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Abstract

Aim: This study aimed to investigate the existence of the golden proportion between the widths of the maxillary anterior teeth in
individuals with an aesthetic smile.

Material and Methods: This study was conducted on 120 subjects (60 women and 60 men), with ages ranging from 18 to 25 years.
Those subjects whose natural smile did not show any visual tension with regards to the study and their own criteria were selected
as having aesthetic smile. An image measurement program was used to measure the apparent mesio-distal widths of six maxillary
anterior teeth on the scanned photographs of these subjects. Individual measurements of each maxillary anterior tooth were taken and
the golden proportion was compared. The existence of the golden proportion was investigated in the width ratios of maxillary anterior
teeth.

Results: For both the genders as well as overall, a significant difference from golden proportion was observed for all the three ratios
being evaluated (p < 0.001) (Central Incisor/Lateral Incisor, Lateral Incisor/Canine, Canine/First Premolar).

Conclusion: The golden ratio was not present in all patients who had an aesthetic smile. It is evident from this study that sexual
dimorphism exists between the golden proportion in subjects from North India. Individual variation was also seen. This must be kept
in mind while planning adjunct procedures along with orthodontic treatment (enameloplasty, inter-proximal reduction) in order to
get the best aesthetic results for the patients.
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Introduction

One of the most important objectives in aesthetic dentistry is the creation of a harmonious smile by changing the proportions of the
mesio-distal widths of maxillary anterior teeth when restoring or replacing them. The theory of the “golden proportion” has often
been used as a foundation in smile design [1]. The Golden Pro-portion was first described by the Pythagoreans in the sixth century
BC, and later by the Euclid the renowned Greek geometrician. This ratio is approximately 1.61803:1; the smaller section is about 62%
of the size of the larger. The rareness of this ratio is that the ratio of the smaller part to the larger part is same as the ratio of larger part
to the whole [2]. Ricketts had devised a golden proportion caliper which he used to estab-lish and evaluate the ratios between various
features of an attractive face [3]. Levin mentioned from his studies that width of the maxillary lateral incisor is in golden proportion to
the width of the maxillary central incisor. The same was true for the width of the maxillary canine to the lateral incisor when viewing
from the frontal view [4]. Gillen., et al. did a study of 54 subjects and they found out that the golden proportion was rarely seen [5].
This may be due to the fact that their measurements were made di—rectly on the casts, rather than on scanned photographs.

In Orthodontics, Ricketts was the first to mention that the physical beauty of the face should be ap—proached mathematically [6]. He
advocated the use of the golden proportion in that all respects related to facial harmony. Some other authors have also mentioned
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the use of this proportion in anterior aesthetics and have stated the golden proportion is a reliable parameter [7,8]. Some authors
have stated that the golden proportion is not present in attractive faces, natural aesthetic smiles and is not suitable to relate to the
successive width of the maxillary anterior teeth [9-11]. Due to the contradiction in the above mentioned studies, there is confusion for
both the clinician and technician. Therefore, to fill this lacuna the objective of this study was to investigate the existence of the golden
proportion between the widths of the maxillary anterior teeth in North Indian individuals having an aesthetic smile.

Material and Methods

This study was conducted at “Smile Train Centre” Swami Vivekanand Hospital Lucknow India. 120 subjects were taken and were
divided into 2 groups Male -60, Female - 60 (mean age 20.43 years). An inclusion criterion for the study was as follows:

a) Age between 18 and 25 years

b) Skeletal and Dental Class I relation with well balanced orthognathic profiles
¢) No crowding, spacing or rotation in anterior teeth

d) No history of previous orthodontic treatment or anterior restorations

e) No previous history of trauma to the dentition.

f) Presence of all anterior teeth from premolar to premolar

Those subjects whose natural smile showed any visual tension (crowding, rotations, malformations, fractures, abnormalities etc)
with regards to the study and their own criteria were not selected for the study.

A written, informed consent was obtained from all subjects and the Institutional Review Board approval was obtained. A frontal
photograph was taken of each individual with an aesthetic smile by D 3200 DSLR camera in natural head position. The patient
was told sit in an upright and comfortable position. The upper lip was retracted to clearly display the maxillary anterior teeth as
well as its respective gingiva. Lighting and staging were kept constant. All photographs were scanned and saved in a personal
computer using an image measurement program (Dimaxis R 2.3.3, Planmeca, and Helsinki, Finland) [12]. This was done to enable
measurements of the apparent mesio-distal width of each anterior tooth as seen from the frontal view. All the images were taken in
a 1:1 ratio. The zoom function of the program was used to achieve a more precise measurement and indication of the mesial and
distal contour of the anterior teeth. Using the software vertical lines were drawn at the mesio-distal contours of all the anterior as
seen from the frontal view (Figure 1). The distance between these lines was measured and used to calculate the golden proportion
(Table 1,2). All measurements were performed for both the sides by one individual.

Figure 1: Mesio-distal measurement of all the anterior as seen from the frontal view

Male (n=60) Female (n=60) Total (n=120)
Parameter
Mean SD Mean SD Mean SD
CI 8.71mm 0.56 8.50mm 0.64 8.61lmm 0.61
LI 5.93mm 0.66 5.91mm 0.62 5.92mm 0.64
C 4.69mm 0.58 4.39mm 0.69 4.54mm 0.66
P 3.27mm 0.71 3.08mm 0.63 3.18mm 0.68

CI - Central Incisor, LI - Lateral Incisor, C - Canine, P - Premolar
Table 1: Measurement of mesio-distal widths of anterior teeth as seen from frontal view

Male (n=60) Female (n=60) Total (n=120)
Parameter
Mean SD Mean SD Mean SD
CI/LI 1.49 0.18 1.45 0.18 1.47 0.18
LI/C 1.28 0.21 1.37 0.23 1.33 0.22
C/P 1.52 0.55 1.49 0.46 1.51 0.50

CI - Central Incisor, LI - Lateral Incisor, C - Canine, P - Premolar
Table 2: Golden Proportion ratio
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Statistical Analysis

A master file was created with the data, and it was statistically analyzed by using the Statistical Package for Social Sciences Software
Version 17 (SPSS Inc. Released 2008. Chicago: SPSS Inc). The data was subjected to descriptive analysis for mean, standard deviation,
and 95% confidence interval. ‘p’ value less than 0.05 was considered to denote a statistically significant association. For comparison
of gender groups independent samplest’-test was performed. Ten images were measured again by the 2 other investigators to
establish the validity of the taken measurements. A correlation of 0.95 for the three measurements was seen. 10 of the images were
measured again under the same conditions 15 days later to establish the reliability of the measurements. A correlation of .97 for the
measurements was seen.

Results

The existence of the golden proportion was found to be nearly similar in the left and right side and for both sexes. It was found
that the Golden Proportion ratio was higher in females than in males for lateral incisor/canine (Graph 1). For both the genders as
well as collectively, a significant difference (p<0.001) from golden proportion was observed for all the three ratios being evaluated
(Table 3).
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Graph 1: Golden Ratio measurement
Male (n=60) Female (n=60) Total (n=120)
Parameter
(t) (P’ (t) ‘P) (t’ (P)
CI/LI 98.2 <0.001 83.3 <0.001 125.8 <0.001
LI/C 50.3 <0.001 53.8 <0.001 73.8 <0.001
C/P 40.9 <0.001 30.9 <0.001 48.8 <0.001

CI - Central Incisor, LI - Lateral Incisor, C - Canine, P - Premolar
Table 3: Significance of difference from Golden Proportion

Discussion

Determination of a symmetric or geometrical relation among the anterior teeth is important to achieve an aesthetic result.
Existence of statistically reliable results will help to support these existing theories. The rule of the golden proportion is as follows:
the width of the max~illary anterior teeth from the frontal view with the width of the lateral incisor is 0.62, the width of the canine
compared to that of the lateral incisor is 0.62, while the width of the central incisor compared to that of the lateral is 0.62 [13].
Several studies were conducted to find possible applications of the rule of golden proportion in dentistry [6,14,15]. The golden
percentage was a modifica-tion which was proposed as a simple and objective tool to assess such dental aesthetic measures such
as anterior prominence, symmetry across the midline, and the regressive proportions [16]. The largest study done on the golden
proportion involved 376 dental students in Jordan. The authors found that average ratio of the maxillary central incisor, the lateral
incisor, and the canine was 1.53:1:0.8. Dimensions that matched the rule of golden proportion were found in only 31.3% of the
women and 27.1% of the men [17].
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Rosenstiel., et al. found that golden proportion was seen only when very tall teeth and less desirable teeth were taken into
consideration (not for normal height or shorter teeth) [18]. However, the universal use of the golden proportion should no longer
be considered since many articles have showed that the golden proportion was not seen in a majority of observed aesthetic
smiles. In the current study the existence of the golden proportion was found to be nearly similar in the left and right side and
for both sexes. This was also seen in other studies done on golden proportion [4,7,19]. It is clear from the above mentioned result
that individual variations are not seen in the golden proportion as tooth sizes on both sides are nearly the same unless some
malformation or deformity is seen [20,21]. It was found that the Golden Proportion ratio was higher in females than in males for
lateral incisor/canine. This sexual dimorphism was also seen in studies done by various other authors [4,10,20,21]. This could be
seen due to the fact the males have larger teeth sizes than females. Since all the subjects were North Indian we can rule it out. For
both the genders as well as collectively, a significant difference from golden proportion was observed for all the three ratios being
evaluated. This depends on the individual tooth sizes and the position of the teeth on the arch. Only subjects with aesthetic smiles
were taken (without any visual tension) hence the positioning of the teeth in the arch would have been satisfactory. Tooth size
plays the major role in this study. Textbooks have suggested that golden proportion is required for an aesthetic smile but results
of the current study have shown that golden proportion was not present between the widths of the maxillary anterior teeth in
individuals who had an aesthetic smile [1,3,12,17]. This may be mainly due to individual variations in each individual. Genetics
also plays a major role in tooth sizes. The textbooks studies were done around 30 years ago. Change in environment and lifestyle
from childhood also may affect the size of the teeth and development of the facial soft tissues. Further research on this topic is
required to obtain clarity on this matter.

Conclusion

A The existence of the golden proportion was found to be nearly similar in the left and right side and for both sexes.

B. It was found that the Golden Proportion ratio was higher in females than in males for lateral incisor/canine.

C. Sexual dimorphism in golden proportion was observed for all the anterior teeth being evaluated with males having a higher
ratio.

D. Golden proportion is not required for having an aesthetic smile.
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