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Abstract

Introduction

The purpose of this study was to compare and evaluate the association of gingival melanin pigmentation
with age, sex, and skin tone in pre-school children of Hazaribag, JTharkhand, India.

Materials and methods

The study included 310 children aged 3 to 6 years, who were divided according to skin color into the
following: group I: Fair, group II: wheatish, group III: brown; and group IV: dark. The children were selected
using a census method where all participants fulfilling inclusion criteria were selected from the outpatient
department of the Department of Pediatric and Preventive Dentistry, Hazaribag College of Dental Sciences
and Hospital, Hazaribag. The subjects were further grouped into different age groups of 3-4 years, 4-5 years,
5-6 years, and 6 years. Subjects were examined in natural daylight, and gingival melanin pigmentation was
assessed using the Dummett-Gupta Pigmentation Index. The scoring was done for each arch segment. These
categorical data were analyzed using the chi-square test.

Results

Gingival pigmentation was found to increase with increasing age, whereas female subjects showed less
pigmentation than males. Majority of the children had wheatish complexion, and a significant positive
correlation was found between skin tone and gingival pigmentation; the darker the skin tone, the darker was
the gingival pigmentation. Anatomically, greater pigmentation was found in the anterior than posterior
region of arches. Greater pigmentation was found in the labial than lingual region; greater pigmentation was
also reported in the mandible than maxilla.

Conclusion

There was a positive correlation of gingival melanin pigmentation with age, sex, and skin tone in pre-school
children.

Clinical significance

The association of gingival pigmentation with skin color had been documented, but very few studies have
been published on adults and children on this subject. However, there is no study that evaluates the
association of gingival melanin pigmentation with age, sex, and skin tone of children of pre-school age.
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Introduction

Human skin color ranges from the darkest brown to the lightest hues. Differences in skin color among
individuals are due to variation in pigmentation, which is a result of genetics, exposure to the sun, or both.
The actual skin color of different humans is affected by many substances, although the single most
important substance is the pigment melanin. Melanin is produced within the skin in cells called melanocytes
and is the main determinant of the skin color of darker-skin humans. The gingiva is the fibrous mucosa
surrounding the teeth and is the most frequently pigmented part of intra-oral tissues. The deposition of
coloring matter, coloration, or discoloration by a pigment pertaining to the gingiva is gingival pigmentation.
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The knowledge about gingival pigmentation and their etiologies has increased enormously over the past
decade. The racial-physiologic pigmentation is not of medical concern but may at times be of esthetic
concern. Light brown to black pigmentation may be physiologic or racial in healthy colored-skinned
individuals, whereas the same oral pigmentation in Caucasians may be abnormal. The development of
pigmentation is regulated by the individual’s genetic makeup. The intensity of pigmentation is frequently
altered by physical, chemical, and hormonal factors [1,2].

The ideal color of normal gingiva is coral pink in adults and reddish pink in children. The color of the
gingiva is varied among different individuals and is thought to be associated with cutaneous pigmentation.
It varies from light to dark brown or black. The skin tone, texture, and color differ in various races and
regions. The gingival color depends primarily on the number and size of vasculature, epithelial thickness,
degree of keratinization, and pigments within the gingival epithelium. Melanin, carotene, reduced
hemoglobin, and oxy-hemoglobin are the prime pigments contributing to the normal color of gingiva, out of
which melanin shows the maximum incidence rate [3]. The severity of melanin pigmentation depends on a
variety of factors, mostly the megaloblastic activity, and varies from person to person. The Indian
population has various color shades ranging from fair to dark. Different patterns of melanin pigmentation
can be observed in different Indian populations. Several factors such as amalgam restoration adjacent to
gingiva, melanoma, long-term usage of antimalarial drugs and minocycline, and genetics are potential
confounders [4].

The association of pigmentation of gingiva with a positive correlation with skin color in adults has been
documented, and the maximum pigmentation was reported to be seen in attached gingiva. Till date, a
handful of studies have been published on adults and children related to this subject. However, there is no
study that evaluates the association of gingival melanin pigmentation with age, sex, and skin tone of
children of pre-school age. Hence, this study was an elusive attempt to relate distribution and intensity of
melanin pigmentation in gingiva of young children of Hazaribag town.

Materials And Methods

The present study was carried out in the Department of Pediatric and Preventive Dentistry, Hazaribag
College of Dental Sciences and Hospital, Hazaribag, JTharkhand, India. Prior to the start of the study, the
protocol for the present study was approved by the Institutional Ethical Committee of Hazaribag College of
Dental Sciences and Hospital, affiliated to Vinoba Bhave University, Hazaribag. A total number of 310
children aged 3 to 6 years were selected from the outpatient department of Pediatric and Preventive
Dentistry, Hazaribag College of Dental Sciences and Hospital. The children were selected using census
method where all participants fulfilling inclusion criteria were selected from the outpatient department of
the Department of Pediatric and Preventive Dentistry, Hazaribag College of Dental Sciences and Hospital.

Children aged 3 to 6 years with healthy gingiva and with all primary teeth in the dental arch were included
in the study. In addendum to this, consent of the parents/guardians was a mandatory requirement. The
exclusion criteria included children with gingivitis, those with periodontitis or with any other systemic
diseases, and those with drug or chemical pigmentation on gingiva and with amalgam restorations.
Medically compromised children and children with chemical skin peeling and albinism were also excluded.

The children’s demographic details, that is age, gender, and address, were recorded and examined in broad
daylight to assess the skin color. The skin color was graded by comparing the color of the inner aspect of the
upper arm used as a reference, which is relatively unexposed to sunlight. The skin color of children was
recorded under natural light with examiner’s eyes as suggested by Wright [4]. Skin color was recorded as fair,
wheatish, brown, and dark by using skin color shade guide. The subjects were divided into four groups
according to their skin color in reference to the criteria adapted by Aina et al. as follows [5]:

Group I: subjects with fair skin
Group II: subjects with wheatish skin
Group III: subjects with brown skin
Group IV: subjects with dark skin

This color confirmation was done by inter-examiner calibration, where both the examiners agreed with the
specific skin color of the participants. Although there are different techniques to evaluate the skin color, but
visual examination of skin color under natural light with eyes is considered as the final judge of color as
suggested by Wright [4]. However, in addendum to this, we have used skin color shade guide to grade the
skin color in a standardized manner. Intraoral photographs were obtained with a digital camera, and were
reproduced with similar sizes to that of actual mouth on a computer display. The distribution and intensity
of melanin pigmentation with reference to age, sex, and skin tone were recorded and analyzed by using oral
pigmentation index given by Dummett [6].
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The Dummett-Gupta Oral Pigmentation Index (DOPI) assessment represents the index that is the
assignment of a composite numerical value to the total melanin pigmentation seen on clinical examination
of the various tissues comprising the oral cavity. In the case of the gingiva, the assessment is made for each
arch separately, and is obtained by dividing the sum of the assigned estimates of pigmentation in the lingual
and buccal unit spaces by the total number of unit spaces in the arch. The gingivae of the maxillary and
mandibular arches were each divided into 20 unit spaces - 10 on the lingual aspect and 10 on the
buccal/labial surfaces - as we took deciduous dentition consisting of 10 teeth in each arch. Each unit space
approximates the area of the marginal gingiva and extends from the gingival crest apically to the level of the
attached gingiva. The method consists of assigning a numerical oral pigmentation estimate to each one of
these 20 unit spaces. The assigned estimate is based on the following scale:

0= No clinical pigmentation (pink tissue)

1 = Mild clinical pigmentation (mild light brown color)

2 = Moderate clinical pigmentation (moderate brown or mixed pink and brown coloration)
3 = Heavy clinical pigmentation (deep brown or blue-black tissue)

The higher the number, the higher the intensity of pigmentation.

Following the assignment of ratings, the numerical estimates in the maxillary arch were totaled and divided
by 20. The resulting number was the DOPI assessment score for the maxillary arch. The mandibular arch was
estimated in a similar manner.

DOPI assessment formulae:
(Maxillary gingiva) Sum of assigned estimates of components divided by 20 unit spaces
The DOPI assessment is scaled according to the following designations:

Score 0, no clinical pigmentation; score 0.031-0.97, mild pigmentation, Score 1.00-1.9, medium
pigmentation; score 2.00-3.00: heavy pigmentation.

Statistical analysis

Based on the DOPI, the severity of oral pigmentation was categorized and hence children were distributed
according to their corresponding severity. These categorical data were analyzed using the chi-square test
(test of association). For all tests, a p-value of 0.05 or less was considered for statistical significance.

Results

A total of 310 children were examined for the study, in which 15.5% were under 3-4 years of age, 20.3% were
4-5 years of age, 24.8% were 5-6 years of age, and 39.4% were under 6 years. Of the total participants, 159
were males and 151 were female, and it was found that all of the children showed gingival melanin
pigmentation, thus concluding a 100% incidence of pigmentation. Out of the total subjects, 45.2% were
wheatish in color, 23.5% were brown, 19.0% were fair, and 12.3% were dark.

Table I illustrates the comparison of gingival melanin pigmentation in percentages among four different age
groups and inter-group comparison among mild, medium, and heavy gingival pigmentation. In the age group
of 3-4 years, 66.7% of the sample showed mild gingival pigmentation, 33.3% showed medium gingival
melanin pigmentation, and none showed heavy gingival melanin pigmentation. In the age group of 4-5
years, 50.8% sample showed mild pigmentation, 41.3% showed medium gingival melanin pigmentation, and
only 7.9% showed heavy gingival melanin pigmentation. In the age group of 5-6 years, 53.2% of the sample
showed mild gingival pigmentation, 46.8% showed medium gingival melanin pigmentation, and none
showed heavy gingival melanin pigmentation. In those aged 6 years, 46.7% of the sample showed mild
gingival melanin pigmentation, 53.3% showed medium gingival melanin pigmentation, and none showed
heavy gingival melanin pigmentation. When the age groups of 3-4 years, 4-5 years, 5-6 years, and 6 years
were compared to each other, it was concluded that medium melanin pigmentation was found to increase
with age and that the results obtained were highly statistically significant.
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Total

0.03-0.9

1.00-1.9

2.00-3.0

Total

%

Age (years)

Total
3-4 4-5 5-6 6
32 32 41 57 162
66.7% 50.8% 53.2% 46.7% 52.3%
16 26 36 65 143
33.3% 41.3% 46.8% 53.3% 46.1%
0 5 0 0 5
_ 7.9% - - 1.6%
48 63 77 122 310
100% 100% 100% 100% 100%

TABLE 1: Total gingival melanin pigmentation in relation with age

X2 = 25.65, p < 0.001, highly significant

Total

0.03-0.9

1.00-1.9

2.00-3.0

Total

Table 2 illustrates the comparison of gingival melanin pigmentation in percentages among gender (male and
female) with mild, medium, and heavy gingival pigmentation. In the male group, 48.4% of samples showed
mild gingival pigmentation, 48.4% showed medium gingival melanin pigmentation, and only 3.1% showed
heavy gingival melanin pigmentation. In the female group, 56.3% of the sample showed mild gingival
pigmentation, 43.7% showed medium gingival melanin pigmentation, and none showed heavy gingival
melanin pigmentation. When the male and female groups were compared to each other, it was inferred that
mild gingival melanin pigmentation was seen more in females than in males, with a statistically significant
value. However, medium gingival melanin pigmentation was seen more in males when compared to females.

Gender
Total

Male Female
No. 77 85 162
% 48.4% 56.3% 52.3%
No. 77 66 143
% 48.4% 43.7% 46.1%
No 5 0 5
% 3.1% - 1.6%
No 159 151 310
% 100% 100% 100%

TABLE 2: Gingival melanin pigmentation in relation to gender

X2 =6.04, p = 0.05, significant

Table 3 illustrates the comparison of gingival melanin pigmentation in percentages among four different
skin tone groups and inter-group comparison with mild, medium, and heavy gingival pigmentation
respectively. In the fair group, 61.0% of sample showed mild gingival melanin pigmentation, 39.0% showed
medium gingival melanin pigmentation, and none showed heavy gingival melanin pigmentation. In the
wheatish group, 62.9% of sample showed mild gingival pigmentation, 35.0% showed medium gingival
melanin pigmentation, and 2.1% showed heavy gingival melanin pigmentation. In the brown group, 38.4%
of sample showed mild gingival melanin pigmentation, 58.9% showed medium gingival melanin
pigmentation, and 2% showed heavy gingival melanin pigmentation. In the dark group, 26.3% of sample
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showed mild gingival pigmentation, 73.7% showed medium gingival melanin pigmentation, and none
showed heavy gingival melanin pigmentation. When the fair, wheatish, brown, and dark groups were
compared to each other, it was found that light-skinned people in the fair and wheatish groups showed more
mild gingival melanin pigmentation, whereas when the skin tone becomes darker, intensity of gingival
melanin pigmentation becomes darker too and therefore medium-to-heavy pigmentation was seen in brown
and dark skinned groups. The results obtained were highly statistically significant.

Skin tone
DOPI Total
Brown Dark Fair Wheatish
No. 28 10 36 88 162
Mild pigmentation
% 38.4% 26.3% 61.0% 62.9% 52.3%
No. 43 28 23 49 143
Medium pigmentation
% 58.9% 73.7% 39.0% 35.0% 46.1%
No 2 0 0 3 5
Heavy pigmentation
% 2.7% - - 21% 1.60%
Total No. 73 38 59 140 310
% 100% 100% 100% 100% 100%

TABLE 3: Gingival pigmentation in relation to skin tone

X2 =27.10, p < 0.001, highly significant

DOPI, Dummett-Gupta Oral Pigmentation Index

Table 4 illustrates the comparison of gingival melanin pigmentation of the maxillary anterior region in
percentages among four different age groups and inter-group comparison among mild, medium, and heavy
gingival pigmentation. When 3-4 years, 4-5 years, and 5-6 years groups were compared to each other, it was
concluded that medium melanin pigmentation was found to increase with age and that the results obtained
were highly statistically significant.

Age (years)

Maxillary anterior region Total
3-4 4-5 5-6 6

No. 22 23 30 45 120
0.03-0.9

% 45.8% 36.5% 39.0% 36.9% 38.7%

No 18 26 40 41 125
1.00-1.9

% 37.5% 41.3% 51.9% 33.6% 40.3%

No 8 14 7 36 65
2.00-3.0

% 16.7% 22.2% 9.1% 29.5% 21.0%

No. 48 63 77 122 310
Total

% 100% 100% 100% 100% 100%

TABLE 4: Gingival melanin pigmentation of the maxillary anterior region in relation to age

X2 = 17.64, p = 0.022, significant

Table 5 illustrates the comparison of gingival melanin pigmentation of the maxillary posterior region in
percentages among four different age groups and inter-group comparison among mild, medium, and heavy
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gingival pigmentation. When 3-4 years, 4-5 years, and 5-6 years of age groups were compared to each other,
it was concluded maxillary posteriors had mostly mild melanin pigmentation and that the results obtained
were statistically significant.

Age (years)

Maxillary posterior region Total
3-4 4-5 5-6 6
No. 6 5 6 12 29
0
% 12.5% 7.9% 7.8% 9.8% 9.4%
No. 37 46 46 76 205
0.03-0.9
% 77.1% 73.0% 59.7% 62.3% 66.1%
No. 5 9 25 32 71
1.00-1.9
% 10.4% 14.3% 32.5% 26.2% 22.9%
No. 0 3 0 2 5
2.00-3.0
% - 4.8% - 1.6% 1.6%
No. 48 63 77 122 310
Total
% 100% 100% 100% 100% 100%

TABLE 5: Gingival melanin pigmentation of the maxillary posterior region in relation to age

X2 =17.81, p = 0.04, significant

When Table 4 and Table 5 were compared to each other, it was noted that the gingival melanin pigmentation
in the posterior region was lesser than that of the anterior region in the maxilla.

Table 6 illustrates the comparison of gingival melanin pigmentation of the mandibular anterior region in
percentages among four different age groups and inter-group comparison among mild, medium, and heavy
gingival pigmentation. When 3-4 years, 4-5 years, and 5-6 years of age groups were compared to each other,
it was concluded that the mandibular anterior region showed more medium melanin pigmentation and that
the results obtained were statistically significant.

Age (years)

Mandibular anterior region Total
3-4 4-5 5-6 6

No. 19 16 18 45 98
0.03-0.9

% 39.6% 25.4% 23.4% 36.9% 31.6%

No. 24 35 51 53 163
1.00-1.9

% 50.0% 55.6% 66.2% 43.4% 52.6%

No. 5 12 8 24 49
2.00-3.0

% 10.4% 19.0% 10.4% 19.7% 15.8%

No. 48 63 77 122 310
Total

% 100% 100% 100% 100% 100%

TABLE 6: Gingival melanin pigmentation of the mandibular anterior region in relation to age

X2 =13.18, p = 0.04, significant

2022 Verma et al. Cureus 14(10): €30699. DOI 10.7759/cureus.30699 6 of 11



Cureus

Mandibular posterior region

0.03-0.9

1.00-1.9

2.00-3.0

Total

Table 7 illustrates the comparison of gingival melanin pigmentation of the mandibular posterior region in
percentages among four different age groups and inter-group comparison among mild, medium, and heavy
gingival pigmentation. When 3-4 years, 4-5 years, 5-6 years of age groups were compared to each other, it
was concluded that the mandibular posterior region showed milder melanin pigmentation and that the
results obtained were statistically significant.

Age (years)

Total
3-4 4-5 5-6 6

No. 11 4 6 10 31
% 22.9% 6.3% 7.8% 8.2% 10.0%
No. 27 42 42 83 194
% 56.2% 66.7% 54.5% 68.0% 62.6%
No. 10 7 25 29 71
% 20.8% 11.1% 32.5% 23.8% 22.9%
No. 0 10 4 0 14
% - 15.9% 5.2% - 4.5%
No. 48 63 77 122 310
% 100% 100% 100% 100% 100%

TABLE 7: Gingival melanin pigmentation of the mandibular posterior region to age

X2 = 44.25, p < 0.001, highly significant

When Table 6 and Table 7 were compared to each other, it was noted that the gingival melanin pigmentation
in the posterior region was less than that in the anterior region in the mandible. Also, when Table 4 and
Table 6 were compared to each other, it was noted that the gingival melanin pigmentation in the anterior
region of the mandible was lesser than that in the anterior region in the maxilla.

Discussion

The color of skin and gingiva are two indispensable parameters for an aesthetic smile and a pleasant facial
appearance. Today, we know that there are many variations in skin color among members of the same ethnic
group and also that changes in the pigmentation of the oral mucosa are not always pathological signs, but
may be normal physiologic manifestations. Edwards and Duntley examined skin color
spectrophotometrically and found that the color is defined by five primary pigments: melanin, melanoid,
oxyhemoglobin, reduced hemoglobin, and carotene [7]. Gingival pigmentation is transmitted genetically in
certain populations, and hence it is appropriate to call this pigmentation as physiologic or racial gingival
pigmentation. Melanocytes normally occur in the gingiva of all humans [8]. The intensity and distribution of
pigmentation of the oral mucosa is variable not only between races but also between different individuals of
the same race and within different areas of the same mouth. Physiologic pigmentation is probably
genetically determined, but as Dummett and Gupta [9] suggested, the degree of pigmentation is partially
related to mechanical, chemical, and physical stimulation, and this variation is related to differences in the
activity of melanocytes.

In the present study, the children’s demographic details, that, is age, gender, and address, were recorded and
examined in broad daylight to assess the skin color. The skin color was graded by comparing the color of the
inner aspect of the upper arm used as a reference, which is relatively unexposed to sunlight. The skin color
of children was recorded under natural light with the examiner’s eyes, as suggested by Wright [4]. Skin color
was classified as fair skinned, wheatish, brown, and dark using a skin color shade guide. The subjects were
divided into four groups according to their skin color in reference to the criteria adapted by Aina et al. as
fair, wheatish, brown, and dark. Although there are different techniques to evaluate the skin color, visual
examination of skin color under natural light with eyes is considered as the final judge of color as suggested
by Wright [4]. However, in addendum to this, we have used skin color shade guide to grade the skin color in a
standardized manner. To standardize the calibration, the examiner was capable of seeing the daylight
outside the operatory and underwent color vision test to check for color blindness. After checking the vision
for color, the skin color assessment was recorded [10]. In the present study, DOPI was used to evaluate the
pigmentation of the gingiva [6]. Advantage of using DOPI is that it gives a composite numerical value to
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total gingival melanin pigmentation. It is used as a clinical tool in estimating the quantitative occurrence of
gingival pigmentation and is used as an epidemiologic tool in estimating how widespread gingival
pigmentation as well as in comparing the amounts of pigmentation occurring in various oral tissues
including gingiva.

Gingival melanin pigmentation and age

In the present study, the children were further grouped into different age groups, 3-6 years, 4-5 years, 5-6
years, and 6 years, and it was found that as the age increased, the intensity of gingival melanin pigmentation
also increased, thus showing a positive correlation with age. This observation is in accordance with a study
by Kuroda et al. in Japanese children, where it was reported that gingival pigmentation increase up to 6 years
of age. Similar findings were observed in the studies by Eaturi et al., which had shown an increase in
pigmentation in children of South Indian population from newborns to 15 years of age, and Steigmann, who
showed an increase up to 18 years [11-13]. Monash reported increasing pigmentation during the first few
years of life in Blacks, which was complete by the end of the second decade of life [14]. Gorsky et al. showed
no significant change with age, which is contradictory to the present study and might be due to their
exclusion of subjects less than 18 years of age [15]. The increase in the severity of pigmentation from
newborn to adulthood (i.e., 0-6 months to 15 years) might be due to physiological growth changes and
hormonal changes during pubertal age. The present study observed gingival melanin pigmentation in all the
310 children and is contrary to the report of Prinz who asserted that physiologic pigmentation did not
appear in children and was clinically visible only after puberty [16]. Dummett and Gupta reported the
presence of pigmentation in newborns as early as 3 hours after birth [9]. The high prevalence reported in the
present study when compared to other studies by Dummett, Steigmann, and Amir et al. could be due to the
influence of ethnic background on gingival pigmentation. The latter studies included a mixture of fair and
dark complexioned population [9,13,17]. In the present study, 310 subjects were involved, and when divided
into different age groups, all the age groups showed overall melanin gingival pigmentation.

Gingival pigmentation and racial differences

In the present study, gingival pigmentation of varied intensity was observed in all the participants of the
study belonging to Hazaribag city of JTharkhand state, thus inferring a prevalence of 100% in Hazaribag
locale. However, this research does not correlate the racial differences as all participants are from the same
city. The prevalence of 100% gingival pigmentation in the present study is nearly in accordance with earlier
reported studies in Indian races: Joshi and Udhani (100%), Kamat (90%), Pal (90.14%), and Hedin and Axell
(96%) [18-21]. Physiologic gingival pigmentation is a characteristic of the darker races, although it is not
limited to any one race. Studies by Monash and Dummett in Negroes reported 95% and 92.3% prevalence of
gingival pigmentation [9,14]. Van Wyk’s study on South African Bantu tribals reported 98.4% prevalence of
gingival pigmentation, Dummett et al, in African-Americans found more than 90% of prevalence, and Hedin
and Axell found 91% prevalence of gingival pigmentation in Malays, 70% of Thais, and 74% of Chinese
subjects in Malaysia [22-24]. Kuroda et al. reported around 50% prevalence of gingival pigmentation in
Japanese school children, and Steigmann in Yeminite Jews found 50% prevalence of gingival pigmentation.
Gingival pigmentation was observed in 12.5% of white, 70.4% of yellow, and 93.2% of black Brazilian
children [11,13]. Fry and Almeyda also found 5% prevalence of gingival melanin pigmentation in the
Caucasoids in Britain. The above studies signify the influence of race (which reflects skin color) and ethnic
background on gingival pigmentation [25].

Gingival melanin pigmentation and gender

In the present study, when comparing 161 males and 159 females for gingival melanin pigmentation, the
results were statistically significant. An association was found in terms of severity of gingival melanin
pigmentation between gender and gingival pigmentation, showing males to have more pigmentation. This
association is in accordance with the study by Hedin and Axell who found more pigmentation in males than
females in the Chinese population [24]. Contrasting with the present study results, there are findings by
Joshi and Udhani, Pal in Indian ethnic population, and other studies by Reade, Bolden, Steigmann, Gorsky

et al., Oluwole and Elizabeth, and Eaturi et al., which showed lack of association of gingival melanin
pigmentation with gender [12,13,15,18,20,24,26-28]. In the present study, males have reported more gingival
melanin pigmentation than females.

Gingival melanin pigmentation and anatomical locations

In the present study, anatomical observation of melanin pigmentation was performed in mandible and
maxilla separately, and separate tables for their anterior and posterior tooth region were tabulated. Gingival
melanin pigmentation was observed in both labial and lingual aspects of each teeth while determining DOPI
assessment score. The present study showed 9.4% of the sample without any pigmentation in the posterior
maxillary region and 10.0% of the sample in the posterior mandibular region. In anatomical locations, more
number of children in the age group of 3-4 years showed no pigmentation in the posterior region. Thus, the
study revealed greater gingival melanin pigmentation in the mandible than maxillary arch, and as we went
posteriorly, it was found greater in the anterior than posterior region and more in the labial region when
compared to the lingual region. These findings are in accordance with the finding of the study by Eaturi et
al., which included individual from newborn to 55 years of age [12]. Raut et al., Pal, Dummett et al.,
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Dummett, Monash, Steigmann, and Hedin and Axell reported greater pigmentation in the anterior than
posterior region, labial than lingual [9,12-14,20,21,29-30]. Lesser amount of exposure of the lingual and
posterior regions of the mouth due to the effects of light, variations in temperature, the irritating influences
of dust particles, and so on could be responsible for the lesser amount of pigmentation in these anatomical
locations. In the present study, greater pigmentation was found in the anterior region than the posterior
region. Also, greater pigmentation was found in the labial region than the lingual region. Greater
pigmentation was also reported in the mandible than maxilla.

Gingival melanin pigmentation and skin tone

In the present study, facial complexion was recorded using skin color shade guide, and the participants were
grouped into fair, wheatish, brown, and dark. Out of 310 participants, 140 were of wheatish skin tone that
was 45.2%. There was a correlation between the gingival melanin pigmentation and skin tone. In the present
study, most of the brown and dark subjects were having medium gingival pigmentation, while most of the
fair skinned people showed light gingival melanin pigmentation. As pigmentation of the gingiva is
constantly associated with pigmentation of the skin due to similarity between histological structure of the
skin and the gingiva, it might be the probable reason for heavy pigmentation in dark complexion people. In
general, individuals with fair skin will not demonstrate overt tissue pigmentation, although comparable
numbers of melanocytes are present within their gingival epithelium. The melanocytes are generally inactive
or hypoactive in such individuals as documented in previous literature [12]. The study done by Dosumu and
Dosumu in 2010 showed a statistically significant correlation between facial skin and gingival tissue
pigmentation. The subject distribution for facial skin pigmentation was done under two categories, dark and
light, as per the criteria developed by Aina et al. in 1978 [31]. Aina et al. developed three categories as dark,
medium, and light shades of the skin without any specific clarification and was applied only for Negros
population [5]. The present study showed a positive correlation between gingival pigmentation and facial
skin complexion, and these findings are in accordance with reports of Eaturi et al., Raut et al., Joshi and
Udhani, and Pal, in the Indian population, and other studies by Monash, Dummett et al., Steigmann,
Dummett et al., Zimmerman et al., and Oluwole and Elizabeth [9,12-14,18-20,23,28-30,32,33]. On the
contrary, studies by Dummett, Kamat, and Patel et al. have not shown any correlation between gingival
pigmentation and facial skin complexion.

The results of our study are in contrast with the results of the study conducted by Dummett et al. in 1980,
who concluded that there is no correlation between facial skin and the gingival pigmentation [23]. Patel et
al. conducted a study on maxillary anteriors to find a correlation between gingival melanin pigmentation
and skin tone. This study too showed no association between gingival melanin pigmentation and skin tone
[33]. In the present study, a significant positive correlation was found between skin tone and gingival
melanin pigmentation. The darker the skin tone, the darker was the gingival pigmentation.

Conclusions

The present study was an elusive genuine attempt to evaluate and compare the association of age, sex, and
skin tone, with gingival melanin pigmentation in pre-school children, and a significant correlation was
established after this research was conducted in Hazaribag city of Jharkhand state of East India. The
following conclusions are drawn from this study. As the age increased, the intensity of gingival melanin
pigmentation also increased, thus showing a positive correlation with age. Males have reported more
gingival melanin pigmentation than females. A significant positive correlation was found between skin tone
and gingival melanin pigmentation. The darker the skin tone, the darker was the gingival pigmentation.
Greater pigmentation was found in the anterior region than the posterior region. Also, greater pigmentation
was found in the labial region than the lingual region. Greater pigmentation was also reported in the
mandible than maxilla. There is a plethora of literature documented to support these conclusive findings.
However, it is difficult to generalize these results over a large population because of various factors such as
demographic, ethnic, racial, and genetic differences, yet a definitive hypothesis can be given as the end goal
of this study that gingival pigmentation can be positively reconnoitered with age, sex, and skin color. The
benefits inferred from this research can be clinically applied to the growing children to perceive gingival
pigmentation as a physiological entity and not the pathological one and also it can be depigmented with
simple procedures. In addendum to this, further studies are warranted with larger samples over larger areas
of different countries to solidify our research outcomes.

The gingival pigmentation in pre-school children of Hazaribag city is significantly associated with age, sex,
and skin color. The intensity of gingival melanin pigmentation increases with increasing age, with more
male preponderance than females, with the anterior region more affected than the posterior region of the
oral cavity. Also, greater pigmentation was noted in the labial region when compared to lingual segment,
with more in the mandible than maxilla. The gingival melanin pigmentation was also significantly greater in
darker tone children when compared to lighter skin tone children.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
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Committee, Hazaribag College of Dental Sciences and Hospital, Hazaribag issued approval
HCDSH/ADM/BNF/2022/489. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Peeran SW, Ramalingam K, Peeran SA, Altaher OB, Alsaid FM, Mugrabi MH: Gingival pigmentation index
proposal of a new index with a brief review of current indices. Eur ] Dent. 2014, 8:287-90. 10.4103/1305-
7456.130640

Miiller HP, Eger T: Gingival phenotypes in young male adults. ] Clin Periodontol. 1997, 24:65-71.
10.1111/j.1600-051x.1997.tb01186.x

Edwards E, Duntley Q: The pigments and colour of living human skin . Am J Anat. 1939, 65:1-33.
10.1002/AJA.1000650102

Wright SM: Prosthetic reproduction of gingival pigmentation. Br Dent J. 1974, 136:367-72.
10.1038/sj.bdj.4803188

Aina TO, Wright SM, Pullen-Warner E: The reproduction of skin color and texture in facial prostheses for
Negro patients. | Prosthet Dent. 1978, 39:74-9. 10.1016/50022-3913(78)80051-1

Dummet CO, Gupta OP: Estimating the epidemiology of oral pigmentation. ] Natl Med Assoc. 1964, 56:419-
20.

Edwards E, Duntley Q: The pigments and colour of living human skin . Am J Anat. 1939, 65:1-33.
10.1002/aja.1000650102

Dummett CO, Barens G: Oromucosal pigmentation: an updated literary review. ] Periodontol. 1971, 42:726-
36.10.1902/jop.1971.42.11.726

Dummett CO: Physiologic pigmentation of the oral and cutaneous tissues in the Negro . ] Dent Res. 1946,
25:421-32. 10.1177/00220345460250060201

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. ] Indian Soc Pedod
Prev Dent. 2018, 36:329-33. 10.4103/]ISPPD.JISPPD 192 17

Kuroda K, Karazumi I, Fujino M, Tani Z, Nagai A, Matsuzawa T: Biochemical studies on gingival
pigmentation in children. | Biochem. 1961, 49:693-9. 10.1093/oxfordjournals.jbchem.al27359

Eaturi E, Reddy K, Avula H, Bolla V, Mishra A: Evaluation of prevalence and severity of gingival
pigmentation and its correlation with skin complexion. Sch Acad | Biosci. 2017, 5:596-610.

Steigmann S: The relationship between physiologic pigmentation of the skin and oral mucosa in Yemenite
Jews. Oral Surg Oral Med Oral Pathol. 1965, 19:32-8. 10.1016/0030-4220(65)90212-4

Monash S: Normal pigmentation of oral mucosa. Arch Dermatol Syph. 1932, 2:139-47.

Gorsky M, Buchner A, Moskona D, Aviv I: Physiologic pigmentation of the oral mucosa in Israeli Jews of
different ethnic origin. Community Dent Oral Epidemiol. 1984, 12:188-90. 10.1111/j.1600-
0528.1984.tb01436.x

Prinz H: Pigmentation of the oral mucous membrane. Dent Cosmos. 1932, 72:554-61.

Amir E, Gorsky M, Buchner A, Sarnat H, Gat H: Physiologic pigmentation of the oral mucosa in Israeli
children. Oral Surg Oral Med Oral Pathol. 1991, 71:396-8. 10.1016/0030-4220(91)90325-7

Joshi SM, Udhani TM: Presence and distribution of melanin pigmentation in the anterior gingiva of Indian
people. JIndian Dent Assoc. 1964, 5:57-64.

Kamat KP: Correlation of certain oral habits and incidence of melanin pigmentation in gingival and oral
mucosa. Dissertation submitted to Bombay University; 1962.

Pal TK: Gingival melanin pigmentation. A clinical, optical and electron microscopic study . Dissertation
submitted to the University of Lucknow; 1980.

Hedin CA: Smokers melanosis. Occurrence and localization in the attached gingiva . Arch Dermatol. 1977,
113:1533-8. 10.1001/archderm.113.11.1533

van Wyk CW: Mouth pigmentation patterns in a group of healthy South African Bantu . S Afr Med J. 1970,
44:177-80.

Dummett CO, Sakumura JS, Barens G: The relationship of facial skin complexion to oral mucosa
pigmentation and tooth color. ] Prosthet Dent. 1980, 43:392-6. 10.1016/0022-3913(80)90207-3

Hedin CA, Axéll T: Oral melanin pigmentation in 467 Thai and Malaysian people with special emphasis on
smoker's melanosis. ] Oral Pathol Med. 1991, 20:8-12. 10.1111/j.1600-0714.1991.tb00879.x

Fry L, Almeyda JR: The incidence of buccal pigmentation in caucasoids and negroids in Britain . Br |
Dermatol. 1968, 80:244-7. 10.1111/j.1365-2133.1968.tb11966.x

Reade PC: Oral pigmentation in a group of Australian aborigines . ] Dent Res. 1962, 41:510-6.

Bolden TE: Histology of oral pigmentation. ] Periodontol. 1960, 31:361-4.

Oluwole DO, Elizabeth DB: Gingival tissue colour related with facial skin and acrylic resin denture base
colour in a Nigerian population. Afr ] Biomed Res. 2010, 13:107-11.

Raut RB, Baretto MA, Mehta FS, Sanjana NK, Shaurie KL: Gingival pigmentation: its incidence amongst the
Indian adults. JIndian Dent Assoc. 1954, 26:1-5.

Dummett CO: Clinical observations on pigment variations in healthy oral tissues of the Negro . ] Dent Res.
1945, 24:7-13. 10.1177/00220345450240010701

Dosumu OO0 and Dosumu EB: Gingival tissue color related with facial skin and acrylic resin denture base
color in a Nigerian population. Afr ] Biomed Res. 2010, 13:107-11.

2022 Verma et al. Cureus 14(10): €30699. DOI 10.7759/cureus.30699

10 of 11


https://dx.doi.org/10.4103/1305-7456.130640
https://dx.doi.org/10.4103/1305-7456.130640
https://dx.doi.org/10.1111/j.1600-051x.1997.tb01186.x
https://dx.doi.org/10.1111/j.1600-051x.1997.tb01186.x
https://dx.doi.org/10.1002/AJA.1000650102
https://dx.doi.org/10.1002/AJA.1000650102
https://dx.doi.org/10.1038/sj.bdj.4803188
https://dx.doi.org/10.1038/sj.bdj.4803188
https://dx.doi.org/10.1016/s0022-3913(78)80051-1
https://dx.doi.org/10.1016/s0022-3913(78)80051-1
https://pubmed.ncbi.nlm.nih.gov/14202808/
https://dx.doi.org/10.1002/aja.1000650102
https://dx.doi.org/10.1002/aja.1000650102
https://dx.doi.org/10.1902/jop.1971.42.11.726
https://dx.doi.org/10.1902/jop.1971.42.11.726
https://dx.doi.org/10.1177/00220345460250060201
https://dx.doi.org/10.1177/00220345460250060201
https://dx.doi.org/10.4103/JISPPD.JISPPD_192_17
https://dx.doi.org/10.4103/JISPPD.JISPPD_192_17
https://dx.doi.org/10.1093/oxfordjournals.jbchem.a127359
https://dx.doi.org/10.1093/oxfordjournals.jbchem.a127359
https://www.semanticscholar.org/paper/Evaluation-of-Prevalence-and-Severity-of-Gingival-Eaturi-Reddy/1cd728b75d861bd153fd524c80633f23b4f74d85
https://dx.doi.org/10.1016/0030-4220(65)90212-4
https://dx.doi.org/10.1016/0030-4220(65)90212-4
https://scholar.google.com/scholar?q=intitle:Normal pigmentation of oral mucosa
https://dx.doi.org/10.1111/j.1600-0528.1984.tb01436.x
https://dx.doi.org/10.1111/j.1600-0528.1984.tb01436.x
https://scholar.google.com/scholar?q=intitle:Pigmentation of the oral mucous membrane
https://dx.doi.org/10.1016/0030-4220(91)90325-7
https://dx.doi.org/10.1016/0030-4220(91)90325-7
https://scholar.google.com/scholar?q=intitle:Presence and distribution of melanin pigmentation in the anterior gingiva of Indian people
https://scholar.google.com/scholar?q=intitle:Correlation of certain oral habits and incidence of melanin pigmentation in gingival and oral mucosa
https://scholar.google.com/scholar?q=intitle:Gingival melanin pigmentation. A clinical%2C optical and electron microscopic study
https://dx.doi.org/10.1001/archderm.113.11.1533
https://dx.doi.org/10.1001/archderm.113.11.1533
https://pubmed.ncbi.nlm.nih.gov/5435599/
https://dx.doi.org/10.1016/0022-3913(80)90207-3
https://dx.doi.org/10.1016/0022-3913(80)90207-3
https://dx.doi.org/10.1111/j.1600-0714.1991.tb00879.x
https://dx.doi.org/10.1111/j.1600-0714.1991.tb00879.x
https://dx.doi.org/10.1111/j.1365-2133.1968.tb11966.x
https://dx.doi.org/10.1111/j.1365-2133.1968.tb11966.x
https://scholar.google.com/scholar?q=intitle:Oral pigmentation in a group of Australian aborigines
https://scholar.google.com/scholar?q=intitle:Histology of oral pigmentation
https://www.ajol.info/index.php/ajbr/article/view/95201
https://scholar.google.com/scholar_lookup?journal=J.A.I.D.A&title=Gingival+pigmentation:+Its+incidence+amongst+the+Indian+adults&author=RB+Raut&author=MA+Baretto&author=FS+Mehta&author=MK+Sanjana&author=KL+Shourie&volume=26&publication_year=1954&pages=9-10&
https://dx.doi.org/10.1177/00220345450240010701
https://dx.doi.org/10.1177/00220345450240010701
https://www.ajol.info/index.php/ajbr/article/view/95201

Cureus

32. Zimmerman AA, Becker SW: Precursors of epidermal melanocytes in the Negro foetus . Pigment Cell
Biology. Academic Press, New York; 1950.

33. Patel A, Sehturaman R, Patel ], Prajapati P, Naveen YG: A correlation of skin colour with amount and
pattern of gingival tissue pigmentation in Indian subjects: an observational study. Eur ] Dent Ther Res.
2015, 4:246-51.

2022 Verma et al. Cureus 14(10): €30699. DOI 10.7759/cureus.30699 11 of 11


https://scholar.google.com/scholar?q=intitle:Precursors of epidermal melanocytes in the Negro foetus
https://scholar.google.com/scholar?q=intitle:A correlation of skin colour with amount and pattern of gingival tissue pigmentation in Indian subjects%3A an observational study

	Reconnoitering the Association of Gingival Melanin Pigmentation With Skin Color, Age, and Sex in Pre-School Children of Hazaribag: A Cross-Sectional Study
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion
	Clinical significance

	Introduction
	Materials And Methods
	Statistical analysis

	Results
	TABLE 1: Total gingival melanin pigmentation in relation with age
	TABLE 2: Gingival melanin pigmentation in relation to gender
	TABLE 3: Gingival pigmentation in relation to skin tone
	TABLE 4: Gingival melanin pigmentation of the maxillary anterior region in relation to age
	TABLE 5: Gingival melanin pigmentation of the maxillary posterior region in relation to age
	TABLE 6: Gingival melanin pigmentation of the mandibular anterior region in relation to age
	TABLE 7: Gingival melanin pigmentation of the mandibular posterior region to age

	Discussion
	Gingival melanin pigmentation and age
	Gingival pigmentation and racial differences
	Gingival melanin pigmentation and gender
	Gingival melanin pigmentation and anatomical locations
	Gingival melanin pigmentation and skin tone

	Conclusions
	Additional Information
	Disclosures

	References


