΔE00 color differ-

ence formulas.

The research hypotheses tested in the present study, concerning

color coordinates for healthy attached gingiva adjacent to the maxil-

lary incisors, were: (1) that there would be statistically significant dif-

ferences in attached gingival color according to gender; and (2) that

there would be statistically significant differences in attached gingival

color between the different age groups.

2 | MATERIALS AND METHODS

2.1 | Study design

This analytical cross-sectional study was approved by Bioethics Com-

mittee of the University of Salamanca (Spain). All of the participants

signed an informed consent form based on the Helsinki Declaration

and were verbally informed about the objectives of the study.

2.2 | Selection of patients

The study included 129 women (59.72%) and 87 men (40.28%): total

sample = 216. The participants were divided into three groups: a first

group of patients aged from 20 to 35 years old (Group 1, n = 72); a

second group aged from 36 to 60 years old (Group 2, n = 72); and a

third group aged from 61 to 90 years old (Group 3, n = 72). As inclu-

sion criteria, all participants were Caucasians from Spain, with no rele-

vant systemic diseases, a dental plaque index equal to or less than

25%, a gingival index of less than 10%,36 no visible melanin pigmenta-

tion in the study area, a vestibular keratinized gingiva band greater

than 2 mm, and no gingival recessions.8 Exclusion criteria were: preg-

nant women,37 smokers,38 visible signs of gingival inflammation, and

patients who were taking any kind of medicine with side effects

related to the soft tissue.

2.3 | Data collection procedure

Gingival color measurements were performed using an MHT Spectro-

Shade™ Micro spectrophotometer. A single examiner (a 28-year-old

woman with 5 years of experience), with prior theoretical and practical

training in use of the spectrophotometer, performed all the measure-

ments. All images were captured in a dental cabinet with ambient lighting

calibrated with a Philips Master TLD 90 Delux 58W/965 ISL fluorescent

light.8,39 Prior to patient measurement, the spectrophotometer
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MHT SpectroShade™ Micro was calibrated following the manufac-

turer's instructions. The patients were seated with their head kept

stable. Air was applied with the air and water equipment syringe at

15 cm distance for 3 s, thereby avoiding soft tissue dehydration in

the study area and leaving the tissue relatively moist.10 The nozzle

of the spectrophotometer was placed in the patient's mouth,

pointing to the reference tooth, with the upper lip retracted and

no pressure over the gingival area.24 The image was captured once

the instrument was centered in the yellow frame and the icon dis-

played on the device screen.

With a periodontal probe, a point was established at 2.5 mm api-

cal of the zenith of the central incisor,10 and at the mucogingival line,

forming a rectangle with the mesial and distal edges of the tooth

(Figure 1). SpectroShade MHT software (MHT Optic Research AG,

Niederhasli, Switzerland) was used to convert the spectral results

obtained by the instrument into the L*, a* and b* values for each mea-

surement. The program offers the mean L*, a* and b*color coordinates

in the selected rectangular area of the attached gingiva. Gingival color

coordinates were recorded in the attached gingiva surrounding one of

the two central left (tooth # 2.1) or right (tooth # 1.1) maxillary

incisors.

Three repeated measurements were performed on this same loca-

tion to ensure spectrophotometer reliability, and the calculations were

made with the arithmetic mean. Reliability was calculated through the

intraclass correlation coefficient (ICC = 0.9).

2.4 | Statistical analysis

The color coordinates recorded were analyzed using statistics soft-

ware (SPSS, SPSS Inc., version 22). The limits (minimum and maximum)

of the color coordinates were calculated using descriptive analysis.

Normal distribution of the data was checked through the

Kolmogorov–Smirnov test. Later, the ANOVA and student's T tests

were applied. P values <0.05 would be considered statistically

significant.

3 | RESULTS

The total sample (n = 216) was divided into three different age groups

including 72 subjects each – of 20–35 years (46 women, 26 men),

36–60 years (39 women, 33 men), and 61–90 years (44 women,

28 men) to prove its homogeneity in terms of age and gender. The

Chi-square test (X2 = 1.277; p = 0.528) for homogeneity showed that

there are no statistically significant differences in age or in gender.

The healthy attached gingival space color studied is delimited

between the following maximum and minimum coordinates. L*: mini-

mum 40.4 and maximum 61.2; a*: minimum 17.0 and maximum 30.2;

b*: minimum 9.8 and maximum 21.9. The mean and standard devia-

tion for L* was 53.41 + 3.37, for a* it was 24.06 ± 3.03, and for b* it

was 15.58 ± 2.09. With a significance greater than p > 0.05 in the Kol-

mogorov Smirnov test, we confirm the normality in the distribution of

the data.

However, the Student's T test revealed that there are statistically

significant differences between men and women for the three

coordinates of the CIELAB system. For L*, the mean coordinate was

52.16 + 3.4 for men and 54.27 + 3.1 for women (P value: 0.000); for

a*, the mean coordinate was 24.77 + 2.9 for men and 23.58 + 3.1

for women (P value: 0.004); and for b*, the mean coordinate was

15.18 + 2.2 for men and 15.86 + 2.0 for women (P value: 0.020).

Gingival color differences between men and women and between dif-

ferent age groups were calculated using the classic Euclidean formula

(ΔE*ab) and CIEDE2000 (ΔE00). According to the ΔE*ab value of

2.5 units, the difference between the gingival color of men and

women is not perceptible, while the ΔE00 value of 2.3 units falls

slightly above the perceptibility threshold, making the difference just

perceptible according to the CIEDE2000 formula. Nevertheless, both

values fall under the clinical acceptability threshold. Color differences

between the age groups are minor: there is a just perceptible differ-

ence between group 1 and 3 (2.4 units according to ΔE*ab, 0.6 units

according to ΔE00), but the difference was smaller between groups

1 and 2 (1.5 units: ΔE*ab; 1.3 units: ΔE00), and groups 2 and

3 (1.1 units: ΔE*ab; 0.8 units: ΔE00) (Table 1).

Therefore, the ANOVA test was used to compare the CIELAB

values and the age groups. No statistically significant differences were

found between age groups for the L* (p-value: 0.432) or a* (p-value:

0.452) coordinates, the means and standard deviations of which

were as follows. L*: 20–35 years: 53.84 (3.4); 36–60 years: 53.47

F IGURE 1 Color measurement area.

TABLE 1 Gingival color differences between groups. M = men,
W = women. G 1 = 20–35 years old, G2 = 36–60 years old y
G3 = 61–90 years old.

Study groups

Color differences

ΔE*ab ΔE00

M vs. W 2.5 units 2.3 units

G 1 vs. G 2 1.5 units 1.3 units

G 1 vs. G 3 2.4 units 0.6 units

G 2 vs. G 3 1.1 units 0.8 units
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(3.3); 61–90 years: 52.77 (3.4); a*: 20–35 years: 24.31 (3.1); 36–

60 years: 23.85 (2.9); 61–90 years: 24.07 (3.1). However, the differ-

ences in the b* coordinate were found to be statistically significant

(p = 0.000), with the following means and standard deviations: 20–

35 years: 16.73 (1.8); 36–60 years: 15.30 (2.2); 61–90 years: 14.55

(1.4). Due to the statistical significance found in the ANOVA test

between the b*coordinate and the age of the participants, Tukey's

post hoc test was applied, and it was determined that statistical signif-

icance was present between Groups 1 and 2, and between Groups

2 and 3 (p = 0.000). In other words, the older the person is, the bluer

the attached gingiva becomes.

4 | DISCUSSION

The first hypothesis of this analytical cross-sectional study, predicting

that there would be statistically significant differences between the

CIELAB color coordinates of natural healthy attached gingiva adjacent

to the maxillary incisors according to gender, was accepted, given that

significant differences (p < 0.05) were registered between the L*, a*

and b* color coordinates for men and women. Despite being statisti-

cally significant, this color difference is below the threshold of accep-

tance in the gingival chromatic space.33 These results agree with

those of Ho et al.27 who did not find a perceptible color difference

between men and women either (ΔE*ab 1.3 units), but contradict

those of Huang et al.10 who only found statistically significant differ-

ences between men and women for the L* coordinate and determined

that the color difference between the two genders surpassed the

threshold of perceptibility (ΔE*ab 4.8 units). This threshold has been

extensively studied for dental color (ΔE*ab = 3.7 units),31 however,

for gingival color few studies have obtained these data. Sailer et al.32

and G�omez-Polo et al.33 found that the average threshold of percep-

tion for the gingival chromatic space is 3.1 units for ΔE*ab,32,33 and

2.1 units for ΔE00, respectively.33 The difference in color between

the genders in the present study is not perceptible by the human eye

using the ΔE*ab formula, although with the CIEDE2000 formula, one

could say that it becomes so. Pérez et al.34 concluded that the

CIEDE2000 color difference formula provided a better fit than the

CIELAB formula in evaluating the color difference thresholds of

human gingiva. An improved interpretation and understanding of the

gingival perceptibility and acceptability thresholds has been provided

by a recent publication on how each of the three dimensions of color

(lightness, chroma and hue) influence color differences.35 More atten-

tion needs to be given to these gingival thresholds in future research.

These differences in color between the genders can be attributed to

the amount of melanin, vascularization, gingival biotype and keratini-

zation, which tend to vary between men and women.8

The study's second hypothesis, according to which the color coor-

dinates of healthy attached gingiva adjacent to the maxillary incisors

are related to age, should also be accepted, since there were statisti-

cally significant differences in the color coordinate b* between the

three age groups under study. With aging, there is a chromatic change

in healthy attached gingiva, with an increased presence of the color

blue (the values for the b* coordinate tend to decrease as age

increases). Age and its relation to gingival color is another much-

debated topic. The present study only found statistically significant

differences (p = 0.000) in the values of the b* coordinate for partici-

pants of different ages. Ho et al.27 used a spectroradiometer to ana-

lyze the color distribution of healthy human gingiva in 238 subjects

(of four ethnicities) divided into groups according to age (18–30,

31–45, 46–60, and over 61), finding that the gingiva becomes lighter

as age increases. This study examined subjects of all four races in a

combined manner: a method of data analysis which could result in mis-

interpretations when they are compared with results focused on one

race alone. Calvo Box,36 who determined the gingival color at 6 points

on the gingiva, in a Caucasian population with age ranges similar to that

of the present study, agrees that the b* values are higher in young peo-

ple, although many authors have not found differences regarding this

issue.8,10,28,37 Thus, the difference in gingival color obtained between

the age groups does not have clinical relevance, which is defined as an

acceptance threshold, as described in G�omez-Polo et al.33

Some studies have also examined the effect of gender and age on

gingival color without obtaining consistent results.8–10,21,37 Heydecke

et al.9 studied the color of the alveolar mucosa, attached gingiva, and

mesial papillae in the central incisor region and identified small differ-

ences with respect to gender. In general, men's gingivae were lighter

and less blue than they were in women.9 The present study also found

statistically significant differences between the CIELAB coordinates

according to the gender of the participants (87 men and 129 women).

With the results obtained, it could be said that women have a lighter

gingival color and in men it is slightly more bluish, as stated by several

other studies.8,10,28,37

Gingival color in esthetic prosthetic restorations is important in

dentistry, given that about 80% of the population show part of the

gingiva38 when they smile. This creates a challenge for dentists in clin-

ical situations where the gingiva must be replaced prosthetically, since

there are currently no reliable gingival shade guides that allow the

color of the gingiva to be reproduced artificially and thereby enable

the prosthetic restoration to mimic the soft tissue successfully.38,39

Research on gingival color has been published, but there is still not

enough information to determine the color of the attached gingiva

and gingival papillae, and these studies fail to address the color of the

gingiva when it is inflamed.7,8,39

Visual comparative methods have been used clinically to select

gingival color.9,16,22 However, this method presents difficulties when

it comes to obtaining reliable and concordant results since it depends

on factors such as: the examiner's characteristics,9,21 ambient

lighting,9,12,40 uniformity in shade guides, and so forth.7,8,18 For these

reasons, spectrophotometry has become the most reliable method for

measuring gingival and tooth color in dentistry.41,42 Although it is true

that spectrophotometry is the method with the greatest validity and

reliability for dental color measurement, it would be beneficial for

future studies to address validity and reproducibility in natural gingival

color measurement.8–10,27,28,37 Color data obtained with electronic

devices have greater repeatability42,43 and reliability, with values rang-

ing from 0.8 to 0.9,44 which are interpreted as excellent and superior
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to subjective visual methods.8,39,41 While spectrophotometry can pre-

sent certain drawbacks, such as the light source,43 inconsistent mea-

surement angles, discrepancies with the degree of humidity, “edge
loss” due to the morphology of the gingiva and its resilience during

color measurement,10 it was possible to minimize the impact of such

issues in the present study with the methodology used.

The limitations of this study include the fact that only the Cauca-

sian ethnic group was studied. Although few studies compare the gin-

gival color of different ethnic groups, Ho et al.27 and Ito et al.37

concluded that there are significant differences between different

ethnic groups (African Americans, Asians, Caucasians, and Hispanics/

others) and that this may be due to the degree of melanotic pigmenta-

tion. Additionally, in a cross-sectional study, this is a valid methodol-

ogy for identifying associations between variables, which is the

primary aim of this research. It is also worth noting that most pub-

lished research10,27,37 shares the present study's focus on the central

part of the keratinized gingiva adjacent to the central maxillary inci-

sors, given that this is the most representative gingival area. This

makes it hard to extrapolate the results to other gingival regions, such

as the free gingival margin, the gingival papillae, or the mucogingival

line. However, other studies, also conducted on a Spanish Caucasian

population, recorded gingival color in different gingival locations8,36

(examining six such locations) and identified similar color coordinates

to those described in the present study (Table 2). In contrast, for the

variables identified in the study by Huang et al.10 the color coordi-

nates were significantly greater. This difference may be because the

participants10 were Taiwanese, added to the fact that different

models of spectrophotometer were used.

In future studies, the samples should be expanded, considering

other factors such as ethnicity, medication, smoking, gingival biotype,

degree of keratinization, degree of pigmentation, vascularization, and

other factors. In addition, longitudinal studies should be carried out to

understand the behavior of gingival color over time and thus obtain

more consistent data regarding the age of the participants.

Taking into account the variables mentioned above, and the

acceptability and perceptibility thresholds for the gingival chromatic

space,12,32,33 it would be wise to create gingival color shade guides

that adapt to the chromatic reality of the entire gingival color space,

with mathematical criteria. This would enable clinicians to perform

prosthetic gingival reconstructions that are much more esthetically

successful, mimicking soft tissue through subjective visual selection.

5 | CONCLUSIONS

Within the limitations of this study, the following conclusions were

reached regarding healthy attached gingiva adjacent to the maxillary

incisors:

1. The color lies between the following values for the CIELAB coordi-

nates. L*: 40.4 to 61.2; a*: 17.0 to 30.2; b*: 9.8 to 21.9. These

color coordinates may be useful for producing well-designed gingi-

val color guides.

2. Color differences between men and women are clinically irrele-

vant, gingival color in women being slightly lighter.

3. It takes on a bluish color, as patients get older.

AKNOWLEDGMENTS AND DISCLOSURE

The authors would like to thank all participants for their time and consider-

ation. The authors thank to the research group named Avances en Salud

Oral of Department of Surgery at the University of Salamanca for the

institutional support provided for this research project. The authors

acknowledge the assistance of the statistician, Econ. Luis Eduardo Naranjo.

The authors declare that they do not have any financial interest in the

companies whose materials are included in this article.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Cristina G�omez-Polo https://orcid.org/0000-0002-7663-5841

REFERENCES

1. Pavicic D, Spalj S, Uhac I, Lajnert V. A cross-sectional study of the

influence of tooth color elements on satisfaction with smile esthetics.

Int J Prosthodont. 2017;30(2):156-159.

2. Montero J, G�omez-Polo C, Santos JA, Portillo M, Lorenzo MC,

Albaladejo A. Contributions of dental colour to the physical attractive-

ness stereotype. J Oral Rehabil. 2014;41(10):768-782.

3. G�omez Polo C, G�omez Polo M, Montero J, Martínez Vazquez de

Parga JA, Celemin Viñuela A. Correlation of natural tooth colour with

aging in the Spanish population. Int Dent J. 2015;65(5):227-234.

4. G�omez-Polo C, G�omez-Polo M, de Parga JAMV, Viñuela AC. Study of

the most frequent natural tooth colors in the Spanish population

using spectrophotometry. J Adv Prosthod. 2015;7(6):413-422.

5. Blum SL, Horn M, Olms C. A comparison of intraoral spectrophotometers-

are there user-specific differences? J Esthet Restor Dent. 2018;30(5):

442-448.

6. Kim M, Kim B, Park B, et al. A digital shade-matching device for dental

color determination using the support vector machine algorithm. Sen-

sors (Switzerland). 2018;18(9):3051.

7. G�omez Polo C, Montero J, G�omez Polo M, et al. Chromatic compati-

bility of two gingival shade guides with human keratinized gingiva. Int

J Prosthodont. 2021;36:20-29. doi:10.11607/ijp.7389

8. G�omez-Polo C, Montero J, G�omez-Polo M, Martín Casado AM. Clini-

cal study on natural gingival color. Odontol. 2019;107(1):80-89.

9. Heydecke G, Schnitzer S, Türp JC. The color of human gingiva and

mucosa: visual measurement and description of distribution. Clin Oral

Investig. 2005;9(4):49-57.

10. Huang JW, Chen WC, Huang TK, et al. Using a spectrophotometric

study of human gingival colour distribution to develop a shade guide.

J Dent. 2011;39(suppl. 3):e11-e16.

11. Benic GI, Scherrer D, Sancho-Puchades M, Thoma DS, Hämmerle CHF.

Spectrophotometric and visual evaluation of peri-implant soft tissue

color. Clin Oral Implants Res. 2017;28(2):192-200.

12. Ghinea R, Herrera LJ, Pérez MM, Ionescu AM, Paravina RD. Gingival

shade guides: colorimetric and spectral modeling. J Esthet Restor Dent.

2018;30(2):E31-E38.

13. Janiani P, Bhat PR, Trasad VA, Acharya AB, Thakur SL. Evaluation of

the intensity of gingival melanin pigmentation at different age groups

in the Indian population: an observational study. J Indian Soc Pedod

Prev Dent. 2018;36(4):329-333.

840 NARANJO ET AL.

 17088240, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jerd.13038 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [05/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-7663-5841
https://orcid.org/0000-0002-7663-5841
info:doi/10.11607/ijp.7389


14. Batra P, Daing A, Azam I, Miglani R, Bhardwaj A. Impact of altered

gingival characteristics on smile esthetics: Laypersons' perspectives

by Q sort methodology. Am J Orthod Dentofacial Orthop. 2018;154(1):

82-90.e2.

15. Dummett CO, Sakumura JS, Barens G. The relationship of facial skin

complexion to oral mucosa pigmentation and tooth color. J Prosthet

Dent. 1980;43(4):392-396.

16. Powers JM, Capp JA, Koran A. Color of gingival tissues of blacks and

whites. J Dent Res. 1977;56(2):112-116.

17. Sarmast N, Angelov N, Ghinea R, Powers J, Paravina R. Color compat-

ibility of gingival shade guides and gingiva-colored dental materials

with healthy human gingiva. Int J Periodontics Restorative Dent. 2018;

38(3):397-403.

18. Mayer Y, Ginesin O, Machtei EE. Photometric CIELAB analysis of the

gingiva: a novel approach to assess response to periodontal therapy.

J Periodontol. 2017;88(9):854-859.

19. Wang J, Lin J, Seliger A, Gil M, da Silva JD, Ishhikawa-Nagai S. Color

effects of gingiva on cervical regions of all-ceramic crowns. J Esthet

Resto Dent. 2013;25(4):254-262.

20. Koshi T. A study on the correlation between the Munsell values and

histopathological findings in human gingiva (author's transl). Nihon

Shishubyo Gakkai Kaishi. 1976;18(2):179-188.

21. Ibusuki M. The color of gingiva studied by visual color matching. Part

II. Kind, location, and personal difference in color of gingiva. Bull

Tokyo Med Dent Univ. 1975;22(4):281-292.

22. Schnitzer S, Türp JC, Heydecke G. Color distribution and visual color

assessment of human gingiva and mucosa: a systematic review of the

literature. Int J Prosthodont. 2004;17(3):327-332.

23. Papaspyridakos P, Amin S, El-Rafie K, Weber HP. Technique to match

gingival shade when using pink ceramics for anterior fixed implant

prostheses. J Prosthodont. 2018;27(3):311-313.

24. Bayindir F, Bayindir YZ, Gozalo-Diaz DJ, Wee AG. Coverage error of

gingival shade guide systems in measuring color of attached anterior

gingiva. J Prosthet Dent. 2009;101(1):46-53.

25. Sala L, Carrillo-De-Albornoz A, Martín C, et al. Factors involved in the

spectrophotometric measurement of soft tissue: a clinical study of

interrater and intrarater reliability. J Prosthet Dent. 2015;113(6):

558-564.

26. The International Commission on Illumination CIE 015:2018 Colorim-

etry, 4th Edition; Vienna, 2018.

27. Ho DK, Ghinea R, Herrera LJ, et al. Color range and color distribution

of healthy human gingiva: a prospective clinical study. Sci Rep. 2015

Dec;22(5):18498.

28. Hyun HK, Kim S, Lee C, Shin TJ, Kim YJ. Colorimetric distribution of

human attached gingiva and alveolar mucosa. J Prosthet Dent. 2017;

117(2):294-302.

29. G�omez-Polo C, Montero J, G�omez-Polo M, Martin Casado A. Com-

parison of the CIELab and CIEDE 2000 color difference formulas on

gingival color space. J Prosthodont. 2020;29(5):401-408.

30. G�omez Polo C, Montero J, Martín Casado AM. Comparison of two

color-difference formulas using the bland–Altman approach based on

gingiva color space. Odontology. 2019;107(1):72-79.

31. Paravina RD, Pérez MM, Ghinea R. Acceptability and perceptibility

thresholds in dentistry: a comprehensive review of clinical and

research applications. J Esthet Restor Dent. 2019;31(2):103-112.

32. Sailer I, Fehmer V, Ioannidis A, Thoma D, Hammerle C. Threshold

value for the perception of color changes of human gingiva. Int J Peri-

odontics Restor Dent. 2014;34(6):757-762.

33. G�omez-Polo C, Martín Casado AM, G�omez-Polo M, Montero J. Col-

our thresholds of the gingival chromatic space. J Dent. 2020 Dec;103:

103502. doi:10.1016/j.jdent.2020.103502

34. Pérez MM, Ghinea R, Herrera LJ, Carrillo F, Ionescu AM, Paravina RD.

Color difference thresholds for computer-simulated human gingiva.

J Esthet Restorar Dent. 2018;30(2):E24-E30.

35. Pérez MM, Carrillo-Perez F, Tejada-Casado M, Ruiz-L�opez J,

Benavides-Reyes C, Herrera LJ. CIEDE2000 lightness, chroma and

hue human gingiva thresholds. J Dent. 2022 Sep;124:104213. doi:10.

1016/j.jdent.2022.104213

36. Calvo Box MJ. Spectophotometric Analysis of Gingival Color in a Study

Population and Establishment of Groups and Typologies of Individuals in

Relation Thereto (author's Transl.). [Thesis]. Madrid: Universidad Com-

plutense de Madrid; 2015.

37. Ito M, Marx DB, Cheng AC, Wee AG. Proposed shade guide for

attached gingiva-a pilot study. J Prosthodont. 2015;24(3):182-187.

38. Tjan AH, Miller GD, The JG. Some esthetic factors in a smile.

J Prosthet Dent. 1984;51(1):24-28.

39. Du Y, Tan JG, Chen L, et al. Precision and accuracy of a dental spec-

trophotometer in gingival color measurement of maxillary anterior

gingival. Beijing Da Xue Bao Yi Xue Ban. 2012;44(4):622-627.

40. Jones J, McFall WT Jr. A photometric study of the color of health gin-

giva. J Periodontol. 1977;48(1):21-26.

41. Tsiliagkou A, Diamantopoulou S, Papazoglou E, Kakaboura A. Evalua-

tion of reliability and validity of three dental color-matching devices.

Int J Esthet Dent. 2016;11(1):110-124.

42. Mahn E, Tortora SC, Olate B, Cacciuttolo F, Kernitsky J, Jorquera G.

Comparison of visual analog shade matching, a digital visual method

with a cross-polarized light filter, and a spectrophotometer for dental

color matching. J Prosthet Dent. 2021;125(3):511-516.

43. Denissen H, Kuijkens A, Dozi�c A. A photographic method to measure the

colour characteristics of healthy gingiva. Int J Dent Hyg. 2007;5(1):22-26.

44. Liberato WF, Barreto IC, Costa PP, de Almeida CC, Pimentel W, Tiossi R.

A comparison between visual, intraoral scanner, and spectrophotometer

shade matching: a clinical study. J Prosthet Dent. 2019;121(2):271-275.

How to cite this article: Naranjo MJ, G�omez-Polo M,

G�omez-Polo C, Celemin-Viñuela A. Study of attached gingiva

space color according to gender and age in Caucasian

population. J Esthet Restor Dent. 2023;35(6):834‐841. doi:10.

1111/jerd.13038

NARANJO ET AL. 841

 17088240, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jerd.13038 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [05/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

info:doi/10.1016/j.jdent.2020.103502
info:doi/10.1016/j.jdent.2022.104213
info:doi/10.1016/j.jdent.2022.104213
info:doi/10.1111/jerd.13038
info:doi/10.1111/jerd.13038

	Study of attached gingiva space color according to gender and age in Caucasian population
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study design
	2.2  Selection of patients
	2.3  Data collection procedure
	2.4  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSIONS
	AKNOWLEDGMENTS AND DISCLOSURE
	DATA AVAILABILITY STATEMENT

	REFERENCES


