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Esthetic appearance plays an essential role in patient ac-
ceptance of removable prostheses.1,2 However, in con-

trast to the refinement of the “white esthetics” of fixed
prosthodontic work, the individual characterization of 
denture bases for achieving a thorough adaptation to in-
traoral soft tissues is rarely practiced. Currently, methyl
methacrylate is the most frequently chosen acrylic resin for
the fabrication of partial and complete removable denture

bases.3,4 Individual tinting of denture base resins is possi-
ble with, for example, the Dentacolor System (Heraeus
Kulzer). Using this system, the outer surface of the denture
base is coated with light-curing resins.5 Denture bases
made with the Ivocap system (Ivoclar Vivadent) can be in-
dividualized with the “Denture Stain Kit Ena Resin,” a heat-
polymerizing acrylic resin that contains several coloring
agents. Additional individualization can be achieved by
adding red fibers to imitate small gingival and mucosal cap-
illary blood vessels.6,7 Nevertheless, lack of long-term sta-
bility is one of the few disadvantages of acrylic resins as
denture base materials. This is a result of their poor resis-
tance to abrasion and, although low, solubility in water.8

Because of the wide variety of acrylic resins, tints, and
their respective shade guides, the individual characteri-
zation of denture bases for an optimal esthetic result is a
complicated and time-consuming process.9 For optimal
adaptation and an almost undetectable transition from
prosthodontic restoration to intraoral soft tissues, superior
artistic skills of the dental technician are crucial because
selection and combination of materials rely solely on his
or her subjective decision.10 A photograph or mirror image
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of the opposite side of the jaw can be used to aid in the
selection of gingival color.11

Color assessment of human gingival and mucosal tis-
sues is an essential first step in the development of an in-
traoral soft tissue shade guide. Such measurements can
be performed using visual, spectrophotometric, or photo-
graphic techniques. Knowledge of the distribution of gin-
gival and mucosal shades is almost equally important for
the individual configuration of denture base color.

The aim of this article was to systematically identify the
literature on gingival and mucosal color to answer the fol-
lowing questions:

1. Which studies describe color and its distribution within
human gingiva and mucosa?

2. Which studies report on visual color measurement
and shade matching of human gingiva and mucosa?

Materials and Methods

For the search in the electronic databases, a search strat-
egy was created for each of the two research questions by
combining the following keywords and Boolean operators:

(gingiva* OR gum*) OR ((soft OR gingiva*) AND 
tissue*) AND (color* OR colour* OR tint*) AND 
(pigment* OR distribut* OR spectr*)

(color* OR colour* OR tint*) AND (visual* OR optic*
AND (match* OR spectr* OR diff* OR percept* OR
test* OR observation* OR inspect* OR stud* OR 
survey* OR probe* OR trial*)) AND (gingiva* OR (soft*
OR gingiva*) AND tissue*) OR gum* OR esthetic* OR
((red OR pink) AND esthetic*)

For databases that did support the entry of the complete
search strategy in clear text, individual searches for each
keyword were carried out. The results were combined
using Boolean operators (AND, OR). Truncation of key-
words was performed for databases 1 to 10 and 12 to in-
clude variations of the keyword; truncation was not sup-
ported by the remaining databases.

The literature search was conducted in January 2003
using the following databases:

• PubMed (National Library of Medicine; NLM).
PubMed is NLM’s online search interface for MED-
LINE and PreMEDLINE (http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi).

• WebSPIRS (SilverPlatter) MEDLINE; CD-ROM data-
base (1966–2002/11/Serfile1902) (http://www.ovid.
com/site/products/tools/silverplatter).

• Cochrane Controlled Trials Register, Cochrane
Database of Systematic Reviews, EBM Reviews–
Best Evidence; online database (2002, Issue 4)
(http://cochrane.redi-fr.belwue.de).

• Embase (EM74)/Embase Alert (EA08) (Elsevier Science,
2002); online database (last updated 11/2002).

• Current Contents Connect (Institute for Scientific In-
formation); online database.

• Science Citation Index (Institute for Scientific Infor-
mation); CD-ROM database (http://www.isinet.com/
isi/products/citation/sci/).

• Web of Science (Science Citation Index Expanded;
Institute for Scientific Information); online database
(1993–December 21, 2002).

• RUSSMED (SU88); online database (1988–) (http://
www.dimdi.de/de/db/recherche.htm).

• Biosis (BA70); online database.
• CCMed (Current Contents Medizin); online database

(http://medsun.zbmed.uni-koeln.de/webOPAC/
welcomede.html).

• International Poster Journal of Dentistry and Oral
Medicine; online database (http://ipj.quintessenz.de).

• Deutsche Zahnärztliche Zeitschrift (DZZ); online data-
base until 1992 in PubMed; online database from 1992
(http://www.dzz.de/archiv/default.asp?zid=DZZ).

• LILACS (Latin American and Caribbean Health
Sciences) (http://www.bireme.br/bvs/P/pbd.htm).

• PAHO (Pan American Health Organization) HQ Library
Online Catalog (http://www.bireme.br/bvs/P/pbd.htm).

• ADOLEC (Literature on Adolescent Health) (http://
www.bireme.br/bvs/P/pbd.htm).

• AdSaude Health Services Administration (http://www.
bireme.br/bvs/P/pbd.htm).

• BBO Odontology (http://www.bireme.br/bvs/P/
pbd.htm).

• SIDORH Human Resources in Health (http://www.
bireme.br/bvs/P/pbd.htm).

• MedCarib Caribbean Health Sciences Literature
(http://www.bireme.br/bvs/P/pbd.htm).

• WHOLIS (World Health Organization Library
Information System) (http://www.bireme.br/bvs/P/
pbd.htm).

• SeCs Serials in Health Sciences/Collections of BIREME
(http://www.bireme.br/bvs/P/pbd.htm).

• DESASTRES (Disaster Documentation Center
Collection) (http://www.bireme.br/bvs/P/pbd.htm).

The electronic search was complemented by hand
searching in the leading German dental journal (DZZ;
1996 to 2002). The reference lists of all retrieved and rel-
evant articles were screened for additional references.
Finally, the bibliographic references of all retrieved arti-
cles were entered into PubMed, and the link “Related
Articles” was used to identify additional material.

Two members of the research team independently re-
viewed the retrieved articles. All identified publications
were classified (levels 1 to 5) following the guidelines of
the Oxford Centre for Evidence-Based Medicine (http://
www.cebm.net/levels_of_evidence.asp).12,13
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Results

Of the nine articles identified by the two search strate-
gies, six applied to the first question, two referred to the
second question, and one applied to both questions. It
became obvious that the colors of gingiva and alveolar
mucosa were evaluated separately in these studies 
because there are marked differences in color. Also, 
the clinical studies showed that the intraoral tissues of
younger persons are of a lighter color than those of
older persons.

1. Which Studies Describe Color and Its 
Distribution Within Human Gingiva and Mucosa?

The MEDLINE searches in PubMed and WebSPIRS yielded
119 and 166 hits, respectively. Four references were 
relevant to the above question; three of those were
Japanese-language publications.14–17

The search using the Embase, Embase Alert,
RUSSMED, Biosis, CCMed, IPJ, DZZ, LILACS, PAHO,
ADOLEC, AdSaude, BBO, SIDORH, MedCarib, WHOLIS,
SeCs, and DESASTRES databases did not result in any
additional hits. The search in the reference lists of the
retrieved articles while using the “Related Articles” fea-
ture in PubMed resulted in three additional hits (Table
1).18–20

Dummett18 presented a narrative overview of his ex-
perience with gingival color. He described healthy human
gingival tissue as follows: 

The color of healthy gingiva is variable, ranging from
a pale pink to deep bluish purple. . . . Colors depend
primarily upon the intensity of melanogenesis, the
degree of epithelial cornification, the depth of epi-
thelialization and the arrangement of gingival vas-
cularity. . . . Non-pigmented gingivae are found more
often in fair-skinned individuals, while pigmented
gingivae are usually seen in dark-skinned persons.

In an additional article,19 the author focused on pathologic
changes of intraoral soft tissues and suggested further
studies on the description of color and appearance of gin-
gival tissue.

Koshi17 spectrophotometrically measured the color
(hue) of the interdental papillae and marginal gingiva.
However, the number of participants in that study was low
(n = 15), with a restricted age bracket (19 to 27 years).
Only hue, not value or chroma, was evaluated.

In a study by Jones and McFall,20 the color of the max-
illary central interdental papilla was measured using a he-
lium-neon gas laser. Only the reflectance (relative to a
specific standard) was considered; the actual color was
not measured or reported. 

In 200 subjects, Powers et al14 performed a visual
color assessment of the attached gingiva at the central
and lateral incisors under natural daylight as well as
under fluorescent light. A total of 522 color assessments
were performed, but the distribution across the three
raters was asymmetric: One person performed 380 color
assessments, while double assessments were carried
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Table 1 Summary of Results of Studies Pertaining to Question 1*

Evidence Intraoral
Study level12 Method Subjects test area Results†

Dummett18 5 Not reported Not reported Not reported Gingival color is variable from pale
pink to bluish purple

Dummett19 5 Not reported Not reported Not reported Degree of melanotic pigmentation in-
fluences color; gingival pigmenta- 
tion in whites as well as blacks

Koshi17 4 Spectrophotometric mea- 15 (10 male, 5 fe- Maxillary and mandibular Hue: papillae = 4.6 R–5.0 R; marginal
surement; No. of raters male) anterior teeth, interdental gingiva = 5.3 R–6.5 YR
not reported papilla, marginal gingiva

Jones and 4 Photometric color measure- 80 whites; addition- Not reported No influence of gender, age, tooth-
McFall20 ment using He-Ne laser; al variables: hair/ brushing, eating apple, smoking,

No. of raters not reported eye color, geogra- drinking coffee on gingival color;
phic origin lighter hair = lighter gingiva; 

darker eyes = darker gingiva
Powers 4 Visual measurement (Mun- 200 (100 black, 100 Maxillary attached gingiva Hue: 2.5 R–7.5 R; value: 5–7; chroma:

et al14 sell tabs); 3 raters; fluor- white); gender distri- between central and 4; differences because of light
escent light, daylight bution not reported lateral incisors source � 3.6

Nakashima15 4 Visual measurement (Mun- Not reported; gen- Not reported Comparison of imagined and mea-
sell tabs); 30 raters der distribution sured gingival color; hue: 2.5 R–

not reported 5.0 R; value: 5.0–7.5; chroma: 6–8
Fukai16 4 Spectrophotometric mea- 24; gender distribu- Maxillary and mandibular Higher value in maxilla; higher % R in

surement; 1 rater tion not reported free gingiva mandibular and female gingiva

*Which studies describe color and its distribution within human gingiva and mucosa?
†Notations follow Munsell nomenclature: R = red; YR = yellow-red.



out by two judges for the remaining 142 tests. Because
of the small number of tests, the reliability of the color
assessments and the validity of the results are ques-
tionable. Only the attached gingiva was evaluated. 

Nakashima15 used a different approach. Thirty raters
(dental technicians, clinicians, and dental students) were
first asked to imagine the color of gingiva. Then, they rated
the gingival color of an unspecified number of subjects.
The research and diagnostic value of imagined gingival
colors is questionable.

Fukai16 spectrophotometrically measured the color of
30 subjects’ gingiva after blow drying. It remains unclear
whether unequal air drying affected the color measure-
ment. Also, the authors did not report the color relation-
ship between dry and moist gingiva.

2. Which Studies Report on Visual Color
Measurement and Shade Matching of Human
Gingiva and Mucosa?

The search in MEDLINE using the WebSPIRS interface
yielded 123 hits; in PubMed, 73 publications were identi-
fied. From both pools of references, two articles were rel-
evant to the question. One was an English-language pub-
lication, and the second was written in Japanese.21,22

The search within Embase, Embase Alert, RUSSMED,
Biosis, CCMed, IPJ, DZZ, LILACS, PAHO, ADOLEC,
AdSaude, BBO, SIDORH, MedCarib, WHOLIS, SeCs, and
DESASTRES did not result in additional hits. The search in
the reference lists of the retrieved articles did not yield any
additional results. Using the “Related Articles” feature in
PubMed, one additional publication was found (Table 2).14

Ibusuki21 attempted to visually measure the color of the
attached, marginal, and papillary gingiva in 60 Japanese
subjects using Munsell color tabs. No standardized light
source was used because the room for the measure-
ments had a window, and no attention was paid to chang-
ing daylight conditions. Raters were neither calibrated nor
checked for normal color vision.

Details and an evaluation of the study by Powers et al14

are given in the section regarding question 1.
Finally, Ibusuki et al22 describe the results from a study

with 20 raters (dental technicians, clinicians, and dental
students), who also performed a visual color measure-
ment of gingiva, on the influence of prosthetic restora-
tions. The gingival color difference between areas with
and without prosthetic restorations was calculated. The
following function was extrapolated from the results: 

Z = 14.844 – 0.300H – 1.741V – 1.001C

where H = hue; V = value; and C = chroma. For Z � 0,
gingivitis induced by prosthetic restorations was likely,
whereas for Z � 0, color change caused by gingivitis of
nonprosthetic origin was likely. Unfortunately, the num-
ber of subjects was not reported, and the development of
the formula used to identify a diagnostic color change was
not described in sufficient detail.

Discussion

This article reports on the results of a systematic search
of the literature on (1) the description of the color of in-
traoral soft tissues, and (2) its measurement using a vi-
sual technique. Nine publications were identified by the
outlined search strategy.

The PubMed database is one of the most popular
among dental researchers for the identification of litera-
ture relevant to a specific topic. However, its exclusive use
cannot be recommended, since the search result is often
insufficient, as shown in the present work.23 A related
problem arises from the fact that MEDLINE mostly in-
cludes Anglo-American literature, without verification of
its scientific value.24 Hence, to achieve a comprehensive
search result, a number of additional databases were
considered for the present work. The electronic search
was complemented by hand searching in DZZ. Indexing
of this leading German dental journal in MEDLINE was
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Table 2 Summary of Results of Studies Pertaining to Question 2*

Evidence Intraoral
Study level12 Method Subjects test area Results†

Ibusuki21 4 Visual measurement (Mun- 60; gender distribu- Maxillary and mandibular Hue: 10.0 RP–2.5 YR; value: 4–8;
sell tabs); 1 rater; light tion not reported anterior teeth, interdental chroma: 1.5–7.0; papillae, attached/
source not reported papilla, marginal gingiva free gingiva different colors; no

gender or left/right difference
Powers 4 Visual measurement (Mun- 200 (100 black, 100 Maxillary attached gingiva Hue: 2.5 R–7.5 R; value: 5–7; chroma:

et al14 sell tabs); 3 raters; fluor- white); gender distri- between central and 4; differences because of light
escent light, daylight bution not reported lateral incisors source � 3.6; value under daylight

0.5–1.0 units higher
Ibusuki 4 Visual measurement (Mun- Not reported; gender Marginal gingiva (jaw No differences between dental tech-

et al22 sell tabs); No. of raters, distribution not location not reported) nician, clinician, dental student
light source not reported reported raters; no color notations reported

*Which studies report on visual color measurement and shade matching of human gingiva and mucosa?
†Notations follow Munsell nomenclature: R = red; RP = red-pink; YR = yellow-red.



discontinued 1992 without explicit reason. In general, a
manual search approach adds quality to the search
process because it may result in additional hits.23,25

Therefore, it is a standard procedure for reviews follow-
ing the Cochrane Collaboration protocol. 

The low number of retrieved references on the topic of
gingival color is surprising. For the overall esthetic result,
the soft tissues surrounding prosthetic restorations are as
important as the appearance, form, and color of the pros-
thetic teeth.26–28 The modest interest in the topic of gin-
gival color is most likely a consequence of the difficulties
in finding a suitable system for soft tissue color measure-
ment and matching. Two systems, visual and spec-
trophotometric, were identified in the retrieved publica-
tions. In all studies, visual color measurement of oral soft
tissues was accomplished using the world-renowned
Munsell color system,29 which has been repeatedly used
in dentistry.30–32 Ibusuki21 and Powers et al14 found simi-
lar color values for human gingiva; their results can be
deemed identical with respect to measurement error.
These results validate the visual technique within its in-
herent limits, such as interindividual variability and exter-
nal noise factors because of different light sources. 

The publications by Dummett18,19 were among the first
to describe the color of intraoral soft tissues. However, they
only narratively describe the experience of the author
and his impression of color. There is no foundation in the
form of a planned scientific test using statistical methods.
Nevertheless, later clinical papers by others mostly con-
firm Dummett’s statements, such as those about the dif-
ferent color of attached gingiva and alveolar mucosa.21,33

Comparisons of the imagined color of gingiva and an
actual visual color measurement15 are of doubtful scien-
tific value. The findings of Nakashima15 show that imag-
ined color is more yellow-red and higher in chroma but
of equal lightness (value) than measured color. However,
these findings do not appear to have any meaningful
clinical relevance.

Using a photometric approach, Jones and McFall20

confirmed that the color of human gingiva is generally in-
dependent of age and sex, and lighter colors and less
chroma are described for younger persons.21 Fukai,16

using a spectrophotometric technique, complemented
these results insofar as the free marginal gingiva in the
maxilla is higher in value and female gingiva tends to be
more red compared to male gingiva. Koshi,17 also using a
spectrophotometer, only reported on the hue of the inter-
dental papillae (4.6 red to 5.0 yellow-red) and the marginal
free gingiva (5.3 red to 6.5 yellow-red). However, these data
are of limited value, since the large area of attached gin-
giva was not evaluated.

Considering the diverse aims, methods, and parame-
ters used in the discussed studies, it is impossible to com-
pare or even combine their outcomes in a scientifically
meaningful manner. In addition, none of the studies used

a controlled or even randomized design, and their level
of evidence, following the hierarchy of evidence, is low.13

The same applies to a comparison of visual and spec-
trophotometric color measurement. Although the results
obtained with either method appear similar, the influence
of confounding variables such as light source or back-
ground is often high, yet uncontrolled. Hence, results ob-
tained using one method are highly variable.

In future studies on the description of the color of
human gingiva, standardization of the measurement en-
vironment, specification of the measurement method,
controlled design, and evaluation of rater reliability should
be given due regard.
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