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RESEARCH WORK

ABSTRACT

Objective: To evaluate the degree of perception among lay people of different age 
groups about black spaces between lower incisors. Methodology: digital changes 
were performed in a frontal photograph of a smiling 30 year-old patient, simulating 
different dimensions of black spaces. The images were printed on photographic paper 
and applied with a questionnaire in order to evaluate the attractiveness using as tool a 
visual analogue scale (VAS). The participants were divided into 6 groups, considering 
race (Caucasian and Negroid) and age (15-19 years, 35-44 years and 65-74 years old). 
The differences between the examiners were checked by the Mann-Whitney test and 
the significance level was 5% (α = 0.05) for all analyzes. Results: The photographs 
that did not have black spaces were better graded and the ones that had larger black 
spaces scored worse. The older age group and the Negroid race group graded better 
the photograph with the largest black spaces, compared to the younger age groups 
and the group of Caucasians. Conclusion: black spaces between lower incisors are 
esthetically unattractive and their perception decreases with aging, besides being less 
relevant to older and Negroid people.
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Aesthetic perception of black spaces between lower incisors 
by laypeople of different ethnicities and age groups.

Guilherme Nunes de Carvalho1, Manoela de Melo Barreto1, Eliclene Campos Macêdo1, Lázaro da Silva 
Pereira1, Hanna Louise Dionísio Ribeiro1, Raildo da Silva Coqueiro2, Matheus Melo Pithon2*

INTRODUCTION

The aesthetics of the smile causes disagreement among many 
people, because of its degree of subjectivity and differences in tastes and 
opinions(1). The smile plays a key role in facial attractiveness, performing 
an important function in terms of non-verbal communication and self-
esteem of the individual(2 - 4).

However, there are some issues that affect the quality of the smile 
and can induce the formation of black spaces or triangles(5). These 
are the result of a lack of interdental papilla, with as potential causes: 
the dimensional changes of the papilla during orthodontic alignment, 
the presence of diastema, tooth loss due to caries, periodontal loss 
consequential of recession, loss of alveolar bone height in relation to the 
interproximal contact, inadequate brushing habits, angulation of the roots 
and crowns with a excessively triangular format(5 - 8).

Findings in orthodontic literature show that the appearance of the smile 
has gained importance nowadays. The orthodontist as a professional 
dealing with the function and aesthetics of the smile must seek guidance 
as to what is suitable and attractive for their patients. So, orthodontists 
should be able to use these data to resolve the problems that afflict 
their patients. Black spaces can reverberate negatively on the smile, as 
is suggested by a study that evaluated the aesthetic perception of their 
presence between superior incisors(7).

One of the consequences of aging, on the smile, is a higher exhibition 
of the lower teeth and less exposure of the superior teeth(9). Exposure of 
the lower teeth when smiling can reveal already existing black spaces. In 
this context, the question is: Do these black spaces in the lower anterior 
teeth have a negative impact on the perception of the smile? This question 
becomes more relevant today because of the growing number of adult 

patients in orthodontic offices.
Based on this precept, the proposal of the authors of this study was 

to evaluate the degree of perception among lay people of different 
age groups about black spaces between lower incisors regarding the 
aesthetics of the smile.

METHODOLOGY

To carry out this study, an intraoral frontal image of a patient with 
normal occlusion in all the teeth was used. The used photograph was 
captured with a digital camera (Canon Rebel XTi, Tokyo, Japan) mounted 
on a tripod and with controlled illumination. The real photograph, in which 
only the teeth and gums could be seen, was manipulated with the aid of a 
software for image manipulation (Adobe Photoshop CS3, Adobe Systems 
Inc, San Francisco, CA), keeping the upper arch without any changes.

Changes were made in order to produce black spaces of various 
sizes at the anterior-inferior arch. Eight images were obtained, produced 
with and without the presence of black spaces, increasing their interval 
proportion between the images. The images consisted then of a 
photograph without black space and the others with black spaces of 0.5 
mm, 1.0 mm, 1.5 mm, 2.0 mm, 2.5 mm, 3.0 mm and 3 5 mm.

The images were printed on photographic paper, grouped and 
numerated and individually placed, arranged in a folder. A questionnaire 
that measured the images’ degree of attractiveness by the evaluator was 
applied. The evaluator would first have to classify the eight images in 
descending order of attractiveness. In a second sheet, the order of the 
same images was altered, numerated again. This second evaluation 
was used to assess the degree of reliability of the answers given by the 
evaluators in the first round of evaluations.
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Following the evaluations, the images were printed on separate sheets 
and attached to a visual analogue scale (VAS) with gradation from 0 to 
10, where 0 meant not very attractive, 5 attractive and 10 very attractive. 
All evaluators were advised not to compare the images and had a time 
interval of 60 seconds to give a value to each one of them.

The participants were divided into 6 groups, considering race 
(Caucasian and Negroid) and age groups (15-19, 35-44 and 65-74 as 
recommended by the World Health Organization - WHO).

The sample size calculation was performed using nQueryAdviser 
(version 6.01, statistical Solutions, Cork, Ireland). According to the pilot 
study, the effect size was estimated to be 0.975. Based on the alpha 
significance level of 0.05, the sample size was calculated to be able to 
achieve 80%. The sample size calculation showed that the sample should 
be between 45 to 90 individuals. Therefore, we used 50 subjects per 
group. Thus, 50 Caucasian individuals 15 to 19, 50 Negroid individuals 15 
to 19, 50 Caucasian individuals aged 35 to 44, 50 Negroid people aged 
35 to 44, 50 Caucasian subjects 65 to 74 and 50 Negroid subjects 65 to 
74 were surveyed.

Statistical procedure
The responses’ frequencies were compared according to gender, age 

group and race, by means of the chi-square test. In cases where the 
expected frequency was less than five (n < 5), we used Fisher’s exact test. 
The scores of each photograph were compared between the age groups 
using the Kruskal-Wallis test and paired comparisons were performed 
using the Mann-Whitney test. The mean scores of each photograph were 
calculated for each gender, age group and race to determine Spearman’s 
correlation coefficients to assess the similarity between the perceptions 
of each group. Significance level of 5 % (α = 0.05) for all analyses was 
adopted. Data were analyzed with PASW Statistics for Windows (IBM 
SPSS 21.0, 2012, Armonk, NY: IBM Corp.).

RESULTS

The study included 300 evaluators, equally distributed according to 
age group (15-19 = 100, 35-44 = 100 and 65-74 = 100) and race (Negroid 
people = 150 and Caucasian people = 150). The distribution by gender 
was: 141 (47 %) men and 159 (53 %) women.

Among the evaluators of the study, 236 (78.7 %) were able to 
notice differences between the photographs displayed both in image 1 
(containing the photographs randomly organized, shown in Figure 2) 
as in image 2 (which contained the photographs randomly rearranged, 
demonstrated in Figure 2), with no significant difference between gender 
(p = 0.095) and race (p = 1.000); an larger frequency of evaluators in 
the younger age groups (15-19 and 34-44) was able to notice difference 
between the photographs shown in images 1 and 2, compared to the 
older age group (Figure 1).

In Table 1, the perception of the research evaluators on preferences in 
relation to the photographs displayed in image 1 (containing the randomly 
organized photographs, shown in Figure 2) is presented, according to 
gender, age group and race. Significant differences were observed 

about the proportions: between genders for the answer on the worse 
photograph; between age groups, both for the answer of which was the 
best photograph as to the answer about which was the worst; and between 
ethnicities, for the answer about the best photograph. Data indicate that 
the frequency of evaluators who liked photograph 1 less (which featured 
black spaces of 3.0 mm) was higher among men than among women, 
the frequency of evaluators that liked more photograph 4 (which had no 
black spaces) and less photograph 8 (which had larger black spaces) was 
higher in the age group of 15-19 and decreased progressively in the older 
age groups (35-44 and 65 74). The frequency of evaluators who liked 
photography 7 more (which featured black spaces of 0.5 mm) was greater 
among Caucasian evaluators than among Negroid ones.

Table 2 shows the perception of the evaluators of the research 
regarding preferences in relation to the photographs displayed in image 2 
(which contained the photographs randomly rearranged, shown in Figure 
2), according to gender, age group and race. Significant differences were 
observed in the proportions: between age groups, both for the answer 
on the best photograph as about the worst photograph, and between 
races, on the answer about the worst photograph. Data indicate that: the 
frequency of evaluators that liked more of photograph 5 (which had no 
black spaces) and less photograph 8 (which had larger black spaces) 
was higher in the 15-19 age group and decreased progressively in older 
age groups (35-44 and 65 74). The frequency of evaluators that liked 
more photograph 8 was higher among Caucasian evaluators than among 
Negroid ones.

According to the average aesthetic scores, photograph 4 (which had 
no black spaces) was elected the most attractive, while photograph 8 
was elected the least attractive (Table 3). According to the Mann-Whitney 
test, there was no significant difference between the genders (p > 0.05 
for all the photographs) in the scores assigned by the evaluators of the 
study. However, differences between the age groups were observed for 
photograph 4 (which had no black spaces), 7 (which had black spaces of 
0.5 mm) and 8 (which had larger black spaces)) and between ethnicities 
(for photograph 8 which had larger black spaces). The paired comparisons 
showed that: Evaluators of the 35-44 age group graded better photograph 
4 (which had no black spaces), compared to evaluators of the 15-19 and 
65-74 age groups.  Evaluators of the two younger age groups (15-19 and Figure 1. Perception of the evaluators regarding the differences in the 

shown images.

Figure 2. Modified photographs simulating different dimensions of black 
spaces. (a) 0.5 mm, (b) 1.0 mm, (c)  1.5 mm, (d) 2.0 mm, (e) 2.5 mm, (f) 
3.0 mm and (g) 3 5 mm
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Variables
Photograph that I like most*

p-value
1 2 3 4 5 6 7 8

Gender

Male 2 (1,9%) 5 (4,8%) 9 (8,6%) 49 (46,7%) 12 (11,4%) 6 (5,7%) 18 (17,1%) 4 (3,8%)
0,067

Female 1 (0,8%) 8 (6,1%) 22 (16,8%) 66 (50,4%) 4 (3,1%) 12 (9,2%) 14 (10,7%) 4 (3,1%)

Age group

15-19 1 (1,0%) 7 (7,2%) 7 (7,2%) 60 (61,9%) 3 (3,1%) 4 (4,1%) 14 (14,4%) 1 (1,0%)

< 0,00135-44 0 (0,0%) 1 (1,1%) 18 (20,0%) 46 (51,1%) 3 (3,3%) 4 (4,4%) 14 (15,6%) 4 (4,4%)

65-74 2 (4,1%) 5 (10,2%) 6 (12,2%) 9 (18,4%) 10 (20,4%) 10 (20,4%) 4 (8,2%) 3 (6,1%)

Ethnicity

Black 1 (0,8%) 4 (3,4%) 17 (14,4%) 57 (48,3%) 8 (6,8%) 12 (10,2%) 11 (9,3%) 8 (6,8%)
0,018

White 2 (1,7%) 9 (7,6%) 14 (11,9%) 58 (49,2%) 8 (6,8%) 6 (5,1%) 21 (17,8%) 0 (0,0%)

photograph that I like least*
Gender

Male 20 (19,0%) 2 (1,9%) 0 (0,0%) 5 (4,8%) 2 (1,9%) 2 (1,9%) 5 (4,8%) 69 (65,7%)
0,033

Female 17 (13,0%) 3 (2,3%) 6 (4,6%) 0 (0,0%) 5 (3,8%) 6 (4,6%) 5 (3,8%) 89 (67,9%)

Age group

15-19 7 (7,2%) 2 (2,1%) 2 (2,1%) 0 (0,0%) 3 (3,1%) 4 (4,1%) 2 (2,1%) 77 (79,4%)

< 0,00135-44 20 (22,2%) 1 (1,1%) 1 (1,1%) 0 (0,0%) 2 (2,2%) 3 (3,3%) 2 (2,2%) 61 (67,8%)

65-74 10 (20,4%) 2 (4,1%) 3 (6,1%) 5 (10,2%) 2 (4,1%) 1 (2,0%) 6 (12,2%) 20 (40,8%)

Ethnicity

Black 20 (16,9%) 5 (4,2%) 3 (2,5%) 1 (0,8%) 5 (4,2%) 4 (3,4%) 8 (6,8%) 72 (61,0%)
0,061

White 17 (14,4%) 0 (0,0%) 3 (2,5%) 4 (3,4%) 2 (1,7%) 4 (3,4%) 2 (1,7%) 86 (72,9%)
* Only the individuals who perceived differences between the images responded.

Table 1: Perception of the evaluators regarding their preferences about the photographs presented in image 1, according to gender, age group and ethnicity. 

Table 2: Perception of the evaluators regarding their preferences about the photographs presented in image 2, according to gender, age group and ethnicity. 

Variables
Photograph that I like most*

p-value
1 2 3 4 5 6 7 8

Gender

Male 16 (15,2%) 10 (9,5%) 19 (18,1%) 7 (6,7%) 46 (43,8%) 5 (4,8%) 1 (1,0%) 1 (1,0%)
0,286

Female 26 (19,8%) 9 (6,9%) 21 (16,0%) 2 (1,5%) 61 (46,6%) 7 (5,3%) 0 (0,0%) 5 (3,8%)

Age group

15-19 15 (15,5%) 4 (4,1%) 12 (12,4%) 3 (3,1%) 57 (58,8%) 3 (3,1%) 0 (0,0%) 3 (3,1%)

< 0,00135-44 18 (20,0%) 3 (3,3%) 17 (18,9%) 1 (1,1%) 43 (47,8%) 6 (6,7%) 0 (0,0%) 2 (2,2%)

65-74 9 (18,4%) 12 (24,5%) 11 (22,4%) 5 (10,2%) 7 (14,3%) 3 (6,1%) 1 (2,8%) 1 (2,0%)

Ethnicity

Black 20 (16,9%) 11 (9,3%) 24 (20,3%) 5 (4,2%) 44 (37,3%) 10 (8,5%) 1 (0,8%) 3 (2,5%)
0,080

White 22 (18,6%) 8 (6,8%) 16 (13,6%) 4 (3,4%) 63 (53,4%) 2 (1,7%) 0 (0,0%) 3 (2,5%)

Photograph that I like least*
Gender

Male 4 (3,8%) 4 (3,8%) 0 (0,0%) 4 (3,8%) 7 (6,7%) 7 (6,7%) 6 (5,7%) 73 (69,5%)
0,605

Female 3 (2,3%) 3 (2,3%) 0 (0,0%) 7 (5,3%) 10 (7,6%) 6 (4,6%) 16 (12,2%) 86 (65,6%)

Age group

15-19 1 (1,0%) 2 (2,1%) 0 (0,0%) 4 (4,1%) 3 (3,1%) 2 (2,1%) 5 (5,2%) 80 (82,5%)

< 0,00135-44 1 (1,1%) 3 (3,3%) 0 (0,0%) 5 (5,6%) 6 (6,7%) 2 (2,2%) 12 (13,3%) 61 (67,8%)

65-74 5 (10,2%) 2 (4,1%) 0 (0,0%) 2 (4,1%) 8 (16,3%) 9 (18,4%) 5 (10,2%) 18 (36,7%)

Ethnicity

Black 7 (5,9%) 6 (5,1%) 0 (0,0%) 5 (4,2%) 9 (7,6%) 8 (6,8%) 10 (8,5%) 73 (61,9%)
0,039

White 0 (0,0%) 1 (0,8%) 0 (0,0%) 6 (5,1%) 8 (6,8%) 5 (4,2%) 12 (10,2%) 86 (72,9%)
*Only the individuals who perceived differences between the images responded.

Aesthetic perception of black spaces between lower incisors by laypeople of different ethnicities and age groups.
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35-44) graded better photograph 7 (which had black spaces of 0.5 mm), 
compared to evaluators of the 65-74 age group. Evaluators of the 65-74 
age group graded better photograph 8, compared to evaluators of the 
two younger age groups (Figure 3). Regarding race, it was observed that 
Negroid evaluators graded better photograph 8 (which had larger black 
spaces), compared to Caucasian ones (Figure 4).

Strong positive correlation was found between the mean scores of the 
male and female evaluators (rspearman = 0.98, P < 0.001). For the mean 
scores of the age groups (15-19 vs. 35-44, 15-19 vs. 65-74 and 35-44 vs. 
65-74) and the race groups (Negroid vs. Caucasian) perfect correlations 
for all pairs were found (p < 0.01 rspearman = 1.00).

DISCUSSION

The increasing search for a pleasing aesthetics results from the current 
demands of society, exerting direct influence on dental treatments and 
especially orthodontic treatments(10). Therefore, improving the aesthetics 
of the smile becomes the main objective of the patients seeking dental 
treatment(11). Thus, thanks to divergent opinions between professionals 
and patients about the aesthetics of the smile and taking into account the 
subjectivity of this concept, practitioners must ensure that the results meet 
the patients’ expectations(1,2,7,8,12-14).

In this context, black spaces - caused by the presence of diastemata, 
tooth loss due to caries, lack of interproximal contact, changes in gingival 
papilla during orthodontic treatment and loss of alveolar bone tissue - may 
affect the aesthetic perception of the smile(5 - 8).

In this perspective, the aim of this study was to evaluate the perception 
of laypeople about the lower anterior black spaces, considering different 
age groups, gender and race.

The method consisted of using a photograph of a patient’s smile with 
normal occlusion and presence of all teeth, simulating different sizes 
of black spaces between the anterior teeth through modification by a 
computer program. Eight photographs were obtained with sizes of black 
spaces varying from 0 to 3.5 mm and 0.5 mm interval for each image.

A questionnaire divided in three parts was used. In the first part, the 
study participants rated the pictures in order of attractiveness; in the 
second, the images were adjusted and the evaluators reclassified them; 
finally, the figures were shown individually and the evaluators attributed 
grades from 0 to 10, knowing that 0 was considered hardly attractive, 5 
attractive and 10 very attractive.

The methodology used was similar to previous studies of aesthetic 
perception of the smile(1,2,7,15-19), being simple, economic and of rapid 
development, although effective in judging the aesthetic perception of the 
black spaces.

One of the limitations of the methodology was the possible influence 
of the enunciation of the questionnaire itself in the judgment of the 
evaluators. Thich was mitigated by the double use of the images and 
by the assignment of scores on individual photographs, increasing the 
degree of reliability. Moreover, the classification in age groups, gender 
and race helped understanding the influence of these variables on the 
perception of these black spaces.

Higher exposure of the lower teeth when smiling is common with aging 
and this can also expose existing black spaces in the lower anterior teeth. 
Because of this, coupled with the increasing number of adult patients 
seeking orthodontic treatment, it is important to assess the influence that 
the black spaces in the anterior lower teeth can have on the aesthetics of 
the smile both in younger such as older age groups.

In this study, of the 300 participant evaluators, 78.7 % were able 
to note the differences between the pictures both in the first image 
(containing randomly arranged photographs, shown in Figure 2) and the 
second image (containing the photographs randomly rearranged, shown 
in figure 2), with no influence of gender and race factors and having the 
oldest age group (65-74) managed to notice less the differences between 
the displayed photographs.

In regard to the first image (containing the randomly arranged 
photographs, shown in Figure 2) the frequency of evaluators who 
considered photograph 4 (which had no black spaces) as the most 
attractive and 8 (which had larger black spaces) as least attractive was 
higher in the younger age group (15-19) and underwent regression in 
the older age groups (35-44 and 65-74). Still, in image 2 (containing the 
randomly rearranged photographs, shown in Figure 2), photograph 5 
(which had no black spaces) was regarded as the most attractive and 8 
(which had larger black spaces) was the least attractive, with a progressive 
frequency reduction from the younger age group to the older ones.

Relative to the average scores from the individual photographs, 
photograph 4 (which had no black spaces) was considered the most 
attractive and 8 (which featured larger black spaces) the least attractive 
one. The evaluators of the 65-74 age group and the Negroid evaluators 
graded better photography 8 compared respectively to the younger age 
groups and to Caucasian evaluators.

Figure 3. Mean scores ± standard deviation attributed to the photographs, 
according to age groups. A, photograph 4; B, photograph 7; C, photograph 
8; p < 0,05 for the three photographs (Kruskal-Wallis test).
a,b Values with different superscript letters are significantly  different 
(Mann-Whitney test).

Figure 4. Mean scores ± standard deviation attributed to photograph 8, 
according to ethnicity. *Mann-Whitney Test *p = 0.042

Table 3: Descriptive statistics of the photographs’ scores attributed by the 
evaluators of the study.

Photographs Mean Standard 
deviation Minimum Maximum

Photograph 1 
(3,0 mm BS*) 4,43 2,37 0,00 10,00

Photograph 2 
(2,0 mm BS*) 5,10 1,97 0,00 10,00

Photograph 3 
(1,0 mm BS*) 6,48 1,82 2,00 10,00

Photograph 4 
(No BS*) 7,65 1,81 0,00 10,00

Photograph 5 
(2,5 mm BS*) 4,89 2,06 0,00 10,00

Photograph 6 
(1,5 mm BS*) 5,88 1,82 1,00 10,00

Photograph 7 
(0,5 mm BS*) 7,27 1,90 0,00 10,00

Photograph 8 
(3,5 mm BS*) 3,32 2,46 0,00 10,00

* BS = Black spaces

Pithon M. y cols.Int. J. Inter. Dent Vol. 16(3); 201-205, 2023
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In a study that assessed the perception of some characteristics 
of the smile, black spaces were regarded as the most aesthetically 
unfavorable(1).

In other studies that analyzed the aesthetic perception of black 
spaces(2,7), they were perceived by the majority of the studied population. 
In one of them(7), the age group variable was also considered and the 
perception of black spaces also decreased with aging.

These findings corroborate the obtained results and conclude that 
black spaces have negative impact on the aesthetics of the smile, 
and should be considered by professionals when aspiring to fulfill the 
expectations of the patient.

The orthodontist must then be aware of the possible occurrence of 
these defects and, whenever possible, utilize resources to eliminate the 
black spaces (such as interproximal wearing of the teeth with triangular 
crowns before closing the spaces), as well as mitigation of dental 
inclinations to mesial when gluing orthodontic accessories, as they were 
considered aesthetically unpleasant at all ages, ethnicities and genders.

CONCLUSION

It is concluded with the completion of this study:
Black spaces have negative repercussions on smile aesthetics in all 

evaluated age groups, genders and ethnicities.
- This perception reduces progressively with aging, with younger age 

groups having a more critical assessment on this issue;
- The negative influence of black spaces also proved to be more 

relevant in individuals of Negroid race and older age groups than in 
Caucasians and in younger age groups.
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