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Abstract: Impacted teeth are a common issue in orthodontic treatment. Due to the teeth not erupting
normally, they can lead to misalignment and disturbed occlusal relationships. Traditional orthodontic
methods largely rely on the experience and techniques of the practitioner, but they often have certain
limitations. To enhance the precision and effectiveness of orthodontic treatment for impacted teeth, this
paper introduces the technique of three-dimensional finite element analysis. This method, based on
computer technology, allows for accurate simulation and prediction of complex physical phenomena. In
the field of orthodontics, finite element analysis can simulate the process of tooth movement and tissue
remodeling, providing a more scientific basis for clinical treatment. It is hoped that the results from the
finite element analysis will provide clinicians with more precise treatment plans, thus improving the
accuracy and effectiveness of orthodontic treatments for impacted teeth.
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1. Brief Elucidation of Impacted Teeth
1.1 Causes of Impacted Teeth

The main causes of impacted teeth include the following: First, erroneous original position of the
tooth germ: The tooth germ being too far from the eruption point or in an abnormal position, preventing
normal tooth eruption, which is a congenital factor. Second, eruption obstacles: The most common cause
is severe dental caries in early childhood, premature loss of deciduous teeth, or inflammation of the tooth
root. Additionally, supernumerary teeth can prevent the eruption of permanent teeth, leading to impaction.
Most of these etiologies are preventable. Third, constitutional factors such as genetic factors or endocrine
disorders. Severe malnutrition can also prevent the eruption of multiple teeth, potentially leading to
impaction. When impacted teeth cause pain or symptoms like compression and resorption, it's advisable
to consult the dental department promptly for accurate diagnosis and follow prescribed treatment
protocols [1-3].

1.2 Classification of Impacted Teeth

The classification of impacted teeth is primarily based on their causative factors and locations.
According to the cause, impacted teeth can be divided into deciduous teeth retention-type impactions and
permanent teeth germ autogenous impactions. Retention-type impactions of deciduous teeth occur when
the roots of deciduous teeth are not absorbed or incompletely absorbed, preventing their timely shedding
and affecting the normal eruption of permanent teeth. Permanent teeth germ autogenous impactions are
due to abnormal development of the permanent tooth germ itself, leading to eruption failure. Based on
location, impactions can be classified as upper anterior, lower anterior, upper canine, lower canine, upper
molar, lower molar, and so forth. Moreover, depending on whether the impacted teeth can erupt on their
own, they can be categorized into non-osseous impactions, including impacted wisdom teeth, impacted
canines, etc., and osseous impactions, including bone-embedded impacted teeth and soft tissue-
embedded impacted teeth.
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1.3 Hazards of Impacted Teeth

The hazards of impacted teeth mainly include the following aspects: First, aesthetic impact: Impacted
teeth commonly occur in the anterior region, especially canines and third molars. In cases where extra
teeth are impacted between the upper incisors, the gap between the two central incisors may widen. Or,
in cases of impacted central incisors, the appearance may be affected if only one incisor is present. Second,
affecting tooth alignment and occlusion: If a tooth fails to erupt in the dental arch, the adjacent teeth
might tilt into the gap, causing issues in tooth alignment and occlusion. Third, causing compression
symptoms on adjacent teeth: Impacted teeth can exert pressure on neighboring teeth. For example, a
second molar can undergo root resorption due to pressure from an impacted third molar, leading to pain,
pulpitis, and periapical periodontitis. Fourth, potential for jaw cysts, resorption of roots of adjacent teeth.
Therefore, once impacted teeth are detected, it is advisable to seek medical attention promptly and follow
the dentist's recommendations for appropriate treatment[4-6].

2. Orthodontic Treatment Strategies for Impacted Teeth Using Three-Dimensional Finite Element
Analysis

2.1 Determining Treatment Objectives and Plans Based on Three-Dimensional Finite Element
Analysis Results

The determination of orthodontic treatment objectives and plans for impacted teeth, based on three-
dimensional finite element analysis results, involves specific steps as illustrated in Figure 1. The first
step is to establish the orthodontic treatment objectives based on the patient’s condition and needs, as
well as the dentist's recommendations and judgment. For instance, if an impacted tooth is causing
compression on adjacent teeth, the treatment objective might be to relieve this pressure and restore the
neighboring teeth to their normal position. If there is no compression, the objective might be to guide the
impacted tooth to a normal position and establish a proper occlusal relationship. The second step, through
three-dimensional finite element analysis, allows for the simulation of the tooth movement process. This
helps in predicting the outcomes of tissue remodeling and tooth movement during the process. Based on
the simulation results, the orthodontic treatment plan can be adjusted to optimize the effects of tooth
movement. The third step involves selecting appropriate orthodontic methods and parameters based on
the simulation results and treatment objectives. For example, thicker archwires and ligation methods
might be used if an impacted tooth requires significant movement; finer archwires for smaller movements.
Treatment duration and course should also be considered to ensure optimal treatment outcomes. The
fourth step involves regular monitoring and adjustment of the treatment effectiveness during the
orthodontic process. While three-dimensional finite element analysis can predict the outcomes of tooth
movement and tissue remodeling, actual results may vary from the predictions. Therefore, regular X-
rays, model measurements, and other methods are necessary to monitor tooth movement and tissue
remodeling outcomes, adjusting the treatment plan according to the actual situation.
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movement process Monitor the effectiveness
and make adjustments
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Figure 1: Orthodontic Treatment Plan for Impacted Teeth
2.2 Choosing Appropriate Orthodontic Forces and Devices to Ensure Stability of Tooth Movement

After determining the orthodontic treatment objectives and plan for impacted teeth, selecting
appropriate orthodontic forces and devices is key to ensuring stability and safety of tooth movement.
First, choose the appropriate orthodontic force. The magnitude and direction of the orthodontic force
should be based on the expected goals of tooth movement. Generally, the force should be sufficient to
move the teeth in the intended direction and distance, but not so great as to cause damage to the teeth and
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periodontal tissues. Therefore, the magnitude of the orthodontic force needs to be adjusted based on the
tooth movement, patient’s feedback, and dentist's advice. Second, select the appropriate orthodontic
appliance. Orthodontic devices include various archwires, elastics, springs, etc., used to generate
orthodontic forces and control tooth movement. The choice of orthodontic device should consider factors
like the shape, size, and position of the teeth, as well as the patient’s age and health condition. For
impacted teeth, special devices may be needed to control the direction and distance of tooth movement,
ensuring stable movement to the desired position. Additionally, to ensure stability and safety of tooth
movement, regular check-ups, maintaining oral hygiene, avoiding excessive force, and timely medical
consultations are necessary to ensure smooth treatment and effectiveness.

2.3 Developing a Reasonable Orthodontic Plan, Including Direction and Speed of Tooth Movement

Developing a reasonable orthodontic plan, including the direction, speed, and timing of tooth
movement, requires consideration of multiple factors. First, the direction of tooth movement. Second,
the speed of tooth movement. Generally, younger people have faster tooth movement, while older
individuals have slower movement. In the initial phase of treatment, a slower movement speed is usually
adopted to reduce pain and discomfort. The speed can be increased as treatment progresses. Regular
three-dimensional finite element analysis should be conducted to monitor the speed and direction of tooth
movement and make adjustments as needed. Third, the timing of tooth movement. Generally, orthodontic
treatment for impacted teeth takes longer because it involves overcoming resistance to move the teeth to
the correct position. During the treatment, adjust the duration based on the speed and effectiveness of
tooth movement. Regular finite element analysis is essential to evaluate treatment effects and decide if
treatment time needs to be extended. However, in actual orthodontic plan formulation, factors like the
patient’s specific situation, the dentist's experience and professional opinion, and the limitations of
treatment equipment should also be considered. Therefore, it is advised to have detailed discussions and
consultations with a professional orthodontist before treatment to ensure the development of the most
suitable orthodontic plan for the patient [7-10].

2.4 Adjustments during Orthodontic Process Based on Three-Dimensional Finite Element Analysis
Results

Timely adjustments and optimizations during the orthodontic process based on the results of three-
dimensional finite element analysis are crucial to ensure the treatment outcomes meet expectations. The
importance and steps of this process are further detailed below, as shown in Figure 2. First, understand
the results of the three-dimensional finite element analysis. Precision: The analysis provides accurate
responses of teeth, bones, and soft tissues under orthodontic forces, aiding dentists in more accurately
predicting the process and outcomes of tooth movement. Visualization: The analysis allows dentists to
visually observe the entire process of tooth movement, including rotation, tilting, and translation of the
teeth. Second, make adjustments based on the analysis results. Direction of Tooth Movement: If the tooth
movement direction deviates from the expected, adjustments can be made by altering the orthodontic
device or changing the magnitude and direction of the orthodontic force. Speed of Tooth Movement: If
the tooth movement speed is too fast or slow, control can be achieved by adjusting the frequency and
duration of the orthodontic force. Tissue Response: By analyzing the response of soft tissues and bones,
dentists can adjust the orthodontic force in time to avoid tissue damage caused by excessive pressure.
Further, optimize the treatment plan. Personalized Treatment: Based on the patient’s specific situation
and the results of the finite element analysis, dentists can develop more personalized treatment plans to
maximally meet the patient's needs and expectations. Reduce Complications: By interpreting the analysis
results, dentists can predict and avoid potential complications, such as tooth mobility, root resorption,
etc., ensuring the safety of the treatment. Increase Efficiency: Timely adjustments and optimizations of
the treatment plan can shorten the treatment duration and improve treatment efficiency, providing a better
treatment experience for the patient. Lastly, continuous monitoring and adjustment. During the
orthodontic treatment process, continuous monitoring of tooth movement and tissue response is necessary,
along with timely adjustments based on the actual situation. By continually optimizing the treatment plan,
the treatment outcomes can meet expectations, and patient satisfaction and safety can be maximized. In
summary, timely adjustments and optimizations based on three-dimensional finite element analysis
results are vital in the orthodontic treatment process. They assist dentists in more accurately predicting
and controlling tooth movement, ensuring treatment outcomes meet expectations, and maximizing
patient satisfaction and safety.
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Figure 2: Steps to Optimize the Results of Three-Dimensional Finite Element Analysis.

3. Conclusion

In summary, three-dimensional finite element analysis plays a significant role in the orthodontic
treatment of impacted teeth. By accurately simulating the tooth movement process, it provides valuable
information for dentists, enabling them to more precisely evaluate treatment outcomes and make timely
adjustments to treatment plans. Therefore, timely adjustments and optimizations based on the results of
three-dimensional finite element analysis are key steps in ensuring that treatment outcomes meet
expectations. During the orthodontic process, making timely adjustments and optimizations based on the
analysis results can ensure the stability and safety of tooth movement. By choosing appropriate
orthodontic forces and devices, adjusting the direction, distance, and speed of tooth movement, and
optimizing the treatment plan, the risk of complications can be reduced, and treatment effectiveness can
be improved.
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