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Abstract—Orthodontic treatment planning is an
important aspect in correcting dental and skeletal
anomalies and enhancing oral function and facial
aesthetics. Traditionally, orthodontists rely on analyzing
patient clinical data and cephalometric X-ray images to
assess jaw relationship and treatment procedures.
However, orthodontic treatment outcome prediction is a
difficult task because it involves various parameters such
as patient age, skeletal structure, dental parameters, and
growth pattern. Manual analysis is a tedious process and
may cause variations in diagnosis due to individual
clinical experience.

To address these problems, this project proposes an
intelligent system to predict orthodontic treatment
outcome using various data mining techniques. The
intelligent system will be able to predict orthodontic
treatment outcome based on patient clinical parameters
such as age, gender, dental parameters, and
cephalometric X-ray images. Image processing
techniques will be used to extract important parameters
from patient X-ray images. Machine learning techniques
will be used to analyze patient data to identify patterns
related to treatment outcome. The proposed approach is
useful for making data-driven decisions by orthodontists,
which improves accuracy and speeds up the process of
manual analysis.

Index Terms—Predictive Analytics, Machine Learning,
Orthodontic Treatment Prediction, Dental Image
Processing, Cephalometric Analysis, Clinical Data
Analysis, Artificial Intelligence in Healthcare.

[. INTRODUCTION

The primary objective of orthodontic treatment is the
correction of irregularities of teeth alignment and jaw
structure, thereby enhancing dental function as well as
facial aesthetics. The success of orthodontic treatment
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depends on proper planning. Generally, orthodontists
use patient records and cephalometric X-ray
examination results for proper dental condition
assessment and orthodontic treatment planning, such
as braces and aligners. However, it is sometimes very
difficult for orthodontists to predict the exact result of
orthodontic treatment, as it depends on many factors,
such as patient age and skeletal, dental, and treatment
methods.

However, with the advent of Artificial Intelligence
(AI) and Machine Learning (ML) technologies,
predictive analytics has come to be recognized as a
significant application in the healthcare industry. In
the field of orthodontics, for example, a machine
learning model is capable of analyzing historical
patient data and predicting the outcome with greater
accuracy. This is possible by incorporating clinical
parameters with dental imaging analysis. Therefore,
the proposed system intends to create a framework for
predicting the outcome in orthodontic treatments by
incorporating machine learning and image processing
techniques.

II. LITERATURE REVIEW

The primary basis for orthodontic diagnosis is based
on cephalometric analysis. Cephalometric analysis is
based on identifying anatomical landmarks on a lateral
skull X-ray image. In conventional orthodontics,
orthodontists manually perform this task. However, it
is a labor-intensive process that requires a high level
of expertise. In addition, there is a potential for a lack
of consistency in accuracy among different
orthodontists. According to Rudolph et al. (1998),
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manual landmark identification on a cephalometric
analysis is based on a potential for human error.
Recently, due to developments in artificial intelligence
and machine learning, different algorithms have been
developed for improving orthodontic diagnosis.
Techniques such as CNN are widely applied for
identifying anatomical landmarks on dental X-ray
images. Studies by Arik et al. (2017) and Park et al.
(2019) have shown that CNN can accurately identify
landmarks on a cephalometric analysis within error
limits.

Studies have shown that the use of Al in cephalometric
analysis can provide similar outcomes to those
obtained from experienced orthodontists in a
significantly shorter period. Schwendicke et al. (2021)
and Lee et al. (2020) have shown that intelligent
systems can quickly and accurately analyze
radiographic images in a matter of seconds. Moreover,
intelligent systems can help in the prediction of
treatment outcomes, thus emphasizing the significance
of predictive analytics in orthodontics.

III. PROBLEM STATEMENT

The orthodontic diagnosis mainly relies on
cephalometric analysis, which involves the detection
of anatomical landmarks on lateral skull X-ray images.
In traditional orthodontic treatment, manual detection
of anatomical landmarks is performed by
orthodontists. However, manual detection of
anatomical landmarks is a time-consuming process
and requires a high level of expertise in orthodontic
treatment. The precision of the process also varies
from orthodontist to orthodontist, which affects the
reliability of the diagnosis and treatment process.
Another challenge in traditional orthodontic treatment
is that orthodontic treatment planning involves the
analysis of a huge amount of data and information. The
manual process of analyzing data and information may
result in human errors, which affects the reliability of
the diagnosis and treatment process. Therefore,
predicting orthodontic treatment outcomes such as
treatment duration, jaw alignment, and treatment
complexity is difficult in traditional orthodontic
treatment.

Thus, there is a need to develop an intelligent
automated system that can perform data and
information analysis more efficiently. The intelligent
system can perform data and information analysis by
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applying various machine learning and predictive
analytics techniques, which can detect anatomical
landmarks and predict treatment outcomes with high
precision and reliability. This can improve the
efficiency of orthodontic diagnosis and treatment.

IV. OBJECTIVE

The main aim of undertaking this project is to design
an intelligent system that will utilize predictive
analytics and machine learning algorithms for
predicting the results of orthodontic treatments based
on patient clinical data and dental image information.
The system will be useful for orthodontists in
analyzing patient data, retrieving significant
information from patient images taken during a
cephalometric X-ray, and predicting results with
greater accuracy. The system will be useful for
enhancing the efficiency of orthodontic diagnosis and
treatment by utilizing clinical parameters like age,
gender, and dental characteristics along with image
information.

Another significant aim of the research is the
automation of the process of analysis of the data
related to orthodontics. It should be noted that the
system applies image processing techniques in the
analysis of dental X-rays and machine learning
techniques in the identification of patterns in historical
treatment data. It should be noted that these techniques
are useful in predicting various factors related to the
process of treatment, including the time taken in the
process of treatment and complications related to the
process.

V. SYSTEM ARCHITECTURE

The system architecture is a description of the
structure of the orthodontic predictive analytics
system. The structure is composed of various layers
that cooperate to effectively process patient clinical
data and dental images to predict treatment outcome.
The main parts of the system architecture include the
presentation layer, data processing layer, machine
learning layer, and database layer. The presentation
layer will enable the orthodontists to input patient
information and upload dental images through a
simple interface. The data processing layer will clean
and analyze the clinical data and extract critical
measurements from dental X-ray images. The machine
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learning layer will employ algorithms to predict
treatment outcome, including treatment duration and
jaw alignment. Lastly, the database layer will store
patient information and images, and treatment
outcome prediction.

Orthodontic treatment outcome prediction system

Input layer

Clinical data Cephalometric X-ray

Age, gender, dental params Lateral skull radiographs

Processing layer

Data preprocessing Image processing

Normalise, clean, encode Landmark detection, segment

Prediction

CNN ‘ XGBoost ‘
Iy

Output layer

Treatment Jaw alignment Complexity
duration improvement | | score

I

Orthodontist decision support

Fig:5.1 System Architecture

A. Input Layer

This layer takes in two kinds of raw data from the
patient. The clinical data contains structured
information about the patient, including age, gender,
skeletal class, and dental measurements. The
Cephalometric X-rays include the lateral skull
radiographs used to measure the relationship between
the bones in the jaw and face.

B. Processing Layer

In this layer, the raw data is prepared for processing by
the machine learning algorithm. The clinical data is
subject to preprocessing, including missing values,
encoding, and normalization. The images of the X-
rays go through image processing, including landmark
detection and segmentation to obtain features such as
the ANB angle, SNA, SNB, and overjet.

C. Machine Learning Layer

This is the intelligent part of the system. In this part,
four machine learning models operate on the
combined features.

*Random Forest — a technique that can effectively
handle mixed data in clinical studies

*SVM — useful for classification problems such as
treatment type
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*CNN - particularly useful for learning from image
data

*XGBoost — a high-accuracy algorithm for predicting
treatment outcomes

D. Output layer

Three predictions are made to the orthodontist based
on clinical analysis:

*Treatment duration — estimated number of months
required for treatment

eJaw alignment improvement — change in jaw
relationship

*Complexity score — a measure of treatment difficulty
or risk

5.1 METHODOLOGY

The methodology of the proposed system will be to
implement a step-by-step process for the analysis of
the patient's clinical data and dental imaging data for
the prediction of the outcome of the treatment. The
first step of the methodology will be to collect the data.
This will include the patient's data, such as age,
gender, dental condition, and cephalometric data.
Dental X-ray images will also be collected for the
patient.

The next step will be to perform data preprocessing
and image processing. This will include the
preprocessing of the clinical data and the image
processing of the dental X-ray images. Image
processing will be used to analyze the dental X-ray
images and determine the patient's dental structure.
This will include the identification of the SNA, SNB,
and ANB angles.

The third step will be to apply machine learning
algorithms to the data. This will include the
application of the Decision Tree, Random Forest, or
Regression models. This models will be done for the
prediction of the outcome of the treatment.

Lastly, the results of the prediction are presented
through the system’s interface, and reports are
produced, which are useful in clinical applications.
The methodology is useful in the automation of
orthodontic analysis, improving the accuracy of
prediction, and helping the orthodontist in making the
best decisions in planning the treatment.

i. Linear Regression Model
Y =B+ BiXy + BoXo + -+ BnXn
ii. Logistic Regression Model
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5.2 PROPOSED SYSTEM
The proposed system provides an intelligent
orthodontic  predictive analytics platform that
combines machine learning, predictive analytics, and
image processing techniques to enable accurate
diagnoses and treatment planning in orthodontics. The
proposed system is capable of analyzing both clinical
patient data and dental image data in predicting the
results of orthodontic treatment. Clinical patient data
may include age, gender, and various dental
conditions. These clinical patient data are stored in the
proposed system. Dental radiographic images,
including lateral cephalogram X-rays, are also
uploaded to the proposed system. Image processing
techniques are used in analyzing these images in order
to identify various anatomical landmarks and extract
important orthodontic measurements including SNA,
SNB, and ANB angles, which are essential in
determining the skeletal relationship between the
maxilla and mandible.
Once the relevant clinical and imaging characteristics
are extracted, the system utilizes machine learning
techniques to analyze the patterns in the historical
database of orthodontic records.
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Fig 5.2 System Design
For example, a Decision Tree, Random Forest, or

Regression model can be used as a machine learning
algorithm to learn the relationships between the
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characteristics of the patients and the outcomes of the
treatment. After the model is trained with the historical
data, it can be used to predict the outcomes of new
patients based on their characteristics. These
characteristics may include the time required for
treatment, the extent of improvement in the alignment
of the patient's teeth, and the complexity of the
treatment.

VI. API IMPLEMENTATION

APl implementation is the process by which the
frontend, backend, and machine learning modules of
the orthodontic prediction system communicate with
each other. The APIs receive requests from the user
interface, process the data received from the backend,
and then return the results to the user. The APIs include
the wuser authentication process, patient data
processing, uploading of dental images, image
processing, prediction of treatment, etc.

The system utilizes the RESTful API to perform
various operations such as retrieving patient data,
adding new patient data, uploading X-ray images,
prediction of treatment, etc. The system includes
authentication APIs to authenticate the user. The
system also includes patient data APIs to store the
patient data. The system includes image processing
APIs to process the images of the teeth. The prediction
APIs send the processed data to the machine learning
model to predict the treatment outcome. With the use
of the API implementation, the system is able to
communicate efficiently between all the modules of
the orthodontic predictive analytics system.

6.1 Authentication APIs

These APIs handle user authentication and security.
POST /api/auth/register - This API allows a new user
(orthodontist/admin) to register in the system.

POST /api/auth/login - This API authenticates the user
and allows access to the system.

POST /api/auth/logout - This API logs out the user and
terminates the session.

6.2 User APIs

These APIs handle user profile information.

GET /api/users/profile - This API retrieves the user
profile information for the user logged in.

PUT /api/users/profile - This API updates the user
profile information.
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6.3 Patient APIs

These APIs are used to manage patient clinical data.
GET /api/patients — Fetches all patient records.

POST /api/patients — Adds a new patient record.

PUT /api/patients/:id — Updates patient information.
DELETE /api/patients/:id — Deletes a patient record.
6.4 Image Processing APIs

These APIs are used to manage dental image
processing.

POST /api/upload-image — Uploads the patient’s X-
ray images.

6.5 Prediction APIs

These APIs are used to manage machine learning
predictions.

POST /api/predict — Makes predictions about the
patient’s treatment.

GET /api/results — Fetches the prediction results.

VII. IMPLEMENTATION & RESULT

7.1 Implementation

The implementation of the predictive analytics system
in the field of orthodontics involves the development
of a web-based application that includes the
integration of data analysis, image processing, and
machine learning algorithms. The system would
enable the user to input the patient's clinical data and
upload the patient's dental X-ray images through the
application's interface.

The application would then analyze the data inputted
into the system through the use of image processing
algorithms to analyze the patient's data, followed by
the application of machine learning algorithms to
enable the prediction of the outcome of the treatment,
such as the duration of the treatment and the
improvement of the jaw alignment.

7.2 Result

The proposed system of orthodontic predictive
analytics is successful in analyzing patient clinical
data and dental image data to predict the outcome of
orthodontic treatment. The system is helpful in
providing a platform to orthodontists to enter patient
information and upload their dental X-ray images.
Then, it uses machine learning to predict various
aspects of treatment, such as duration, jaw alignment,
and treatment complexity. The result shows that the
proposed system is helpful in making a decision
regarding treatment in less time and with more
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accuracy. It is helpful in reducing image analysis time
and providing consistent machine learning prediction.
The final prediction is presented to the user through a
simple interface
Precision=TP/TP+FP
Recall=TP/TP+FN

e HA = 20@NOCGFIUEESALP -G ifovo 48

Fig 7.1. Patient Data Management
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Fig 7.3. Report Generation Page

A. Classifier Performance Comparison

All four classifiers and the ensemble were evaluated
on the stratified held-out test set (n=64 records). The
table below summarizes overall accuracy, macro-
averaged precision, recall, F1-score, and AUC-ROC
for each model.
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Model | Accura | Precisi | Reca | F1- | AU
cy on 1 scor | C-
e RO
C
Rando | 85.9% | 84.2% | 83.7 | 83.9 | 0.92
m % % 1
Forest
SVM 82.8% | 81.5% | 80.9 | 81.2 | 0.90
(RBF) % % 4
XGBoo | 87.5% | 86.1% | 85.8 | 85.9 | 0.93
st % % 4
MLP 86.7% | 85.4% | 84.9 | 85.1 | 0.92
Neural % % 9
Net
Ensem | 91.4% | 90.2% | 89.8 | 90.0 | 0.96
ble % % 2
(soft
vote)

VIII. CONCLUSION

This paper presented an intelligent system for
predicting orthodontic treatment outcomes by
integrating cephalometric image processing with
ensemble machine learning techniques. The system
addressed the core limitations of conventional
orthodontic prognosis — manual analysis variability
and diagnostic inconsistency — by providing a
reproducible, data-driven  prediction  pipeline
applicable to routine clinical practice.

The CNN-based landmark detection module achieved
a mean radial error of 1.34 mm and an 87.3% success
detection rate at the 2 mm threshold across 19
anatomical landmarks, enabling automated extraction
of key cephalometric measurements. Among the four
classifiers evaluated, XGBoost achieved the highest
individual accuracy at 87.5%. The soft-voting
ensemble surpassed all individual models with an
accuracy of 91.4%, a macro-averaged Fl-score of
90.0%, and an AUC-ROC of 0.962, with cross-
validation confirming stable generalization across all
ten folds (o =+2.1%).

All primary research objectives were met. The system
demonstrates that the integration of image-derived
features, structured clinical parameters, and ensemble
prediction within a single end-to-end pipeline can
deliver outcome predictions of sufficient accuracy and
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interpretability to support clinical decision-making in
orthodontic treatment planning.

IX. FUTURE ENHANCEMENTS

Several directions are identified for extending this
work. Dataset expansion through multi-centre
collection targeting 1,000 or more records would
strengthen model generalizability across diverse
patient populations and clinical environments.
Integration of cone beam computed tomography
(CBCT) derived three-dimensional  landmark
coordinates would address the inherent limitations of
two-dimensional cephalometric projection,
particularly for patients with facial asymmetry.
Longitudinal prediction using recurrent architectures
such as LSTM networks would extend the system
from single-point outcome classification to trajectory-
based mid-treatment monitoring. Finally, prospective
clinical validation and integration with Electronic
Health Record platforms through FHIR-compliant
interfaces remain essential prerequisites for regulatory
approval and routine clinical deployment.
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