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Abstract: The visagism concept in dentistry tries to achieve the most appropriate smile design for
every individual patient. The design is based on facial analysis, the patient’s personality and their
preferences, and is calculated and visualized as a teeth configuration. The paper presents VisagiSMile –
aesthetic dentistry software which automates the theory of dental visagism. The goal of VisagiSMile is to
automate this process of creating aesthetic cases and to eliminate the human factor from the analysis.
Based on innovative data mining approach, the software learns to classify patients’ faces correctly and then
makes the necessary calculations to produce harmonious teeth configuration which can be further adjusted.
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INTRODUCTION
For centuries, the purpose of dentistry is to treat patients by restoring the biological
and functional characteristics of the teeth and by achieving a beautiful smile, even beyond
the natural forms of the specific dental case. The purpose of aesthetic dentistry is to create
beauty and harmony of the smile that meet the desires of the patient. The new
revolutionary materials and techniques of treatment allow for restorations with minimal
weariness of the oral structure and with a very natural effect [8][11].
One challenge in achieving the most desirable smile for the patient is that the
perception of beauty is highly subjective. The constantly increasing patient’s demands
have driven aesthetic dentists to relate the treatment results to the previously
underestimated individual psychological characteristics of each patient. Even though the
achieved results of the treatment meet the technical requirements and all the classical
aesthetic rules, patients may not be satisfied if the design does not express their own
personalities.
The word “visage” derived from French means face, and thus the term visagism
describes the study of the face as to the relation among its elements, traits and its
expression. In dental practice the concept of visagism signifies the creation of a
customized personal smile design that expresses a person’s sense of identity. The
visagism concept is applied in dentistry on three steps, starting with a geometric analysis
of the facial type of the patient, then determining the psychological temperament using a
questionnaire, and finally taking into account the personal preferences.
The subject of this work is to simplify the process of creating dental visagism cases,
to make the concept accessible for dental technicians and to minimize the subjective
interpretation by the operator. To achieve this, the visagism concept had to be extended
into a measurable and valid rule set and specific software had to be developed, and this
software was called VisagiSMile.
VISAGISMILE - SMILE DESIGN SOFTWARE
The visagism concept applied in aesthetic dentistry is associated with assessment of
the facial type, which involves subjective judgment, time consuming personality test and
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also complex calculations of the teeth configuration. The numerical results then have to be
visualized as a teeth design which serves for the patient, for the dentist and for the dental
laboratory. These operations make the application of the concept difficult and prone to
errors for the dentists. The solution is to develop a software application which eliminates
the subjective judgment, automates all calculations and visualizes the final result – the
optimal teeth configuration, in a matter of minutes.
Excellent quality DSD (Digital Smile Design) software products exist on the market,
such as DSD 2D, Smile Designer Pro, Planmeca Romexis® Smile Design [4][12][13].
However these solutions do not apply the visagism concept which produces a smile design
in relation to the facial type and personality of the patient which is perceived as more
harmonious. VisagiSMile is a software that automates the process of creating dental
visagism case. VisagiSMile is a multiplatform web application for aesthetic dentistry which
does not require installation, but only a simple registration process to get started. All cases
and data are stored on a server to allow dentists to work on different devices and platforms
– computers, tablets and smartphones. The research on the Visagism concept is an
ongoing process which constantly changes the requirements for the software. The
development of VisagiSMile is based on the Agile [1] software development principles by
continuously delivering a working software product. A new version is delivered every few
weeks in the form of an update of the application. All users continue working with their
accounts and data while taking advantage of the new features.
The process of creation of a dental visagism case with VisagiSMile includes seven steps,
as presented on Fig. 1.

Fig. 1: The process of creating a dental visagism case with VisagiSMile
GRAPHICAL USER INTERFACE OF VISAGISMILE
The graphical user interface (GUI) is designed before proceeding with the
development. The first draft of the GUI consists of wireframes (Fig. 2) which present a
schematic view of the interface. Wireframes are changed very easily which reduces the
time needed to discuss different variations of the GUI.
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Fig 2: Wireframes of the VisagiSMile graphical user interface
After approval of the wireframes, they are further implemented into a graphical
design of the user interface (Fig 3). The design is more detailed and defines the actual
look of the software using the exact colors and shapes.

Fig 3: Designs of the VisagiSMile user interface
PROGRAMMING LANGUAGES AND TECHNOLOGIES
VisagiSMile is a web application and the following programming languages are used
for its development: PHP, JavaScript, HTML5, CSS3 [7]. The area which visualizes the
teeth configuration and allows editing is implemented as a HTML5 canvas which is
manipulated in real time by using JavaScript and AJAX. The database engine is MySQL.
The software also incorporates open source libraries such as jQuery and jQuery UI [9].
The content management system is WordPress which is also open source and provides a
PHP development framework and standard features which expedites the development.
The web server is Apache with the possibility for optimization as the application scales up
by combining Apache with NGINX [10].
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SOFTWARE MODULES
The core of VisagiSMile is a content management system (CMS) which supports the
modules and functions and allows the possibility for scaling and expanding the software.
The CMS also provides basic functions such as user management and content
management for the static (presentation) pages and the news. This is done by using an
administrative panel – a section only accessible for users with an administrative role. The
most important modules of VisagiSMile are:
Module for facial features mark-up and classification
According to visagism, the patient’s temperament and facial type are combinations of
four elements: strong, dynamic, delicate and calm, that are borrowed from Hippocrates’
choleric, sanguine, melancholic and phlegmatic. For instance, patients who have
rectangular faces, formed by well-defined angles and vertical and horizontal lines, have a
visual expression of strength and power, generally related to the strong facial type. The
visagism concept relates the facial type and the psychological temperament to specific
harmonious teeth configurations.
In visagism, the classification of the facial type is usually done by trained technicians
who can analyze the facial shapes. This is a subjective process that requires special skills.
To make the process accessible to more dentists we have had the challenge to train a
computer algorithm to classify the faces in consistence with the classifications done by
human operators. A facial map is a collection of points that define specific facial shapes
and is used in visagism to help in facial classification. The VisagiSMile software allows the
dentist to calibrate a photo of the patient’s face and to select specific points on the face
which define a digital facial map (Fig. 4).

Fig 4: Digital facial map drawn on the patient’s facial photo
The module for facial features mark-up and classification allows the operator to
upload photos of patients’ faces. The operator selects important facial points by clicking on
the photo of the patient. The points define reference lines which form the facial map and
define the shapes of the facial contour, the eyes, the nose and the mouth. The selected
points are recorded into the database.
By analyzing the facial map, VisagiSMile can automatically classify the type of face of
the patient. The software currently uses two methods of classification: geometrical
approximation and classification trees. While observing the digital facial map, the operator
can evaluate the facial structure and manually adjust the automated decision.
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Classifying the Facial Type by Geometrical Approximation
One method to automatically classify the patient’s face is by geometrical comparison
of the facial map with the typical maps for different types of faces – strong, dynamic,
delicate and calm (Fig. 5). This method assumes that all points and facial features from the
facial map are important for the facial type.

Fig 5: Typical digital facial maps for different types of faces
The algorithm was first trained by analyzing 91 faces, classified by an expert dentist.
The results of the training are typical facial maps for the different facial shapes which are
stored in a database. When a picture of a patient is uploaded and the facial map is
selected by the dentist, the algorithm iterates trough the facial features – the facial contour,
the eyes, the nose and the eyebrows, the mouth. It compares each feature to the
reference maps and calculates which shape fits best. By using the results for all features, it
classifies the whole face (for example 12% strong, 39% dynamic, 49% delicate, 0% calm).
When validated on testing data, the geometrical approximation method classified 56% of
the cases correctly. The accuracy will be further improved by training the algorithm with
more cases.
Classifying the Facial Type by Using Classification Models
A more skeptical approach is to assume that probably the points and the features
from the facial map are significant for the facial type. But, maybe, not all of them are
important and the significant ones are not equally important. By applying the iterative data
mining approach of the CRISM-DM methodology [2] classification models that predict the
type of the faces have been created.
One of the data mining software products that was used is Weka [6], which is an
open source Java software. Data for 91 patients has been prepared. All points from the
facial maps and various proportions have been selected as inputs, and the facial type - as
a target. The data mining software products generated and validated classification models
– classification trees, regression models, rule induction models, Bayesian networks,
discriminant analyses. The validation showed that the accuracy of the best models is
84,3% in predicting the facial types of the patients.
The most effective models for classifying the facial type are classification trees (Fig 6)
that openly present the reasoning for each rule and can therefore be used to understand
the decision making process that drives a particular outcome. Classification trees start with
the most important success predictors and split the cases into groups (represented by
nodes), depending on the responses. The process continues until the case reaches an
end (leaf) node which indicates the predicted value of the target – the type of face. For
example, the topmost node “dist_i” represents the relative mouth height (from 0 to 1),
which is the most important predictor in this model. The next predictor is “dist_d” – the
eyes height.
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Fig 6: Classification tree created with the J48 algorithm of Weka
Module for interview
The optimal tooth shape is determined with the help of an interview (a questionnaire
in the software). The questionnaire is based on popular psychological tests for personal
self-assessment. (Fig. 7). The first question is an adapted test by Dellinger [5] and the
other three questions concern personality traits based on the theory and questionnaire by
Eysenck [3]. The questionnaire is checked by a computer algorithm to classify the patients’
personalities.

Fig 7: Sample question from the psychological test in VisagiSMile
Based on the data from the interview, a software algorithm automatically calculates
the temperament, as perceived by the patient. The temperament is a combinations of
strong, dynamic, delicate and calm.
The patient is also asked to provide their preferences about the desired teeth design
which is also included in the calculation of the optimal teeth configuration. The preferences
include characteristics of the teeth related to their color, texture and shape.
Module for teeth design
The software analyzes the data about the facial types, the patients’ personalities and
their preferences by applying the visagism theory, it automatically suggests the optimal
teeth configuration (Fig. 8). The teeth configuration defines the central incisors, lateral
incisors and canines on the upper jaw of the patient.
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Fig. 8 Sample proposed teeth configuration (left) and aligned with a real photo (right)
The teeth configuration is a combination of the following factors:
incisal projection (3 types: straight line, inclined line, arc) – based on the facial
analysis,
x tooth axis (2 types: straight or inclined) – based on the facial analysis,
x dominance (4 types: indicate which teeth have proportionally bigger size) – based
on the facial analysis,
x tooth shape: strong (rectangle), dynamic (triangle), delicate (oval), calm (square) –
based on the interview - totally 16 combinations of shapes for the 6 teeth.
The software draws the teeth configuration in the browser window in real time. This is
done by using HTML5 canvas, which is manipulated with the JavaScript programming
language (Fig. 9).
x

Fig. 9 Initialization of a HTML5 canvas with JavaScript
Module for teeth design adaptation
The module allows dentists to adjust the teeth configuration proposed by the
software according to the specific clinical case. The finished design is positioned on a
photo of the patient’s teeth to achieve best visualization. The final result can be printed on
paper or exported as an image or PDF for use in a dental laboratory.
CONCLUSIONS AND FUTURE WORK
VisagiSMile currently has a community of over 400 registered users who have
created over 1000 dental cases by using the software. The feedback given by dentist is
mostly positive, but with many requests for new features.
Future plans include growing the user database and increasing the accuracy of the
facial classification. In future versions, a neural networks algorithm will automatically
classify the faces without the use of a manually selected facial map. The proposed teeth
design will be adapted on the patient’s full-face photo to easily check the aesthetic result.
Currently a new version of the software is under development, it will work in full screen.
VisagiSMile will also be developed as a mobile application for Android and iOS devices.
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