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Relationships between perception 
of black triangles appearance, 
personality factors and level 
of education
Mahmoud K. AL‑Omiri 1,2*, Danial Waleed Ahmad Atieh 3, Abdullah A. Al Nazeh 4, 
Salem Almoammar 4, Saeed Awod Bin Hassan 5, Abdulkhaliq Ali F. Alshadidi 6, 
Lujain Ibrahim N. Aldosari 7, Ahmad Aljehani 8, Naji M. Shat 9 & Edward Lynch 10

This analytical cross-sectional study evaluated the perception of black triangles (BT) and examined the 
relationships between the perception of BT, personality factors, different educational backgrounds 
and demographic factors. 435 participants were included and divided into four groups: dentists, 
clinical (4th and 5th year) dental students, pre-clinical (3rd year) dental students, and laypeople. 
Participants’ perception of the attractiveness of smile profiles of maxillary and mandibular anterior 
dentition with BT was rated using a ten-point VAS scale with 0 being the least, and 10 being the most 
attractive smile profile. The personality was assessed using the NEO-FFI personality questionnaire. 
The smile profile with multiple large BT was rated the least attractive for the maxillary (mean = 3.6) 
and mandibular (mean = 3.9) tested profiles. The smile profile without BT was rated the most attractive 
for the maxillary (mean = 9.1) and mandibular (mean = 8.8) tested profiles. The dental professionals 
perceived the maxillary smile profile with multiple large BT as less attractive than the non-dental 
participants (t = − 2.715, P = 0.007). Being a male, having dental education, having lower Neuroticism 
scores, as well as having higher Openness, Agreeableness, Conscientiousness, and Extraversion scores 
predicted and contributed more towards perceiving various tested smile profiles as more attractive. 
These findings show that black triangles negatively impacts the perception of smile attractiveness, 
and that personality traits and having dental education impact the perception of smile attractiveness 
for smiles with black triangles.

Keywords  Black triangles, Interdental papillae, Gingival embrasure, Appearance, Personality, NEO-FFI, 
Satisfaction, Perception, Smile

With an orientation focused solely on the teeth, the importance of the gingival component for an esthetic smile 
is not to be overlooked1. Although gingival esthetics still represents a fundamental part of an esthetic smile2,3, 
few studies have assessed the perception of altered gingival esthetics, and a proper understanding of this aspect 
is required4–6. However, perception of esthetics is a complicated dynamic phenomenon affected by multiple 
dimensions including geographic, demographic and psychological factors, amongst others7–9.

When the interdental gingival papilla tissue is lost, a triangular space is formed between the dentition that 
is known as open gingival embrasures or black triangles10,11. This leads to speech issues, esthetic concerns, food 
impaction12,13, as well as hindering of proper plaque control14.
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Black triangles might have a considerable effect on the attractiveness of the smile, and were perceived as the 
worst among many studied esthetic factors5,15,16. However, some researchers found that laypeople and periodon-
tists appraised the inflamed gingiva as worse than black triangles6. Furthermore, the presence of black triangles 
was rated amongst the top three most disliked esthetic problems17. Also, the worst perceived position of the black 
triangles was between the central incisors6.

Additionally, dental professionals might be more critical in their assessment of the smile and dental esthetics 
than laypeople4,6,18–26, and this may be because of the idealism posed by their dental education9. Also, dental 
specialists were more critical of the interdental papillary length than the patients, and considered black triangles 
as less attractive than non specialists or laypeople18,20,27. Also, females and younger patients were more critical 
of black triangles than males and older patients28,29. It follows that how people perceive esthetics is determined 
by several factors including their social and cultural factors, age, gender and education27,30. Besides, personality 
factors have been found to be associated with several dental conditions and treatments31–34.

To the best of our knowledge, the literature contains no studies relating the personality factors to the esthetic 
perception of black triangles, especially when using comprehensive personality assessment tools. In addition, the 
literature lacks studies that explore this relationship amongst different study groups including dentists, clinical 
dental students, preclinical dental students and laypeople. Furthermore, the esthetic perception of black triangles 
in the mandibular arch has not been investigated in previous studies.

Considering the scarcity of studies on the perception of gingival esthetics, this study was conducted to look 
into the relationship between the perception of black triangles, personality profiles and the different educational 
backgrounds. This could add further guidance to better understanding of the factors involved in the perception 
of black triangles significance.

The aim of the current study was to identify the relationship between the perception of black triangles, per-
sonality profiles, educational background and demographic factors (age, gender, marital status, monthly income 
and living place) among dental students, dentists, and laypeople.

The null hypothesis for this study was that there is no relationship between the perception of black triangles, 
personality profiles, educational backgrounds and demographic factors.

Materials and methods
Study design and population
This observational, cross-sectional descriptive investigation received the ethical approval from the Institutional 
Review Board (IRB) of the University of Jordan (Reference number: 19-2022-238 dated 17-4-2022). It was carried 
out between June 2022 and October 2022 in the University of Jordan following the guidelines of the Helsinki 
Declaration (9th version, 2013). The participants were requested to provide a signed written informed consent 
before participation.

A non-probability, convenient, and purposive sampling was used in this study. The participants were invited, 
and then approached and recruited whilst they were attending their clinics (4th and 5th year dental students), 
laboratories (3rd year pre-clinical dental students), offices (employees) and practices (dentists).

Four hundred and fifty participants were invited to participate in this study, and 435 responded and were 
recruited (response rate = 96.7%). The study participants comprised 4 groups including 3rd year preclinical dental 
students, 4th and 5th year clinical dental students, dentists and laypeople.

The participants were included if they did not have a history of debilitating disease or mental disorders, able 
to comprehend the questionnaire or able to provide a signed informed consent. Also, dentists were included if 
they were currently registered in the Jordan Dental Association and currently practiced dentistry.

Participants with any history of mental disorders or debilitating disease were excluded. Also, non-registered 
and/or non practicing dentists were excluded.

Study instruments and procedures
After screening and inclusion, the participants’ demographic data including age, gender, place of residence, 
marital status, income, educational background, level of education and experience for dentists were gathered 
and recorded.

Then, the participants’ perception of smiles with black triangles present between the anterior dentition in the 
maxilla and the mandible was recorded by requesting the participants to rate their perception of the attractive-
ness of the smile in 10 images (5 maxillary and 5 mandibular) of anterior dentitions (Fig. 1). A visual analogue 
scale (VAS) from 0 to 10 was utilized for this purpose, where 0 indicates the least attractive and 10 denotes the 
most attractive.

The rated images were modified photographs of a smile of a female student who provided a signed written 
informed consent before using the images for this study.

In order to generate the images, the photographs were taken using a digital camera (EOS 90D DSLR, Canon), 
equipped with a macro lens, and a ring flash with the following settings: f 22, 1:200 speed, ISO 100, a magnifica-
tion of 1:3, and a flash power of 1/2. The photos were then imported into a digital image processing software 
(Photoshop CC 2021, Adobe Systems, San Jose, California), and altered so that the nose, chin, lips and the hue 
were removed to account for the potential confounding variables. A set of teeth template was used for the maxil-
lary arch and adjusted to fit the arch in order to further idealize the teeth. Next, small and large black triangles 
with rounded edges were made using the polygon tool and their dimensions measured after having resized the 
images and by comparison with the clinical measurements made generating a small black triangle (1 mm × 1 
mm) and a large black triangle (2.5 mm × 1.5 mm). As the tooth dimensions of the maxillary anterior teeth were 
larger than the mandibular ones, a slightly larger (2.5 mm × 2 mm) black triangle dimension was used between 
the maxillary teeth. Then, the images were reviewed by 3 experienced prosthodontists for their suitability to use 
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in this study. Finally, the following images (Fig. 1) of the maxillary and mandibular arches were produced and 
arranged in a random order:

Maxillary dentition images:
Image 1: Smile with multiple large black triangles.
Image 2: Smile with single small central black triangle.
Image 3: Smile without black triangles.
Image 4: Smile with single large central black triangle.
Image 5: Smile with multiple small black triangles.
Mandibular dentition images:
Image 1: Smile with single small central black triangle.
Image 2: Smile without black triangles.
Image 3: Smile with multiple large black triangles.
Image 4: Smile with multiple small black triangles.
Image 5: Smile with single large central black triangle.
Finally, the participants’ personality factors were assessed via the NEO-FFI35, which measures the five main 

personality dimensions: Neuroticism, Extraversion, Openness, Agreeableness and Consciousness. It consists 
of sixty questions that are answered based on a 5-point Likert scale ranging from ‘strongly agree’ to ‘strongly 
disagree’. The values of the answers to the NEO-FFI items range from 1 to 5 for each item based on the individual 
item and the respective dimension. For further information on each individual item and the respective value of 
its answer, please consult the NEO-FFI manual by Costa and McCrae 199235.

Study outcome measures and predictors
The main outcome measures for this study were perceptions of black triangles amongst the study sample. The 
predictors were the participants’ personality scores, level of education, and demographic variables (age, gender, 
marital status, monthly income and living place).

To assess the reliability of rating the attractiveness of the tested maxillary and mandibular smile images, forty 
participants (ten from each group) were asked to rank the pictures twice with a one-week interval between the 
two assessments. In this regard, the intra-class correlation coefficient ranged between 0.896 and 0.989 for the 
tested maxillary images, and between 0.770 and 0.973 for the tested mandibular images, indicating an adequate 
reliability.

Figure 1.   The tested maxillary and mandibular smile images in this study.
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Statistical analyses
The statistical work for this investigation was performed using the Statistical Package for Social Sciences (IBM 
SPSS Statistics v23.0; IBM Corp., USA). The data was tested for normal distribution and the suitable statistical 
analysis tests were used accordingly. The descriptive statistics was computed for the different variables accord-
ing to the type of data where the continuous data was described as means, standard errors, standard deviations 
and confidence intervals, meanwhile the categorical data was described as medians, frequencies, percentages, 
minimum, maximum and interquartile ranges.

Inferential statistics for parametric variables involved correlation tests between different variables using the 
Pearson’s r test and the Point biserial correlation (r). It also involved comparison tests for differences between 
groups using the independent student t-test for two-group comparison and the one-way analysis of variance 
(ANOVA) test for comparison between more than two groups. The ANOVA was followed by the Scheffe Post hoc 
test analysis to compare between each two groups. Moreover, hierarchical multivariate linear regression analysis 
was performed to look for predictors of the perception of black triangles utilizing different independent variables 
including the demographic and personality factors. The significance level was set as two-tailed with P < 0.05 and 
a 95% confidence intervals for all the analyses performed.

A priori power analysis was conducted to determine the appropriate sample size using the G*power program 
(version 3.1.9.7, Heinrich-Heine University, Germany). The ANOVA test was selected in the software, and the 
following input parameters were entered to the software: an effect size of 0.25 based on a previous study6, an α 
probability error of 0.05, a power (1 − β) of 0.80 and a total of 4 groups. This resulted in a minimum estimated 
sample size of 180 participants. Extra participants were invited to participate in this study to compensate for 
participants who might potentially decline, drop out or return incomplete data that cannot be used. Therefore, 
450 participants were invited to participate in this study in an attempt to decrease the chance for random error 
which makes the results more reliable and more representative of the population, especially that this would 
not cause extra costs and would be easily manageable by the research team. In total, 5 individuals declined to 
participate and 435 participants responded and were recruited (response rate = 96.7%). Also, none of the 435 
recruited participants was excluded later.

Results
The data from 435 participants (136 males (31.3%) and 299 females (68.7%)) were included and analyzed in 
this study. The participants’ age ranged between 18 and 78 years old (mean ± SD = 28 ± 10 years old, 95% CI 
27–29 years).

Table 1 presents the distribution of the demographic data and variables among the study participants. They 
were distributed into 4 groups: dentists (n = 110), clinical (4th and 5th year) dental students (n = 110), pre-clinical 
(3rd year) dental students (n = 104) and laypeople (n = 111) (Table 1).

Personality scores amongst the study population
Table 2 demonstrates the distribution of personality traits amongst the total study sample as well as each study 
group. The mean scores were 20 (SD = 6) for Neuroticism, 28 (SD = 5) for Extraversion, 24 (SD = 5) for Open-
ness, 27 (SD = 4) for Agreeableness and 33 (SD = 7) for Conscientiousness personality factor. Male participants 
scored lower on Neuroticism among the total study sample (t = − 3.241, P = 0.001) as well as amongst the clini-
cal dental students (t = − 4.255, P < 0.001) and the pre-clinical dental students (t = − 2.399, P = 0.018). Also, the 
males scored lower on Agreeableness amongst the total study sample (t = − 4.358, P < 0.001) as well as amongst 
the dentists (t = − 2.494, P = 0.014), the clinical dental students (t = − 3.122, P = 0.002), and the pre-clinical dental 
students (t = − 2.099, P = 0.038). In addition, the males scored higher on Extraversion within the laypeople group 
(t = 2.054, P = 0.042).

Perception of the attractiveness of the tested smile images amongst the study population
Table 3 presents the descriptive statistics and group differences of the participants’ perceptions and rankings 
(scale scores) of the attractiveness of the tested maxillary and mandibular smile images amongst the study 
population. The highest mean attractiveness score was recorded for the maxillary (9.1 ± 1.4) and mandibular 
(8.8 ± 1.5) images with no black triangles, whilst the lowest mean attractiveness scores were recorded for the 
maxillary (3.6 ± 2.2) and mandibular (3.9 ± 2.2) images with multiple large black triangles. Significantly different 
perception of smile attractiveness between groups was reported for maxillary images with a single small central 
black triangle and multiple large black triangles (P < 0.05, Table 3). Further comparisons using Scheffe Post hoc 
test revealed that pre-clinical (3rd year) dental students perceived the maxillary smile images with single small 
central black triangle as less attractive than the dentists (mean difference = − 0.675, P = 0.036) and the laymen 
(mean difference = − 0.853, P = 0.004). Additionally, the clinical (fourth and fifth year) dental students perceived 
the maxillary smile images with multiple large black triangles as less attractive than the laypeople (mean differ-
ence = − 0.944, P = 0.018).

Furthermore, significantly different perception of smile attractiveness between groups was reported for man-
dibular images with no black triangle, single small central black triangle, and mandibular single large central 
black triangle (P < 0.05, Table 3). Further comparisons using Scheffe Post hoc test revealed that dentists perceived 
the mandibular smile images with no black triangle (mean difference = 0.617, P = 0.031) and the mandibular smile 
images with a single small central black triangle (mean difference = 0.709, P = 0.014) as more attractive than the 
pre-clinical (3rd year) dental students.

Table 4 shows the difference in the perception of smile attractiveness based on having dental and non-dental 
educational backgrounds as well as based on gender among the study sample. The male participants perceived 
the smiles with an maxillary single small central black triangle, maxillary single large central black triangle, 
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maxillary multiple large black triangles, mandibular multiple small black triangles and mandibular multiple 
large black triangles as more attractive than females (P < 0.05, Table 4).

The participants with dental educational backgrounds perceived the smiles with an maxillary single small 
central black triangle, maxillary single large central black triangle, the maxillary multiple large black triangles 
and mandibular single large central black triangle as less attractive than the participants with non-dental edu-
cational background (P < 0.05, Table 4).

Amongst the total study sample, older participants perceived the smiles with an maxillary single small central 
black triangle (r = 0.145, P = 0.002), maxillary single large central black triangle (r = 0.162, P = 0.001), maxillary 
multiple small black triangles (r = 0.098, P = 0.042), maxillary multiple large black triangles (r = 0.156, P = 0.001), 
mandibular single small central black triangle (r = 0.122, P = 0.011), mandibular single large central black triangle 
(r = 0.154, P = 0.001) and mandibular multiple large black triangles (r = 0.116, P = 0.016) as more attractive than 
younger participants.

Relationship between personality scores and perception of smile profiles
Correlations between participants’ personality scores and the ranking of smile profile attractiveness amongst the 
total study sample showed that higher scores of Conscientiousness, Agreeableness, and Openness were associ-
ated with better perception of the maxillary smile profile without black triangles and rating it as more attractive 
(P < 0.05, Table 5). Also, higher Openness scores were associated with perceiving the mandibular smile profile 
with the single small central black triangle as more attractive (r = 0.105, P = 0.028). Moreover, higher Conscien-
tiousness scores were associated with ranking the smile profiles with the maxillary single small central black tri-
angle, maxillary single large central black triangle, mandibular single small central black triangle, and mandibular 

Table 1.   The distribution of the categorical demographic data and variables among the study participants.

Categorical data and variables n (Total = 435) %

Group

 Dentists

  Total 110 25.3

  Females 76 17.5

  Males 34 7.8

 Clinical (4th and 5th years) dental students

  Total 110 25.3

  Females 77 17.7

  Males 33 7.6

 Pre-clinical (3rd year) dental students

  Total 104 23.9

  Females 70 16.1

  Males 34 7.8

 Laypeople

  Total 111 25.5

  Females 76 17.5

  Males 35 8.0

Gender

 Male 136 31.3

 Female 299 68.7

Marital status

 Single 310 71.3

 Married 125 28.7

Educational background

 Dental 324 74.5

 Non-dental 111 25.5

Education level (dental)

 Dental student 214 49.2

 Bachelors 41 9.4

 Higher studies 69 15.9

Education level (non-dental)

 Diploma 37 8.5

 Bachelors 59 13.6

 Higher studies 15 3.4
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single large central black triangle as more attractive (P < 0.05, Table 5). Further significant correlations between 
personality scores and the ranking of attractiveness were found within each group (P < 0.05, Table 5).

Multiple two-step hierarchical regression analyses were performed to examine the prediction power of per-
sonality factors on the perception of smile attractiveness for each tested smile profile whilst controlling for the 
selected demographic characteristics (age, gender, marital status, city, monthly income, dental/non-dental and 
group). The results demonstrated that being a male, having dental education, having lower Neuroticism scores, 
as well as having higher Openness, Agreeableness, Conscientiousness, and Extraversion scores predicted and 
contributed more towards perceiving various tested smile profiles as more attractive (Table 6).

Discussion
The results of this study revealed the existence of an association between the perception of black triangles 
and personality traits, educational backgrounds and different demographic variables. Consequently, the null 
hypothesis was rejected.

The tested close-up smile profiles in this study were edited to crop the nose, chin, and to conceal the gender 
of the participant in order to account for the confounding variables6,27,36,37. Black and white images were used to 
avoid the confounding effects of tooth shade and soft tissue texture and colour on perception following previous 
recommendations6,38. Furthermore, the tested images were arranged in a random order to account for potential 
bias during the ratings39.

Besides, a 10-point visual analogue scale (VAS) was used to assess the perception, which is considered a 
simple and reliable method for assessment40. Adequate level of reliability was shown for all ratings of the tested 
smile profile images in this study.

The NEO-FFI personality test was used in this study because it is comprehensive, simple, valid, reliable and 
has been used in previous studies among the Jordanian population31,33–35,41–48.

In this study, females exhibited higher Neuroticism scores than males, which is in accordance with the results 
of previous studies45,49. This might owe to that the lifestyle of women is more stressful than men. Also, females 
scored higher Agreeableness scores, which may be because of social factors and the nature of women being more 
sympathetic and caring than men.

Concerning the maxillary smile profiles, the highest rating was given to the smile profile without black tri-
angles, which agrees with previous studies where participants rated the smile profiles without black triangles as 
most pleasing4,6,18,28. A gradual decrease in the mean scores was found as the size and number of black triangles 
increased, with the maxillary smile profile with multiple large black triangles receiving the lowest scoring, and 
this supports other studies that showed lower rating of the photos as the size of the black triangle increases4,18,28, 
and as the number of black triangles increases5,6.

Similarly, the most attractive mandibular smile profile was the one without black triangles; meanwhile, the 
least attractive was the one with multiple large black triangles. Previous studies concerned with black triangles 

Table 2.   Personality traits’ measures of central tendency and dispersions among the study sample. G1 dentists, 
G2 clinical (4th and 5th year) dental students, G3 pre-clinical (3rd year) dental students, G4 laypeople, N 
neuroticism, E extraversion, O openness, A agreeableness, C conscientiousness, n number of participants, M 
mean score, SD standard deviation, Min minimum, Max maximum, CI confidence intervals.

Personality trait Descriptive Total sample G1 (n = 110) G2 (n = 110) G3 (n = 104) G4 (n = 111)

N

M (SD) 20 (6) 19 (6) 21 (7) 22 (5) 20 (7)

Variance 42 41 45 30 48

Min–Max 2–42 2–42 6–40 5–38 6–39

95% CI 20–21 18–20 20–22 21–23 19–21

E

M (SD) 28 (5) 28 (5) 28 (5) 27 (5) 28 (5)

Variance 26 24 29 27 24

Min–Max 13–44 13–44 17–41 14–40 15–40

95% CI 27–28 27–29 27–29 26–28 27–29

O

M (SD) 24 (5) 24 (5) 25 (5) 24 (5) 24 (5)

Variance 23 20 24 22 27

Min–Max 11–43 15–38 11–38 12–34 11–43

95% CI 24–25 24–25 24–26 23–25 23–25

A

M (SD) 27 (4) 28 (3) 26 (4) 26 (5) 26 (5)

Variance 18 11 15 22 22

Min–Max 14–38 18–35 15–37 16–38 14–36

95% CI 26–27 27–28 26–27 25–27 25–27

C

M (SD) 33 (7) 33 (6) 32 (7) 31 (6) 35 (7)

Variance 43 32 46 39 50

Min–Max 9–48 9–47 14–46 19–48 17–48

95% CI 32–33 32–34 31–33 29–32 33–36
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Table 3.   Descriptive statistics of the participants’ perception and ranking scores for the tested maxillary smile 
profiles among the study sample (total n = 435). BT black triangle, G1 dentists, G2 clinical (4th and 5th year) 
dental students, G3 pre-clinical (3rd year) dental students, G4 laypeople, M mean score, SD standard deviation, 
Min minimum, Max maximum, CI confidence intervals, ANOVA Analysis of variance test, F F statistic, P 
probability value using ANOVA.

Image Descriptive Total sample G1 (n = 110) G2 (n = 110) G3 (n = 104) G4 (n = 111)

Maxillary smiles

 No BT

M (SD) 9.1 (1.4) 9.2 (1.1) 9.1 (1.4) 8.9 (1.5) 9.1 (1.7)

Variance 2.1 1.3 2.0 2.2 2.8

Min–Max 1.0–10.0 2.0–10.0 3.0–10.0 2.0–10.0 1.0–10.0

95% CI 8.9–9.2 9.0–9.4 8.8–9.3 8.7–9.2 8.8–9.4

Group difference ANOVA: F = 0.521, P = 0.668

 Single small central BT

M (SD) 7.1 (1.7) 7.3 (1.6) 7.0 (1.6) 6.6 (1.9) 7.5 (1,7)

Variance 2.9 2.5 2.6 3.5 2.8

Min–Max 0.0–10.0 1.0–10.0 0.0–10.0 0.0–10.0 2.0–10.0

95% CI 6.9–7.3 7.0–7.6 6.7–7.3 6.3–7.0 7.2–7.8

Group difference ANOVA: F = 5.216, P = 0.002

 Single large central BT

M (SD) 6.4 (1.7) 6.5 (1.6) 6.1 (1.7) 6.4 (1.7) 6.7 (1.7)

Variance 2.8 2.7 2.7 2.9 2.8

Min–Max 0.0–10.0 0.0–10.0 1.0–9.0 2.0–10.0 0.0–10.0

95% CI 6.3–6.6 6.1–6.8 5.8–6.5 6.1–6.7 6.4–7.0

Group difference ANOVA: F = 2.190, P = 0.089

 Multiple small BT

M (SD) 5.9 (2.0) 5.8 (1.8) 5.7 (1.9) 5.9 (2.1) 6.1 (2.3)

Variance 4.1 3.3 3.6 4.5 5.2

Min–Max 0.0–10.0 0.0–10.0 0.0–10.0 1.0–10.0 0.0–10.0

95% CI 5.7–6.1 5.5–6.2 5.3–6.0 5.5–6.3 5.6–6.5

Group difference ANOVA: F = 0.769, P = 0.512

 Multiple large BT

M (SD) 3.6 (2.2) 3.7 (2.0) 3.2 (2.2) 3.3 (2.3) 4.1 (4.6)

Variance 4.9 4.2 4.8 5.3 4.9

Min–Max 0.0–10.0 0.0–8.0 0.0–8.0 0.0–10.0 0.0–9.0

95% CI 3.4–3.8 3.3–4.1 2.8–3.6 2.9–3.8 3.7–4.6

Group difference ANOVA: F = 4.100, P = 0.007

Mandibular smiles

 No BT

M (SD) 8.8 (1.5) 9.1 (1.0) 9.0 (1.4) 8.5 (1.6) 8.7 (1.8)

Variance 2.3 1.0 2.0 2.6 3.4

Min–Max 0.0–10.0 4.0–10.0 0.0–10.0 0.0–10.0 1.0–10.0

95% CI 8.7–9.0 8.9–9.3 8.7–9.3 8.2–8.8 8.3–9.0

Group difference ANOVA: F = 3.685, P = 0.012

 Single small central BT

M (SD) 7.2 (1.6) 7.5 (1.4) 7.3 (1.4) 6.8 (1.7) 7.2 (1.8)

Variance 2.5 2.0 2.0 2.8 3.2

Min–Max 0.0–10.0 2.0–10.0 3.0–10.0 0.0–10.0 0.0–10.0

95% CI 7.1–7.4 7.3–7.8 7.0–7.5 6.5–7.2 6.9–7.6

Group difference ANOVA: F = 3.631, P = 0.013

 Single large central BT

M (SD) 6.0 (1.8) 6.2 (1.7) 5.9 (1.8) 5.7 (1.8) 6.3 (1.8)

Variance 3.3 3.0 3.2 3.4 3.4

Min–Max 0.0–10.0 1.0–9.0 1.0–10.0 0.0–10.0 0.0–10.0

95% CI 5.9–6.2 5.9–6.6 5.5–6.2 5.3–6.0 6.0–6.7

Group difference ANOVA: F = 2.889, P = 0.035

 Multiple small BT

M (SD) 5.6 (2.0) 5.8 (1.9) 5.5 (1.8) 5.5 (2.2) 5.5 (2.0)

Variance 3.9 3.5 3.3 4.8 4.1

Min–Max 0.0–10.0 0.0–10.0 0.0–10.0 0.0–10.0 0.0–9.0

95% CI 5.4–5.8 5.5–6.2 5.2–5.9 5.1–6.0 5.1–5.9

Group difference ANOVA: F = 0.671, P = 0.570

 Multiple large BT

M (SD) 3.9 (2.2) 4.2 (1.9) 3.7 (2.1) 3.8 (2.3) 4.1 (2.3)

Variance 4.7 3.6 4.6 5.2 5.3

Min–Max 0.0–10.0 0.0–8.0 0.0–9.0 0.0–10.0 0.0–10.0

95% CI 3.7–4.1 3.8–4.5 3.3–4.1 3.4–4.2 3.6–4.5

Group difference ANOVA: F = 1.192, P = 0.313
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on the mandibular arch could not be identified in the literature, so those results are novel. However, results from 
the studies on the maxillary arch could be referred to as they showed similar findings4–6,18,28.

The study findings showed that female participants assigned lower attractiveness ratings than males. This 
agrees with previous research that found women to be more judgmental in their evaluation of black triangles29,37. 
This could be because females are more concerned about esthetics than males45. However, this does not agree 
with the results of other studies investigating different esthetic factors6,50–52. Variations in study methodologies, 
tested parameters, psychological, cultural, social and racial factors might explain this difference.

Also, older participants assigned higher attractiveness ratings than younger ones. This may be explained 
by that younger individuals may seek better appearance as compared to older ones. Multiple studies showed 
that older individuals were less critical regarding to esthetics29,32,49,53. Nonetheless, this was not shown in other 
studies6,52, which probably owe to differences in study methodologies and tested parameters as well as social, 
psychological, cultural and racial factors.

Participants with a dental background perceived the black triangles as less attractive. This stem from the fact 
that they were more likely to be exposed to black triangles as an esthetic problem during their dental education 
and practice, and hence, they are stricter in judging and better at spotting them. This agrees with other studies 
showing that individuals with a dental background were less lenient in judging different esthetic parameters 
than laypeople6,18–20,22–26,38,54–56. However, this opposes other studies that could not find any difference27,57–61.

Differences in psychological, cultural, social and racial factors could account for this contrast, as well as dif-
ferences in the tested parameters and methodologies adopted during these studies.

The findings of the study showed that pre-clinical (3rd year) dental students were more strict than dentists 
in their assessment of the mandibular smile profiles, which could be because dentists have better experience 
and could have better recognized that the mandibular teeth may not show up upon smiling, as opposed to the 
pre-clinical dental students, whom may not have been taught about this yet. In addition, no differences could 
be found between the pre-clinical and the clinical dental students, which opposes the study by Alhammadi and 
colleagues, that found these differences62. This could be due to that pre-clinical dental students were limited to 
3rd year students in the current study as well as variations in personality and demographic factors.

In this study, Neuroticism was associated with inferior perception, while Openness, Agreeableness, Extra-
version and Conscientiousness were associated with a better perception of the attractiveness of the tested smile 
profiles.

This might be explained as neurotic individuals are characterized by higher expectations and stricter judgment 
of the appearance49,53. Nevertheless, open individuals are open-minded, insightful, inquisitive, and tend to seek 
new experiences, making them more likely to score higher even for the smile profiles with esthetic problems. Sim-
ilarly, agreeable individuals are empathetic, compassionate, and more tolerant and accepting of imperfections49. 
Moreover, conscious patients are focused, systematic and meticulous45, readily report any improvements and 

Table 4.   Differences in the perception of smile profiles attractiveness based on gender as well as being a dental 
or non-dental participant (total n = 435). BT black triangle, M mean, SD standard deviation, t t-statistic, P 
probability value using independent t-test.

Smile profiles Dental vs. non-dental

Descriptive t-test

Male vs female

Descriptive t-test

Mean SD t P Mean SD t P

Maxillary smiles

 No BT
Dental 9.05 1.35

− 0.454 0.650
Male 9.10 1.30

0.229 0.819
Non-dental 9.12 1.63 Female 9.07 1.49

 Single small central BT
Dental 6.97 1.71

− 2.714 0.007
Male 7.46 1.36

2.982 0.003
Non-dental 7.46 1.64 Female 6.94 1.82

 Single large central BT
Dental 6.33 1.65

− 2.084 0.038
Male 6.71 1.40

2.359 0.019
Non-dental 6.70 1.68 Female 6.31 1.77

 Multiple small BT
Dental 5.77 1.93

− 1.589 0.113
Male 6.05 1.86

1.231 0.219
Non-dental 6.12 2.25 Female 5.79 2.11

 Multiple large BT
Dental 3.43 2.18

− 2.715 0.007
Male 4.01 2.30

3.130 0.002
Non-dental 4.08 2.24 Female 3.39 2.15

Mandibular smiles

 No BT
Dental 8.88 1.40

1.126 0.261
Male 8.80 1.34

− 0.337 0.736
Non-dental 8.70 1.80 Female 8.86 1.60

 Single small central BT
Dental 7.21 1.52

− 0.126 0.900
Male 7.15 1.54

0.554 0.580
Non-dental 7.23 1.76 Female 7.25 1.62

 Single large central BT
Dental 5.90 1.80

− 2.323 0.021
Male 6.25 1.74

1.769 0.078
Non-dental 6.35 1.83 Female 5.92 1.85

 Multiple small BT
Dental 5.60 1.96

0.103 0.918
Male 5.93 1.82

2.359 0.019
Non-dental 5.58 2.01 Female 5.45 2.03

 Multiple large BT
Dental 3.89 2.10

− 0.801 0.423
Male 4.45 2.16

3.350 0.001
Non-dental 4.07 2.29 Female 3.71 2.12
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Table 5.   The correlations between participants’ personality scores and the ranking of the tested maxillary 
smile profiles attractiveness among the study sample (total n = 435). Per-trait personality trait, BT black 
triangle, G1 dentists, G2 clinical (4th and 5th year) dental students, G3 pre-clinical (3rd year) dental students, 
G4 laypeople, N neuroticism, E extraversion, O openness, A agreeableness, C conscientiousness, r Pearson’s 
correlations coefficient, P probability value using Pearson’s correlations test.

Smile profile attractiveness Per-trait

r (P)

Total sample G1 (n = 110) G2 (n = 110) G3 (n = 104) G4 (n = 111)

Maxillary smiles

 No BT

N − 0.076 (0.114) − 0.073 (0.449) − 0.016 (0.866) − 0.064 (0.520) − 0.108 (0.258)

E − 0.017 (0.722) 0.058 (0.549) − 0.077 (0.423) 0.021 (0.831) − 0.053 (0.578)

O 0.109 (0.022) 0.238 (0.012) 0.140 (0.144) 0.102 (0.302) 0.014 (0.882)

A 0.116 (0.015) − 0.073 (0.446) − 0.042 (0.665) 0.284 (0.003) 0.162 (0.090)

C 0.105 (0.028) 0.251 (0.008) − 0.069 (0.474) 0.125 (0.207) 0.129 (0.176)

 Single small central BT

N − 0.084 (0.081) 0.030 (0.753) 0.017 (0.864) − 0.279 (0.004) − 0.032 (0.742)

E − 0.013 (0.785) − 0.046 (0.635) 0.035 (0.720) 0.047 (0.637) − 0.123 (0.200)

O 0.017 (0.729) 0.060 (0.536) − 0.103 (0.283) 0.108 (0.276) − 0.006 (0.949)

A 0.092 (0.056) − 0.124 (0.198) 0.059 (0.539) 0.254 (0.009) 0.069 (0.469)

C 0.109 (0.022) 0.150 (0.117) 0.040 (0.682) 0.204 (0.038) − 0.081 (0.399)

 Single large central BT

N − 0.043 (0.371) 0.004 (0.965) 0.047 (0.628) − 0.099 (0.316) − 0.107 (0.263)

E − 0.036 (0.453) − 0.080 (0.407) − 0.128 (0.181) 0.129 (0.192) − 0.058 (0.543)

O 0.000 (0.992) − 0.020 (0.838) − 0.116 (0.226) 0.097 (0.326) 0.070 (0.468)

A 0.047 (0.333) − 0.090 (0.349) 0.030 (0.757) 0.165 (0.094) 0.049 (0.613)

C 0.140 (0.003) 0.190 (0.047) − 0.024 (0.802) 0.241 (0.014) 0.121 (0.205)

 Multiple small BT

N − 0.030 (0.539) − 0.005 (0.961) − 0.041 (0.669) − 0.161 (0.103) 0.050 (0.599)

E 0.039 (0.417) 0.018 (0.851) − 0.033 (0.736) 0.265 (0.006) − 0.083 (0.384)

O − 0.044 (0.358) 0.060 (0.534) − 0.225 (0.018) 0.014 (0.889) − 0.004 (0.967)

A 0.040 (0.410) − 0.004 (0.970) 0.032 (0.744) 0.085 (0.388) 0.041 (0.670)

C 0.022 (0.649) 0.146 (0.128) − 0.135 (0.158) 0.118 (0.233) − 0.029 (0.765)

 Multiple large BT

N − 0.044 (0.360) − 0.005 (0.956) − 0.150 (0.118) − 0.166 (0.092) 0.169 (0.077)

E 0.002 (0.961) − 0.087 (0.369) − 0.016 (0.865) 0.155 (0.116) − 0.058 (0.544)

O − 0.054 (0.262) − 0.053 (0.580) − 0.279 (0.003) 0.097 (0.328) 0.039 (0.686)

A − 0.033 (0.494) − 0.185 (0.054) 0.075 (0.434) − 0.079 (0.425) 0.016 (0.866)

C 0.005 (0.910) 0.158 (0.099) − 0.140 (0.145) 0.101 (0.306) − 0.174 (0.067)

Mandibular smiles

 No BT

N − 0.052 (0.282) − 0.028 (0.772) 0.000 (0.998) 0.056 (0.572) − 0.119 (0.213)

E 0.008 (0.863) 0.041 (0.667) − 0.102 (0.290) 0.077 (0.439) 0.007 (0.943)

O 0.086 (0.075) 0.103 (0.286) 0.192 (0.044) 0.006 (0.955) 0.034 (0.727)

A 0.080 (0.097) − 0.007 (0.939) − 0.118 (0.219) 0.270 (0.005) 0.037 (0.703)

C 0.051 (0.293) − 0.005 (0.962) 0.000 (0.997) − 0.038 (0.703) 0.152 (0.112)

 Single small central BT

N 0.033 (0.491) 0.038 (0.695) 0.093 (0.332) − 0.027 (0.788) 0.109 (0.256)

E 0.014 (0.776) − 0.025 (0.795) 0.025 (0.796) 0.201 (0.042) − 0.158 (0.098)

O 0.005 (0.921) − 0.097 (0.312) − 0.017 (0.863) 0.055 (0.582) 0.023 (0.813)

A 0.105 (0.028) − 0.087 (0.366) − 0.051 (0.595) 0.283 (0.004) 0.111 (0.247)

C 0.095 (0.048) 0.074 (0.439) 0.035 (0.715) 0.157 (0.112) 0.046 (0.633)

 Single large central BT

N − 0.017 (0.722) 0.019 (0.846) 0.060 (0.532) − 0.090 (0.366) 0.004 (0.970)

E − 0.040 (0.409) − 0.090 (0.349) − 0.120 (0.213) 0.180 (0.068) − 0.140 (0.142)

O − 0.012 (0.807) − 0.077 (0.425) − 0.130 (0.177) 0.150 (0.128) 0.009 (0.927)

A 0.078 (0.106) 0.027 (0.781) 0.033 (0.733) 0.231 (0.018) − 0.015 (0.873)

C 0.108 (0.024) 0.077 (0.427) − 0.032 (0.736) 0.191 (0.052) 0.097 (0.313)

 Multiple small BT

N − 0.052 (0.279) 0.050 (0.602) − 0.072 (0.458) − 0.158 (0.110) − 0.012 (0.903)

E 0.063 (0.187) − 0.005 (0.955) 0.072 (0.454) 0.184 (0.062) − 0.013 (0.889)

O − 0.052 (0.276) 0.071 (0.464) − 0.211 (0.027) − 0.071 (0.474) − 0.009 (0.929)

A 0.055 (0.256) − 0.022 (0.823) 0.021 (0.824) 0.222 (0.023) − 0.073 (0.447)

C 0.060 (0.215) 0.130 (0.176) 0.022 (0.818) 0.141 (0.154) − 0.033 (0.728)

 Multiple large BT

N − 0.028 (0.557) − 0.042 (0.667) − 0.092 (0.337) − 0.117 (0.239) 0.144 (0.131)

E 0.001 (0.988) − 0.041 (0.671) − 0.021 (0.828) 0.155 (0.116) − 0.100 (0.299)

O − 0.037 (0.436) 0.011 (0.910) − 0.207 (0.030) 0.136 (0.169) − 0.065 (0.498)

A − 0.002 (0.960) − 0.010 (0.920) − 0.088 (0.360) 0.110 (0.265) − 0.062 (0.515)

C 0.018 (0.713) 0.001 (0.996) − 0.035 (0.713) 0.150 (0.129) − 0.081 (0.398)
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value even the small details33, which might clarify why they had enhanced perception. Furthermore, extraverted 
individuals are positive and optimistic, and so would likely not be affected by minor esthetic issues49,53.

The above findings go along with the findings of previous studies that tested other parameters and 
treatments34,42,43,45,46,49,63–65. In contrast, other researchers could not find a relationship between personality and 
the perception of esthetics18, which might be due to testing other esthetic parameters than black triangles and 
using an incomprehensive personality test.

Table 6.   Hierarchical regression analysis to predict perception of smile attractiveness ratings utilizing 
personality scores and demographic variables among the total study sample as well as among each group (total 
n = 435). BT black triangle, Total total study sample, G1 dentists, G2 clinical (4th and 5th year) dental students, 
G3 pre-clinical (3rd year) dental students, G4 laypeople, R2 coefficient of determination, B unstandardized 
coefficient beta, β standardized coefficient beta, P two tailed probability value, CI confidence intervals. 
*Significant predictors in final models are presented; the group, age, gender, dental background, and income 
were included in the first block of the regression model, while the personality scores were included in the 
second block.

Dependent 
variable Group Predictors* R2 R2 change B β P

95% CI for B

Lower bound Upper bound

Maxillary smiles

 No BT

Total Openness 0.054 0.036 0.036 0.121 0.013 0.008 0.064

G3 Agreeableness 0.111 0.103 0.099 0.319 0.007 0.028 0.170

G1
Openness

0.207 0.145
0.071 0.281 0.004 0.023 0.119

Conscientiousness 0.041 0.203 0.041 0.002 0.080

 Single small 
central BT

Total

Gender

0.083 0.019

− 0.638 − 0.173 0.001 − 0.995 − 0.280

Dental/non-dental 0.919 0.239 0.005 0.274 1.563

Group − 0.259 − 0.171 0.032 − 0.495 − 0.023

Agreeableness 0.046 0.113 0.027 0.005 0.087

G2 Gender 0.096 0.040 − 0.945 − 0.272 0.014 − 1.699 − 0.192

G3
Gender

0.187 0.139
− 0.811 − 0.204 0.047 − 1.611 − 0.010

Agreeableness 0.105 0.266 0.018 0.019 0.192

G4 Income 0.162 0.054 0.001 0.339 0.001 0.000 0.001

 Single large central 
BT

Total
Gender

0.062 0.017
− 0.471 − 0.131 0.009 − 0.825 − 0.118

Conscientiousness 0.029 0.115 0.032 0.003 0.056

G2 Gender 0.113 0.056 − 0.874 − 0.115 0.026 − 1.643 − 0.105

 Multiple small BT
G2 Openness 0.104 0.065 − 0.078 − 0.199 0.047 − 0.154 − 0.001

G3 Extraversion 0.098 0.085 0.110 0.267 0.017 0.021 0.200

 Multiple large BT

Total Gender 0.071 0.004 − 0.732 − 0.153 0.002 − 1.201 − 0.264

G2 Openness 0.117 0.102 − 0.108 − 0.238 0.017 − 0.196 − 0.019

G3 Gender 0.128 0.044 − 1.037 − 0.212 0.047 − 2.058 − 0.016

Mandibular smiles

 No BT

Total Group 0.034 0.010 − 0.255 − 0.189 0.021 − 0.470 − 0.039

G2 Openness 0.086 0.055 0.063 0.216 0.033 0.005 0.122

G3 Agreeableness 0.174 0.127 0.142 0.038  < 0.001 0.066 0.217

 Single small 
central BT

Total
Group

0.055 0.020
− 0.266 − 0.188 0.020 − 0.489 − 0.042

Neuroticism 0.025 0.104 0.046 0.000 0.050

G3 Agreeableness 0.121 0.119 0.107 0.303 0.009 0.027 0.188

 Single large central 
BT

Total
Gender

0.060 0.018
− 0.499 − 0.127 0.011 − 0.886 − 0.113

Dental/non-dental 0.700 0.171 0.049 0.004 1.395

G3 Agreeableness 0.144 0.130 0.113 0.291 0.012 0.026 0.201

 Multiple small BT

Total Gender 0.040 0.012 − 0.560 − 0.131 0.010 − 0.984 − 0.136

G2
Gender

0.135 0.054
− 1.147 − 0.290 0.008 − 1.985 − 0.309

Openness − 0.080 − 0.215 0.030 − 0.152 − 0.008

G3
Gender

0.141 0.105
− 1.198 − 0.257 0.015 − 2.159 − 0.236

Agreeableness 0.132 0.285 0.014 0.028 0.236

G4 Age 0.087 0.019 0.069 0.407 0.005 0.022 0.116

 Multiple large BT

Total Gender 0.042 0.002 − 0.789 − 0.170 0.001 − 1.252 − 0.327

G2 Openness 0.102 0.042 − 0.091 − 0.207 0.040 − 0.177 − 0.004

G3 Gender 0.140 0.064 − 1.386 − 0.286 0.007 − 2.390 − 0.383
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To the investigators’ best knowledge, this is the first study looking at the relationship between personality 
profiles and the perception of smile profiles with black triangles. The discussion above indicates that different 
personality traits could anticipate and contributed towards patients’ expectations. Therefore, it may be advis-
able to consider patients’ personality during clinical assessment as this might help to reach a more predictable 
treatment outcome.

In the present study, racial, social and cultural factors might impact the results. Besides, the unbalanced 
beyond control sample distribution in certain aspects like age, gender, and marital status could have influenced 
the results. However, the hierarchical regression analysis accounted for the confounding effects of demographic 
factors on the relationship between personality factors and the perception of tested smile profiles. Also, only tooth 
images were rated to avoid the distracters that might affect the ratings of the tested images following previous 
recommendations6,27,36–39. This, especially for the laypeople, could represent an unfamiliar image of the smile 
and might drew more attention to the black triangles. Therefore, rating full face smile images might have been 
more realistic and further studies are required in this regard.

More studies are advisable on different populations using larger samples to highlight the possible effects of 
cultural, social and racial factors on the relationships between the perception of black triangles (especially in the 
mandibular arch), personality profiles, and education.

Conclusions
Within the limitations of the present study, it was concluded that for both the maxillary and mandibular smile 
profiles, the images without black triangles represented the most attractive smile profiles, while the images with 
multiple large black triangles were the least attractive. Also, dental participants, females and younger participants 
were more critical and assigned lower perception scores for black triangles. Also, personality traits could pre-
dict and contributed positively (Openness, Agreeableness, Conscientiousness, and Extraversion) or negatively 
(Neuroticism) towards the perception of black triangles.

Data availability
Data generated and analysed during this study are available from the corresponding author upon request to the 
following email: alomirim@yahoo.co.uk.

Received: 30 January 2024; Accepted: 28 February 2024

References
	 1.	 McLaren, E. A. & Rifkin, R. Macroesthetics: Facial and dentofacial analysis. J. Calif. Dent. Assoc. 30(11), 839–846 (2002).
	 2.	 Gonzalez, M. K. et al. Interdental papillary house: A new concept and guide for clinicians. Int. J. Periodont. Restor. Dent. 31(6), 

e87-93 (2011).
	 3.	 Sharma, P. & Sharma, P. Dental smile esthetics: The assessment and creation of the ideal smile. Semin. Orthod. 18, 193–201. https://​

doi.​org/​10.​1053/j.​sodo.​2012.​04.​004 (2012).
	 4.	 Sriphadungporn, C. & Chamnannidiadha, N. Perception of smile esthetics by laypeople of different ages. Prog. Orthod. 18(1), 8. 

https://​doi.​org/​10.​1186/​s40510-​017-​0162-4 (2017).
	 5.	 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. 154(1), 82-90.e82. https://​doi.​org/​10.​1016/j.​ajodo.​2017.​
12.​010 (2018).

	 6.	 Alomari, S. A., Alhaija, E. S. A., AlWahadni, A. M. & Al-Tawachi, A. K. Smile microesthetics as perceived by dental professionals 
and laypersons. Angle Orthod. 92(1), 101–109. https://​doi.​org/​10.​2319/​020521-​108.1 (2022).

	 7.	 Patnaik, G., Singla, R. K. & Bala, S. Anatomy of a beautiful face and smile. J. Anat. Soc. India 52, 74–80 (2003).
	 8.	 Sütterlin, C. & Yu, X. Aristotle’s dream: Evolutionary and neural aspects of aesthetic communication in the arts. Psych. J. 10(2), 

224–243. https://​doi.​org/​10.​1002/​pchj.​416 (2021).
	 9.	 Mehl, C., Wolfart, S., Vollrath, O., Wenz, H. J. & Kern, M. Perception of dental esthetics in different cultures. Int. J. Prosthodont. 

27(6), 523–529. https://​doi.​org/​10.​11607/​ijp.​3908 (2014).
	10.	 Sharma, A. A. & Park, J. H. Esthetic considerations in interdental papilla: Remediation and regeneration. J. Esthet. Restor. Dent. 

22(1), 18–28. https://​doi.​org/​10.​1111/j.​1708-​8240.​2009.​00307.x (2010).
	11.	 Pugliese, F., Hess, R. & Palomo, L. Black triangles: Preventing their occurrence, managing them when prevention is not practical. 

Semin. Orthod. 25(2), 175–186. https://​doi.​org/​10.​1053/j.​sodo.​2019.​05.​006 (2019).
	12.	 Tarnow, D. P., Magner, A. W. & Fletcher, P. The effect of the distance from the contact point to the crest of bone on the presence or 

absence of the interproximal dental papilla. J. Periodontol. 63(12), 995–996. https://​doi.​org/​10.​1902/​jop.​1992.​63.​12.​995 (1992).
	13.	 Sarver, D. M. Principles of cosmetic dentistry in orthodontics: Part 1. Shape and proportionality of anterior teeth. Am. J. Orthod. 

Dentofacial Orthop. 126(6), 749–753. https://​doi.​org/​10.​1016/j.​ajodo.​2004.​07.​034 (2004).
	14.	 An, S. S., Choi, Y. J., Kim, J. Y., Chung, C. J. & Kim, K. H. Risk factors associated with open gingival embrasures after orthodontic 

treatment. Angle Orthod. 88(3), 267–274. https://​doi.​org/​10.​2319/​061917-​399.​12 (2018).
	15.	 Foulger, T. E., Tredwin, C. J., Gill, D. S. & Moles, D. R. The influence of varying maxillary incisal edge embrasure space and inter-

proximal contact area dimensions on perceived smile aesthetics. Br. Dent. J. 209(3), E4. https://​doi.​org/​10.​1038/​sj.​bdj.​2010.​719 
(2010).

	16.	 Hochman, M. N., Chu, S. J., da Silva, B. P. & Tarnow, D. P. Layperson’s esthetic preference to the presence or absence of the inter-
dental papillae in the low smile line: A web-based study. J. Esthet. Restor. Dent. 31(2), 113–117. https://​doi.​org/​10.​1111/​jerd.​12478 
(2019).

	17.	 Cunliffe, J. & Pretty, I. Patients’ ranking of interdental “black triangles” against other common aesthetic problems. Eur. J. Prostho-
dont. Restor. Dent. 17(4), 177–181 (2009).

	18.	 Kokich, V. O. Jr., Kiyak, H. A. & Shapiro, P. A. Comparing the perception of dentists and lay people to altered dental esthetics. J. 
Esthet. Dent. 11(6), 311–324. https://​doi.​org/​10.​1111/j.​1708-​8240.​1999.​tb004​14.x (1999).

	19.	 Moore, T., Southard, K. A., Casko, J. S., Qian, F. & Southard, T. E. Buccal corridors and smile esthetics. Am. J. Orthod. Dentofacial 
Orthop. 127(2), 208–213. https://​doi.​org/​10.​1016/j.​ajodo.​2003.​11.​027 (2005).

	20.	 LaVacca, M. I., Tarnow, D. P. & Cisneros, G. J. Interdental papilla length and the perception of aesthetics. Pract. Proced. Aesthet. 
Dent. 17(6), 405–412 (2005).

https://doi.org/10.1053/j.sodo.2012.04.004
https://doi.org/10.1053/j.sodo.2012.04.004
https://doi.org/10.1186/s40510-017-0162-4
https://doi.org/10.1016/j.ajodo.2017.12.010
https://doi.org/10.1016/j.ajodo.2017.12.010
https://doi.org/10.2319/020521-108.1
https://doi.org/10.1002/pchj.416
https://doi.org/10.11607/ijp.3908
https://doi.org/10.1111/j.1708-8240.2009.00307.x
https://doi.org/10.1053/j.sodo.2019.05.006
https://doi.org/10.1902/jop.1992.63.12.995
https://doi.org/10.1016/j.ajodo.2004.07.034
https://doi.org/10.2319/061917-399.12
https://doi.org/10.1038/sj.bdj.2010.719
https://doi.org/10.1111/jerd.12478
https://doi.org/10.1111/j.1708-8240.1999.tb00414.x
https://doi.org/10.1016/j.ajodo.2003.11.027


12

Vol:.(1234567890)

Scientific Reports |         (2024) 14:5675  | https://doi.org/10.1038/s41598-024-55855-3

www.nature.com/scientificreports/

	21.	 Jørnung, J. & Fardal, Ø. Perceptions of patients’ smiles: A comparison of patients’ and dentists’ opinions. J. Am. Dent. Assoc. 138(12), 
1544–1553. https://​doi.​org/​10.​14219/​jada.​archi​ve.​2007.​0103 (2007).

	22.	 Machado, A. W., McComb, R. W., Moon, W. & Gandini, L. G. Jr. Influence of the vertical position of maxillary central incisors on 
the perception of smile esthetics among orthodontists and laypersons. J. Esthet. Restor. Dent. 25(6), 392–401. https://​doi.​org/​10.​
1111/​jerd.​12054 (2013).

	23.	 Betrine Ribeiro, J., Alecrim Figueiredo, B. & Wilson Machado, A. Does the presence of unilateral maxillary incisor edge asym-
metries influence the perception of smile esthetics?. J. Esthet. Restor. Dent. 29(4), 291–297. https://​doi.​org/​10.​1111/​jerd.​12305 
(2017).

	24.	 Magne, P., Salem, P. & Magne, M. Influence of symmetry and balance on visual perception of a white female smile. J. Prosthet. 
Dent. 120(4), 573–582. https://​doi.​org/​10.​1016/j.​prosd​ent.​2018.​05.​008 (2018).

	25.	 Revilla-León, M. et al. Perception of occlusal plane that is nonparallel to interpupillary and commissural lines but with the maxil-
lary dental midline ideally positioned. J. Prosthet. Dent. 122(5), 482–490. https://​doi.​org/​10.​1016/j.​prosd​ent.​2019.​01.​023 (2019).

	26.	 Babiuc, I. et al. A comparative study on the perception of dental esthetics of laypersons and dental students. Acta Med. Transilvan. 
25(2), 61–63. https://​doi.​org/​10.​2478/​amtsb-​2020-​0034 (2020).

	27.	 Kokich, V. O., Kokich, V. G. & Kiyak, H. A. Perceptions of dental professionals and laypersons to altered dental esthetics: Asym-
metric and symmetric situations. Am. J. Orthod. Dentofacial Orthop. 130(2), 141–151. https://​doi.​org/​10.​1016/j.​ajodo.​2006.​04.​
017 (2006).

	28.	 Pithon, M. M. et al. Esthetic perception of black spaces between maxillary central incisors by different age groups. Am. J. Orthod. 
Dentofacial Orthop. 143(3), 371–375. https://​doi.​org/​10.​1016/j.​ajodo.​2012.​10.​020 (2013).

	29.	 Bolas-Colvee, B., Tarazona, B., Paredes-Gallardo, V. & Arias-De Luxan, S. Relationship between perception of smile esthetics and 
orthodontic treatment in Spanish patients. PLoS One. 13(8), e0201102. https://​doi.​org/​10.​1371/​journ​al.​pone.​02011​02 (2018).

	30.	 Zange, S. E., Ramos, A. L., Cuoghi, O. A., de Mendonça, M. R. & Suguino, R. Perceptions of laypersons and orthodontists regarding 
the buccal corridor in long- and short-face individuals. Angle Orthod. 81(1), 86–90. https://​doi.​org/​10.​2319/​031210-​145.1 (2011).

	31.	 Al-Omiri, M. K. & Karasneh, J. Relationship between oral health-related quality of life, satisfaction, and personality in patients 
with prosthetic rehabilitations. J. Prosthodont. 19(1), 2–9. https://​doi.​org/​10.​1111/j.​1532-​849X.​2009.​00518.x (2010).

	32.	 Al-Omiri, M. K., Abu Hantash, R. O., Abu Yunis, M. & Lynch, E. Relationship between personality and impacts of implant treat-
ment on daily living. Clin. Implant Dent. Relat. Res. 14(Suppl 1), e2-10. https://​doi.​org/​10.​1111/j.​1708-​8208.​2010.​00331.x (2012).

	33.	 Al Nazeh, A. A. et al. Relationship between oral health impacts and personality profiles among orthodontic patients treated with 
Invisalign clear aligners. Sci. Rep. 10(1), 20459. https://​doi.​org/​10.​1038/​s41598-​020-​77470-8 (2020).

	34.	 Al-Omiri, M. K. et al. Oral health status, oral health-related quality of life and personality factors among users of three-sided 
sonic-powered toothbrush versus conventional manual toothbrush. Int. J. Dent. Hyg. 21(2), 371–381. https://​doi.​org/​10.​1111/​idh.​
12642 (2023).

	35.	 Costa, P., & McCrae, R. Neo PI-R professional manual. Psychol. Assess. Resour. 396 (1992).
	36.	 Martin, A. J., Buschang, P. H., Boley, J. C., Taylor, R. W. & McKinney, T. W. The impact of buccal corridors on smile attractiveness. 

Eur. J. Orthod. 29(5), 530–537. https://​doi.​org/​10.​1093/​ejo/​cjm063 (2007).
	37.	 Abu Alhaija, E. S., Al-Shamsi, N. O. & Al-Khateeb, S. Perceptions of Jordanian laypersons and dental professionals to altered smile 

aesthetics. Eur. J. Orthod. 33(4), 450–456. https://​doi.​org/​10.​1093/​ejo/​cjq100 (2011).
	38.	 Sadrhaghighi, H., Zarghami, A., Sadrhaghighi, S. & Eskandarinezhad, M. Esthetic perception of smile components by orthodontists, 

general dentists, dental students, artists, and laypersons. J. Investig. Clin. Dent. 8(4), 1. https://​doi.​org/​10.​1111/​jicd.​12235 (2017).
	39.	 Mustafa, M. et al. Knowledge of dental professionals, dental students, and patients on smile design. Saudi J. Med. Pharma. Sci. 

5(7), 617–622. https://​doi.​org/​10.​21276/​sjmps.​2019.5.​7.8 (2019).
	40.	 Talic, N. & Al-Shakhs, M. Perception of facial profile attractiveness by a Saudi sample. Saudi Dent. J. 20, 17–23 (2008).
	41.	 Saucier, G. Replicable item-cluster subcomponents in the NEO five-factor inventory. J. Pers. Assess. 70(2), 263–276. https://​doi.​

org/​10.​1207/​s1532​7752j​pa7002_6 (1998).
	42.	 Al-Omiri, M. K. & Abu Alhaija, E. S. Factors affecting patient satisfaction after orthodontic treatment. Angle Orthod. 76(3), 

422–431. https://​doi.​org/​10.​1043/​0003-​3219(2006)​076[0422:​Fapsao]​2.0.​Co;2 (2006).
	43.	 Abu Hantash, R. O., Al-Omiri, M. K. & Al-Wahadni, A. M. Psychological impact on implant patients’ oral health-related quality 

of life. Clin. Oral Implants Res. 17(2), 116–123. https://​doi.​org/​10.​1111/j.​1600-​0501.​2005.​01219.x (2006).
	44.	 Karasneh, J., Al-Omiri, M. K., Al-Hamad, K. Q., & Al Quran, F. A. Relationship between patients’ oral health-related quality of 

life, satisfaction with dentition, and personality profiles. J. Contemp. Dent. Pract. 10(6), E049–056 (2009).
	45.	 Al-Omiri, M. K. et al. Relationship between impacts of removable prosthodontic rehabilitation on daily living, satisfaction and 

personality profiles. J. Dent. 42(3), 366–372. https://​doi.​org/​10.​1016/j.​jdent.​2013.​12.​010 (2014).
	46.	 Al-Omiri, M. K. et al. Recurrent aphthous stomatitis (RAS): a preliminary within-subject study of quality of life, oral health impacts 

and personality profiles. J. Oral Pathol. Med. 44(4), 278–283. https://​doi.​org/​10.​1111/​jop.​12232 (2015).
	47.	 Abu Alhaija, E. S., Abu Nabaa, M. A., Al Maaitah, E. F. & Al-Omairi, M. K. Comparison of personality traits, attitude toward 

orthodontic treatment, and pain perception and experience before and after orthodontic treatment. Angle Orthod. 85(3), 474–479. 
https://​doi.​org/​10.​2319/​121813-​927.1 (2015).

	48.	 Al-Omiri, M. K., Alhijawi, M. M., Al-Shayyab, M. H., Kielbassa, A. M. & Lynch, E. Relationship between dental students’ personal-
ity profiles and self-reported oral health behaviour. Oral Health Prev. Dent. 17(2), 125–129. https://​doi.​org/​10.​3290/j.​ohpd.​a42371 
(2019).

	49.	 Hantash, R. O., Yunis, M. A., Dar-Odeh, N. & Lynch, E. Relationship between impacts of complete denture treatment on daily 
living, satisfaction and personality profiles. J. Contemp. Dent. Pract. 12(3), 200–207. https://​doi.​org/​10.​5005/​jp-​journ​als-​10024-​
1035 (2011).

	50.	 Talic, N., Alomar, S. & Almaidhan, A. Perception of Saudi dentists and lay people to altered smile esthetics. Saudi Dent. J. 25(1), 
13–21. https://​doi.​org/​10.​1016/j.​sdentj.​2012.​09.​001 (2013).

	51.	 Omar, H. & Tai, Y. Perception of smile esthetics among dental and nondental students. J. Educ. Ethics Dent. 4(2), 54–60. https://​
doi.​org/​10.​4103/​0974-​7761.​148986 (2014).

	52.	 Silva, B. P., Jiménez-Castellanos, E., Martinez-de-Fuentes, R., Fernandez, A. A. & Chu, S. Perception of maxillary dental midline 
shift in asymmetric faces. Int. J. Esthet. Dent. 10(4), 588–596 (2015).

	53.	 Younis, A. et al. Relationship between dental impacts on daily living, satisfaction with the dentition and personality profiles among 
a Palestinian population. Odontostomatol. Trop. 35(138), 21–30 (2012).

	54.	 Pinho, S., Ciriaco, C., Faber, J. & Lenza, M. A. Impact of dental asymmetries on the perception of smile esthetics. Am. J. Orthod. 
Dentofacial Orthop. 132(6), 748–753. https://​doi.​org/​10.​1016/j.​ajodo.​2006.​01.​039 (2007).

	55.	 Nascimento, D., Santos, Ê., Machado, A. & Bittencourt, M. Influence of buccal corridor dimension on smile esthetics. Dental Press 
J. Orthod. 17, 145–150. https://​doi.​org/​10.​1590/​S2176-​94512​01200​05000​20 (2012).

	56.	 Ngoc, V. T. N. et al. Perceptions of dentists and non-professionals on some dental factors affecting smile aesthetics: A study from 
Vietnam. Int. J. Environ. Res. Public Health. 17(5), 1638. https://​doi.​org/​10.​3390/​ijerp​h1705​1638 (2020).

	57.	 Parekh, S. M., Fields, H. W., Beck, M. & Rosenstiel, S. Attractiveness of variations in the smile arc and buccal corridor space as 
judged by orthodontists and laymen. Angle Orthod. 76(4), 557–563. https://​doi.​org/​10.​1043/​0003-​3219(2006)​076[0557:​Aovits]​
2.0.​Co;2 (2006).

https://doi.org/10.14219/jada.archive.2007.0103
https://doi.org/10.1111/jerd.12054
https://doi.org/10.1111/jerd.12054
https://doi.org/10.1111/jerd.12305
https://doi.org/10.1016/j.prosdent.2018.05.008
https://doi.org/10.1016/j.prosdent.2019.01.023
https://doi.org/10.2478/amtsb-2020-0034
https://doi.org/10.1016/j.ajodo.2006.04.017
https://doi.org/10.1016/j.ajodo.2006.04.017
https://doi.org/10.1016/j.ajodo.2012.10.020
https://doi.org/10.1371/journal.pone.0201102
https://doi.org/10.2319/031210-145.1
https://doi.org/10.1111/j.1532-849X.2009.00518.x
https://doi.org/10.1111/j.1708-8208.2010.00331.x
https://doi.org/10.1038/s41598-020-77470-8
https://doi.org/10.1111/idh.12642
https://doi.org/10.1111/idh.12642
https://doi.org/10.1093/ejo/cjm063
https://doi.org/10.1093/ejo/cjq100
https://doi.org/10.1111/jicd.12235
https://doi.org/10.21276/sjmps.2019.5.7.8
https://doi.org/10.1207/s15327752jpa7002_6
https://doi.org/10.1207/s15327752jpa7002_6
https://doi.org/10.1043/0003-3219(2006)076[0422:Fapsao]2.0.Co;2
https://doi.org/10.1111/j.1600-0501.2005.01219.x
https://doi.org/10.1016/j.jdent.2013.12.010
https://doi.org/10.1111/jop.12232
https://doi.org/10.2319/121813-927.1
https://doi.org/10.3290/j.ohpd.a42371
https://doi.org/10.5005/jp-journals-10024-1035
https://doi.org/10.5005/jp-journals-10024-1035
https://doi.org/10.1016/j.sdentj.2012.09.001
https://doi.org/10.4103/0974-7761.148986
https://doi.org/10.4103/0974-7761.148986
https://doi.org/10.1016/j.ajodo.2006.01.039
https://doi.org/10.1590/S2176-94512012000500020
https://doi.org/10.3390/ijerph17051638
https://doi.org/10.1043/0003-3219(2006)076[0557:Aovits]2.0.Co;2
https://doi.org/10.1043/0003-3219(2006)076[0557:Aovits]2.0.Co;2


13

Vol.:(0123456789)

Scientific Reports |         (2024) 14:5675  | https://doi.org/10.1038/s41598-024-55855-3

www.nature.com/scientificreports/

	58.	 Ritter, D. E., Gandini, L. G., Pinto Ados, S. & Locks, A. Esthetic influence of negative space in the buccal corridor during smiling. 
Angle Orthod. 76(2), 198–203. https://​doi.​org/​10.​1043/​0003-​3219(2006)​076[0198:​Eionsi]​2.0.​Co;2 (2006).

	59.	 Krishnan, V., Daniel, S. T., Lazar, D. & Asok, A. Characterization of posed smile by using visual analog scale, smile arc, buccal 
corridor measures, and modified smile index. Am. J. Orthod. Dentofacial Orthop. 133(4), 515–523. https://​doi.​org/​10.​1016/j.​ajodo.​
2006.​04.​046 (2008).

	60.	 Barros, E., Carvalho, M., Mello, K., Botelho, P. & Normando, D. The ability of orthodontists and laypeople in the perception of 
gradual reduction of dentogingival exposure while smiling. Dental Press J. Orthod. 17, 81–86. https://​doi.​org/​10.​1590/​S2176-​94512​
01200​05000​12 (2012).

	61.	 Saffarpour, A., Ghavam, M., Saffarpour, A., Dayani, R. & Fard, M. J. Perception of laypeople and dental professionals of smile 
esthetics. J. Dent. (Tehran) 13(2), 85–91 (2016).

	62.	 Alhammadi, M. S. et al. Perception of facial, dental, and smile esthetics by dental students. J. Esthet. Restor. Dent. 30(5), 415–426. 
https://​doi.​org/​10.​1111/​jerd.​12405 (2018).

	63.	 Montero, J. et al. The role of personality traits in self-rated oral health and preferences for different types of flawed smiles. J. Oral 
Rehabil. 43(1), 39–50. https://​doi.​org/​10.​1111/​joor.​12341 (2016).

	64.	 Al Quran, F., Clifford, T., Cooper, C. & Lamey, P. J. Influence of psychological factors on the acceptance of complete dentures. 
Gerodontology. 18(1), 35–40. https://​doi.​org/​10.​1111/j.​1741-​2358.​2001.​00035.x (2001).

	65.	 Al-Omiri, M. K., Lamey, P. J., Cooper, C. & Clifford, T. Relationship between personality and satisfaction with the dentition in 
tooth wear patients. Eur. J. Prosthodont. Restor. Dent. 14(4), 179–184 (2006).

Acknowledgements
The authors thank Mrs AbdelAziz M. for her help during the preparation of this manuscript. Thanks also to the 
University of Jordan, King Khalid University and De Montford University for making this study possible and 
for providing administrative support.

Author contributions
M.K.AL-O. conceived the study. M.K.AL-O. and D.W.A.A. designed the study. M.K.AL-O. and D.W.A.A. col-
lected the data. M.K.AL-O., D.W.A.A., A.A.AlN., S.A., S.A.B.H., A.A.F.A., L.I.N.A., A.A., N.M.S. and E.L. inter-
preted the data, conceived the results, drafted sections of the manuscript, and revised the manuscript. M.K.AL-O. 
prepared the tests for the study. M.K.AL-O., D.W.A.A., A.A.AlN., S.A., S.A.B.H., A.A.F.A., L.I.N.A., A.A., N.M.S. 
and E.L. carried out the data analysis and critically revised the manuscript. All authors critically revised the 
manuscript. All authors read and approved the submitted final version of the manuscript.

Funding
This research received no external funding. This research did not receive any specific grant from funding agencies 
in the public, commercial, or not-for-profit sectors.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.K.A.-O.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

https://doi.org/10.1043/0003-3219(2006)076[0198:Eionsi]2.0.Co;2
https://doi.org/10.1016/j.ajodo.2006.04.046
https://doi.org/10.1016/j.ajodo.2006.04.046
https://doi.org/10.1590/S2176-94512012000500012
https://doi.org/10.1590/S2176-94512012000500012
https://doi.org/10.1111/jerd.12405
https://doi.org/10.1111/joor.12341
https://doi.org/10.1111/j.1741-2358.2001.00035.x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Relationships between perception of black triangles appearance, personality factors and level of education
	Materials and methods
	Study design and population
	Study instruments and procedures
	Study outcome measures and predictors
	Statistical analyses

	Results
	Personality scores amongst the study population
	Perception of the attractiveness of the tested smile images amongst the study population
	Relationship between personality scores and perception of smile profiles

	Discussion
	Conclusions
	References
	Acknowledgements


