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Abstract 
OBJECTIVES: The purpose of this study was to determine the ideal range of values for dental and soft tissues 

relationships as related to the aesthetics of smile in a young adult Nigerian population.  

MATERIALS AND METHODS: The 170 subjects included in this study were dental students of the Lagos 

University Teaching Hospital, Lagos, Nigeria and the University College Hospital, Ibadan, Oyo state, Nigeria. 

They had an age range of 18-25 years (mean age, 21.6±2.2 years) with 102 females and 68 males. Frontal 

posed smile photographs were taken of all subjects. Quantitative measurements of both soft and hard tissues 

were made by using a Photoshop, CS, 1995-2010 adobe system incorporated.  

RESULT: The incisal display for an aesthetic smile in this population was 9.2mm, the smile line was an 

average smile and the smile index was 7.55mm.  

CONCLUSIONS: More than half of the study population displayed between 75 – 100% of the maxillary 

incisors during smile. 

Keywords: hard and soft tissues, posed smile, aesthetics 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 07-05-2018                                                                            Date of acceptance: 22-05-2018 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. Introduction 
Smile aesthetics has become a central concern for patients and orthodontists because it is a primary 

reasonpatient seek orthodontic treatment and orthodontists are now using this as a focus for treatment planning 

(1). Aesthetics involves the study of beauty and psychological responses (2,3).
.
 It denotes concern about beauty 

or appreciation of beauty. 

The smile is the most effective means by which people convey their emotions. Smiling is a signaling 

system that evolved from a need to communicate information of many different forms (4). Female smiles are 

appealing to males, increasing physical attraction. There are two forms of smile- the enjoyment or Duchenne 

smile, and the posed or social smile (4,5).Posed smiles gained importance in dentistry and orthodontics mainly 

because they are repeatable overtime (6,7). The components of the smile include the smile line, smile arc, buccal 

corridor, smile symmetry, dental components, lip curvature and the gingival components (8). The smile, along 

with the associated perioral tissues, most visibly displays the results of orthodontic treatment therefore it is not 

surprising that smile aesthetics is a major goal of orthodontic mechano-therapy. A smile begins at the 

commissure and extends laterally, the lips may initially remain in contact, except in people who do not feature 

passive lip seal or have a short upper lip. As the smile expands, the lips separate, the commissures curve 

upwards and the teeth are exposed. The arches are separated and a dark space develops between the upper and 

the lower teeth known as negative space (9,10). 

Many factors have been suggested in the orthodontic literature as contributors to an aesthetic smile, 

including the display and condition of teeth and gingivae, arch size and shape, symmetry and width, skeletal 

base relationship and the smile arc (11,12,13).  Lip position and the amount of tooth and gingival display during 

smiling and speech are important diagnostic criteria in orthodontics, dentofacial surgery and aesthetic dentistry 

(14,15). 

The author in (4) reported that in an attractive smile, the upper lip is elevated to reveal 10 mm of 

maxillary incisors, the mouth is increased to 130 % of its original width and the lips separated approximately 12 

m (8). In general, women have more facial animation than men (4,8).Orthodontically treated subjects displayed 

more maxillary incisors and gingivae than the untreated(4,16). In adults, clinical crown height is normally 

between 9mm and 12mm, with an average of 10.6mm in males and 9.6mm in females (6,9,17). The authors in 

(18).  reiterated what the authors in (19)  reported, that if a patient displays less than 75% of the central incisor 

crown at smile, tooth display is considered inadequate. Incisor inclination also affect incisor display, proclined 
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maxillary incisors, whether in a Class II, division 1 malocclusion or in a Class III compensation, tend to reduce 

the incisor display at rest and in smiling. On the other hand, uprighted or retroclined maxillary incisors, as seen 

in Class II, division 2 malocclusion or after orthodontic retraction without torque control, tend to increase the 

incisor display. 

 It is generally accepted that the gingival margin of the maxillary incisors should be coincident with the 

upper lip in the social smile, figure 1, (16,20,21,23). 

Incisal display, (figure 1), can be termed as toothrevealed (18).Exposure is the term used to quantify 

the dental structures or gingivae that appear during a smile (2,23,24).The amount of dental and gingival 

exposure during speech or smiling varies from person to person due to individual variables such as upper and 

lower lip muscle mobility and strength, lip vertical length, clinical crown length and skeletal relationship 

especially maxillary length (22,23,25).During a smile maxillary central incisor exposure varies from three 

quarters of the crown to 2mm of gingival exposure (26,27). 

The upper lip position can be of three types- high smile line,which reveals the complete and cervico-

incisal length of maxillary incisors and a contiguous band of gingival tissues. An average smile line reveals 75-

100% of the maxillary incisors and a low smile line displays less than 75% of maxillary incisors (10,28,29). 

The smile index describes the display zone, (figure 2). It is determined by dividing the 

intercommissural width by the interlabial gap (This is the distance between the most inferior portion of the 

tubercle of the upper lip and the deepest midline point on the superior margin of the lower lip) during smiling 

(3,6,30). The smile index was developed by the authors in(31), the lower the smile index, the less youthful the 

smile appears (6,31). The smile index is used for comparing smiles among patients (3). 

The aesthetic principles that govern facial and dental harmony and achieving optimal tooth position 

within the soft tissue and skeletal characteristics of each patient are vital components (24). Most lay people use 

smile attractiveness as a parameter to judge treatment success (32). In Nigeria, there is an increasing awareness 

and demand for orthodontic treatment. The knowledge of the correlation between incisal display, smile line and 

smile aesthetics will add important clinical meaning to orthodontic diagnosis, treatment planning and treatment 

success. The aim of this study was to assess the ideal incisor display, smile index and the lip position for an 

aesthetic smile. 

 

 
Figure. 1.   Figure. 2. Display zone 

 

 

II. Materials and Methods 
This was a cross-sectional descriptive study carried out at theLagos University Teaching Hospital, 

Lagos State, Nigeria and University College Hospital, Ibadan, Oyo State, Nigeria. There were 170 subjects 

(ages 18-25 years), who were dental students of both institutions. The sample population consisted of 102 

females and 68 males. The following inclusion criteria were strictly followed, 1) no previous orthodontic 

treatment or oral and maxillofacial surgery, 2)complete permanent dentition except for third molars with no 

missing teeth or supernumerary teeth, 3) overjet of 2-4mm and normal overbite, 4) no active periodontal disease, 

5) normal upper lip length, 6) no craniofacial anomalies or other pathologies, 7) no severe malocclusion 8) no 

canting of the maxillary occlusal plane. The variables assessed include the incisal display, smile line and the 

smile index. 

Ethical clearance was approved by ethical committee of Lagos University Teaching Hospital. A letter 

of permission was granted at the University College Hospital, Ibadan and informed consent was signed and 

obtained from the each subject. Each subject was seated with the Cephalostat rod placed in the external auditory 

meatus with natural head position. The photographs were taken in the same environment with the same lighting 

conditions. Two photographs of each subject were taken, one at rest and followed by a posed smile using a 

Nikon D3000 camera with high definitive capturing ability. The camera was mounted on a tripod and placed at a 

distance of 77.6cm from the subject. A constant focal length of 55mm with aperture of f/5 was maintained. All 
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the pictures were transferred to the computer software (adobe photoshop, CS5 1990-2010, adobe system 

incorporated). All images were cropped with vertical (nose tip and soft tissue pogonium) and transverse 

(perpendicular drawn down from the zygomatic prominence) limits. All images were then adjusted to a 

standardized image, using measurement between two points (both inner canthus of the eyes) to check the 

magnification error. This was compared with the clinical measurement and was found to have a statistically 

significant correlation of 0.90. All the measurements were done using the ruler in the software. The photographs 

of 17 randomly selected subjects were retaken under the same setting to verify the repeatability of the 

measurement. The smile index was calculated by dividing the intercommissural width by the interlabial gap. 

 

2.1 Statistical Analysis 

The data were analyzed using Epi-info version 3.5.1 statistical software. Pearson‟s correlation 

coefficient was applied to initial and repeat measurement on 17 subjects for assessment of intra-examiner 

reliability. It showed a high consistency between the first and second readings for all measurements (Table 1). 

Numerical and categorical data were generated. Descriptive statistics such as the mean and standard deviation 

for numerical data were calculated, while the frequency tables were used to summarize categorical variables. 

Students‟t-test was used to test the differences in the mean of two groups. Pearson‟s coefficient analysis was 

used to assess the relationship between two numerical variables. All tests were carried out at 5% level of 

significance. 

 

III. Results 
Table 2 showed 102 (60%) of the 170 subjects were females and 68 (40%) were males. The age range 

was 18-25 years with the mean of 21.6± 2.2. 

Table 3 showed that the range of incisor display during smiling in this population was 2.8-18mm with a 

mean 9.2±2.0mm. The mean incisor display for the males was 9.8±2.2mm and 8.4±2.0mm for the females. 

There was no statistically significant association between the gender of the respondents and their incisor display. 

Figure 3(Pearson‟s correlation coefficient, r=-0.2) showed a weak correlation between the incisor display and 

the age of the respondents, as age increases, the incisor display decreases. 

About 38% of all subjects showed a high smile line, 57% had an average smile line and about 5% of 

the subject had a low smile line. About 32% of males had high smile line, 60% had average smile line and 7.4% 

had low smile line. This compared with 41% of the female respondents who had high smile line, 55% had 

average smile line and 4.0% had a low smile line.Chi square was used to test the association between gender and 

age of respondents and their smile lines. There was no statistically significant association between the incisor 

display and gender of respondents and their smile line (pvalue=0.376). 

The range of the smile index as shown in table 3 was 4.3- 26.6mm with a mean of 7.55±5.7mm. Chi 

square test was used to test the association between gender and the smile index this showed the smile index for 

males to be7.4±2.7mm and for females, it was 7.6±7.4mm. There was no statistically significant difference 

between the gender of the respondents and their smile index (p value=0.78, Table 4). 

 

Table 1: 

Evaluation of intra-examiner reliability using Pearson‟s coefficient 

 

 Correlation coefficient (r) 

Incisal display  0.96 

Gingival display  0.98 

Inter commissural width 0.97 

Interlabial gap  0.94 

 

Table 2: 

Socio-demographic Characteristics of Subjects 

 

Variable Frequency  Percent  

Age Range (yrs) 18 -25  

Mean Age ± SD (years) 21.6 ± 2.2  

Age Group (years)   

18 -19 36 21.2 

20- 21 49 28.8 

>21 85 50.0 

Total  170 100 

Sex   
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Male  68 40.0 

Female  102 60.0 

Total  170 100 

 

 

Table 3:  

Association between gender of subjects and their incisal display 

    

 Incisal Display             Frequency  Male       Female  

     

  Range                      2.8 – 18                      3.1-18                   2.8-17  

  Mean ± SD 9.2 ±2  9.8±2.2   8.4±2.0  

     

 x2= 1.9 p value= 0.393 

   

Mean Age ± SD 21.7 ± 2.1 21.3 ± 2.3 21.9 ± 2.3  

(years)     

 F =0.4 P value= 0.668  

 

 Table 4: 

 Smile line distribution related to age and gender of subjects 

 

Smile line Male                            Female                           Total 

 

Low 5 (7.4)4 (3.9) 9 (5.3)  

Average 41 (60.3) 56 (54.9) 97 (57.1)  

High 22 (32.4) 42 (41.2) 64 (37.6)  

Total  68 (100) 102 (100) 170 (100) 

  

 x2= 2.0 p value=0.376   

     

Table 5:  

 

Distribution of gingival display of subjects by gender 

 

Gingival display   Male                      Female                       Total 

Gingival smile (>2mm) 7 (46.7) 12 (41.4) 19 (43.2) 

High smile (<2mm) 8 (53.6) 17 (58.6) 25 (56.8) 

Total 15 (100) 29 (100) 44 (100) 

    

 x2= 0.1 p value = 0.737  

    

Gingival Display    

Range   1.0 – 13.0 

Mean ± SD   3.1±0.2 

    

Table 6: 

                                       Distribution of smile index  

 

Smile Index (IW/IL) (mm) Frequency Percent 

High  102 60.0 

Low  68 40.0 

Total  170 100 

   

Range 4.3 – 26.6  

Mean ± SD 7.55 ± 5.7  
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Table 7 

Association between the gender of subjects and their smile index 

 

   Sex  

 

Smile index (mm) Male  Female  

Mean ± SD 7.4 ± 2.7 7.6 ± 7.1 

 T=0.3 P=0.784 

 

IV. Discussion 
One of the primary aims of orthodontic treatment is to attain and preserve facial attractiveness (3,15). 

Facial attractiveness and smile attractiveness appear strongly connected to each other (15,19).  The success of 

orthodontic treatment is often measured by smile aesthetics. Many factors have been suggested in the 

orthodontic literature as contributors to an aesthetic smile, including the display and condition of teeth and 

gingivae, arch size and shape, symmetry and width, skeletal base relationship and the smile arc.
13

 Smile analysis 

and smile design have 
2
become key elements of orthodontic diagnosis and treatment planning over the last 

decade (9,15,19). 

The authors in (3) stated that younger age group expose more teeth than older age group. In the present 

study, the range of incisal display was 2.8-18 mm. This result varies slightly from that of McNamara et al (33) 

who reported 2.6-11mm as the range of incisal display in their study population, aged between 10-15 years. Age 

and race are factors that strongly influence incisal display. It has been reported that there is more incisal display 

in younger age group but other factors like lip elevation, vertical lip thickness come to play. In a study of North 

American white descent, the author in (33) reported a mean of 7.7±1.6mm, which is lower than that of the 

present study. 

 As one ages the upper lip displays less maxillary incisor on smile. This is in accordance with the study 

conducted by author in(20) and Those in (28). Similar result were obtained by authors in (25) who noted a 

decrease in maxillary incisor exposure of about 3.41mm from less than 29 years to over 60 years of age. In this 

present study, the subjects were not grouped by age because the study population age range was narrow (18-25 

years), but the results clearly showed a reduction in the incisor display with age, figure 3, which is consistent 

with those of previous reports (20,25,28).
 

 

4.1 Incisal display 

In this study, the incisal display during smiling was 9.8mm for the males and 8.4mm for the females 

which is lower than the 10mm reported by Rigsbee et al(4).Previous studies have shown that females displayed 

more maxillary incisors during smiling than males (17,18),which is not in agreement with the results of this 

present study. In this study, about nine per cent of the males displayed more than 12mm of the incisor crown 

length as against four per cent of females. Longer lip length of 24.50mm have been reported in the Nigerian 

population compared to 23.7mm in Caucasians by Isiekwe et al (34), and may have an effect on the incisal 

display in this population. In cases of inadequate incisor display, it must be determined whether the condition is 

a consequence of insufficient tooth eruption, attrition or gingival hyperplasia. In such situations, aesthetic 

surgery, such as crown lengthening or periodontal surgery should be performed (33). 

The proportion of females with high smile line (58.6%) was higher than that of the males (53.3%). 

There was a higher number of males with low smile lines. Sexual dimorphism was apparent in smile line 

extremes in this study. In a study byauthors in (2)high smile line (exposing greater than 1mm of gingival tissue) 

appeared to be a female characteristic and low smile line (covering more than 2mm of incisal crown) seemed to 

be a male characteristics. The result of the present study is in agreement with those of the authors in (2) and also 

authors in (28) who reported that low smile line was predominantly a male characteristic and high smile line,a 

predominantlyfemale characteristic. 

 In the present study population, more than half of the study population showed average smile line 

which has been reported to be the ideal smile line by previous studies (16,20,21). In contrast, some studies 

reported that high smile line with 1mm-2mm gingival display is acceptable (36). In this study, about 37.6 % of 

the study population showed high smile line, which some authors have agreed to also be an aesthetic feature of 

an attractive smile (36,37).
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Correlation between age and incisal display  

 
r= -0.2, F test = 4.1, p value= 0.050 

                                                                         Figure. 3 

 

 In orthodontics and surgery, the gingival smile line or gummy smiles provokes stronger concern from 

clinicians than a low smile line (2,38). The upper limit for gingival display in the present study was 13mm and 

the lower limit was 1mm with a mean of 3.1±0.2mm. The authors in (39), stated that aesthetically the ideal 

amount of visible gingivae was 1mm, although 2-3mm of gingivae may still be aesthetically acceptable. This 

result corroborated that of the authors in (40). The result of this study showed that 46.7% of males showed 

gingival smile line while 41.4% of females showed gingival smile. This result differed from findings of other 

authors (24,26,27), who reported that the gingival smile is a more common characteristic of females. 

In general, when a low smile line is determined, intrusion therapy in adolescents should be avoided as 

this will lead to a premature aged oral appearance and tooth display will be even more reduced by sagging of the 

lips in middle age (13,35,44). Treatment of very high upper lip line (severe gummy smiles) may require surgical 

impaction of the entire maxilla (Le Fort 1) or of only the anterior part (segmental osteotomy) (35,44). To 

lengthen the upper lip, a V-Y cheiloplasty can be done or Botox injection, which mechanically reduces lip 

elevation, can be used as a temporary improvement (9,35,45). If an average smile line height is determined, 

orthodontic intrusion should also be avoided. 

 

4.2 Smile index 

The smile index describes the display zone (3). In this study the smile index was calculated by dividing 

the intercommissural width with the interlabial gap. Significant association between the age and smile index was 

not expected in the present study because the age range is narrow. The mean for the males and females was 

7.4±2.7mm and 7.6±7.1mm respectively which is higher than findings of the authors in (35) who reported a 

range of 4-6mm. The smile index of the perceived most attractive smiles in this study population were 

calculated and found to be 5.05mm. Comparing that with the results of this study, it can be deduced that 60% of 

the subjects in this study had a high smile index, which indicates youthfulness and 40% had a low smile index of 

below 4mm. The lower the smile index, the less youthful the smile appears (31,33). The height of smile depends 

on the elevation of the upper lips, which is muscle driven and not under the control of the orthodontist. The 

reports from the authors in (31) and those in (32), clearly agree with the age range of the subjects in this study. 

 

V. Conclusion 
An optimal smile is characterized by an upper lip that reaches the gingival margin with an upward or 

straight curvature between the philtrum and commissures; an upper Incisal line coincident with the border of the 

lower lip; minimal or no lateral negative space (buccal corridor); a commissural line and occlusal frontal plane 

to the papillary line; and harmoniously integrated dental and gingival component. . It is important to have 

general guidelines to aid clinicians in optimizing dento-facial aesthetics while satisfying other treatment goals. 

The following observations were made 

1. The incisal display during smile was 9.2mm. 

2. More than half of the study population had the upper lip at the height of the gingival margin of the upper 

central incisors. 

3. The mean smile index for the males and females was 7.4mm and 7.6mm and the smile index was for the 

perceived most attractive smile was 5.05mm. 
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