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Abstract: Among the causes of temporomandibular disorders, occlusal factors have long been considered
to play an important role in the occurrence and development of temporomandibular disorders, in which
the third molar is extended to form intrusive contact with the opposite second molar, which is common
in clinical practice and often accompanied by the symptoms and signs of TMD. This article briefly
reviews the effect of third molar elongation on the morphology of temporomandibular joint.
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1. Introduction

With the evolution of human beings, the third molar (wisdom teeth) has shown an obvious trend of
degradation, which is manifested as congenital absence, impaction, abnormal tooth position, and occlusal
disorder. Some scholars have pointed out that there is a certain relationship between the elongation of
third molars due to the absence of opposing teeth. However, the results of systematic studies on this
aspect have not been reported. The relationship between abnormal occlusal characteristics of third molars
and temporomandibular disorders (such as anterior disc displacement with reduction, osteoarthritis, etc.)
remains to be studied. There is a significant relationship between the morphological changes of the TMJ
and the elongation of the third molar. The main mechanism may be caused by the displacement of the
condyle caused by disorder, followed by the discoordination of the disc-condyle relationship [,

2. Malocclusion caused by third molar elongation

The third molar extended to contact the opposing second molar, producing an abnormal bite force. At
the same time, the impact force will also be generated on the distal surface of the adjacent teeth, which
will affect the accurate occlusion position of the adjacent teeth [*]. Third molars with elongation often
have posterior arch interference, especially strong occlusal interference during forward movement [,
Due to the adaptive compensatory effect of the body, malocclusion has little effect on the stomatognathic
system in the short term. Once it exceeds the compensatory stage, muscle and temporomandibular joint
damage will occur U#l, Therefore, occlusal interference should be detected and removed as soon as
possible in clinical practice.

The study by Guo S et al. found that mandibular third molar elongation may have an effect on the
precise occlusal contact site of adjacent molars by providing the effect of mesial orientation on its distal
surface. This effect can be seen as a specific tooth wear surface, which develops over time. Because of
the formation of these facets, the original influence of the elongated third molar remains unchanged even
if it is extracted. According to this view, the simple extraction of the third molar at a later stage may not
be sufficient to correct the masticatory pattern formed under its influence, as the formed wear face will
continue to affect the masticatory pattern. A more complete correction of the worn dentition may be
necessary. The excessive elongation of the mandibular third molar has some effect on the chewing pattern,
but this effect is limited in terms of symptoms ),

Wang Meiqing et al. studied the chewing trajectory of patients with third molar elongation and
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confirmed that the occlusal impact force required by patients with third molar elongation was larger than
that of patients with normal occlusion when chewing the same food. The elongation and ectopic eruption
of the third molar can lead to the noncontact between the upper and lower cusps during ICP, and the
stability of the median occlusion and the balance of lateral he movement are decreased. When the
function of TMJ reconstruction needs to exceed the adaptive reconstruction ability of the tissue itself, it
becomes the biological basis for the occurrence of TMD ['%1. Wang Jingjie and Zhang Min et al. found
that the elongation of the third molar can lead to significant changes in the stress characteristics of the
root apex of the mandibular teeth. Such changes may be transmitted to the temporomandibular joint
through the mandible, causing significant changes in its stress and causing a series of symptoms, but the
relevant problems need to be further explored [,

3. Imaging studies
3.1 CBCT

CBCT is a three-dimensional imaging diagnostic equipment commonly used in oral and maxillofacial
examination in the world in recent years. It has high resolution and definition, and can accurately
diagnose maxillofacial abnormalities ['?. The examination time of CBCT is short and the radiation dose
is only 1/400 of that of high-resolution CT. Through the use of computer software, the two-dimensional
data obtained from the projection can be reconstructed to obtain the condylar position and bone changes
from multi-angles and multi-layers such as axial, sagittal and coronal views, which can reflect the three-
dimensional structure of mandible more realistically and comprehensively. It shows bony structure ['3],
which makes up for the deficiency of X-ray film. At the same time, this diagnostic method has high
spatial resolution, high imaging quality, low examination cost, less radiation, less negative impact on
patients, and higher patient acceptance. It is widely used in the examination of oral diseases.

CBCT can clearly depict the bone structure of the TMJ without overlapping with the skull. CBCT
has specific morphological manifestations, which is helpful for the accurate diagnosis of TMJ bone
lesions, including arthropathy, osteoarthritis, degenerative joint disease, etc 141,

3.2 MRI

MRI is the best imaging technique for the evaluation of TMD patients. It has good soft and hard tissue
contrast, and can provide the best soft tissue visualization of temporomandibular joint and masticatory
muscle. It has good spatial resolution and contrast resolution, and combined with the high signal-to-noise
ratio provided by the biphasic array surface coil and high field strength at 3T, it can obtain good
evaluation of soft tissue, cortical bone and bone marrow.

MRI of TMJ can evaluate disc displacement, effusion, synovitis, joint cortex, bone marrow,
masticatory muscles, adjacent parotid gland tissue and external auditory canal. However, the accuracy of
MRI is highly dependent on the standard of equipment and the experience of the observer. In middle-
aged and elderly patients, when the underlying cause is more likely to be arthritis than disc displacement,
multi-slice spiral CT may be the first choice for evaluating TMD [13-16],

4. Traditional joint imaging studies

Previous studies on TMJ morphology were often based on panoramic radiographs or CBCT and other
imaging data to measure two-dimensional indicators such as temporomandibular joint space, anterior-
posterior diameter, inner and outer diameter, cross-sectional area, and height of condyle to analyze the
changes of TMJ morphology, and there was a lack of three-dimensional comparative studies [17-2,

The changes in the temporomandibular joint are three-dimensional, with complex changes in each
direction. Therefore, compared with three-dimensional technology, which can locate and quantify the
absorption mode of TMJ, only two-dimensional (2D) images cannot comprehensively and accurately
observe the actual changes of TMJ, which has certain limitations.

5. Three-dimensional reconstruction technology

In recent years, scholars in various medical fields have begun to explore and study the joints of the
human body through three-dimensional reconstruction technology. Three-dimensional reconstruction of
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medical images refers to the use of scientific computing visualization technology to convert two-
dimensional image data obtained from medical imaging equipment into three-dimensional data, so as to
show the three-dimensional morphology of human tissues and organs and conduct qualitative and
quantitative analysis [2!],

Mimics is a digital 3D interactive medical image control system developed by Belgium Materialise
Company. It is a highly integrated, simple and easy-to-use 3D image generation, editing and processing
software 1?2, Through the input of various two-dimensional scanning data (CT, MRI images), the accurate
three-dimensional digital model is reconstructed, and the general computer aided design (CAD), finite
element analysis (FEM), and finite element analysis (FDA) are used. FEA), rapid proto-typing (RP) and
other data format output, and large-scale data conversion processing on personal computers.

At present, CT, MRI and other tomography techniques are widely used in clinical diagnosis and
treatment, but two-dimensional tomography images express the anatomical information of a certain
section. Most doctors rely on experience to estimate the size and shape of the lesion from multiple two-
dimensional images, which brings difficulties to treatment. Although the vast majority of current CT and
MRI equipment have matching 3D reconstruction software, it can only be used under specific equipment.
The surgeons in the imaging department can only copy the reconstructed three-dimensional images into
two-dimensional images according to their ideas of several parts and angles and submit them to the
clinicians. However, the 3D model reconstructed by Mimics software on the ordinary computer can be
dynamically rotated and observed, arbitrarily cut to show the internal anatomical structure, or edited and
modified 3] so that clinicians can conduct more in-depth and detailed localization, qualitative and
quantitative analysis of the lesion.

Liu Qi [%], Feng Gang ], Liu Jianlin*” et al. have studied the volume, surface area and other three-
dimensional indexes of TMJ to analyze the difference of bilateral condyle morphology based on CBCT

data through three-dimensional reconstruction, and have achieved relatively ideal research results
[27,28,30,31]

Kyungjae Han*?et al. used the data obtained from 3D cone-beam computed tomography (3D CBCT)
to carry out computer reconstruction and new 3D stacking method to evaluate patients with
temporomandibular joint (TMJ) osteoarthritis. Condylar changes were evaluated at three time points over
a 5-8 year time range: initial (T0), intermediate (T1), and final (T2) to observe condylar changes over
time in long-term TMJ osteoarthritis. Absorption was found to occur primarily in the upper region, with
decreasing rates in the posterior, lateral, and anterior regions. Medial position absorption was greater
than lateral position in all regions, and both absorption and reconstruction were observed in condyles
with TMJ osteoarthritis. The pattern of absorption and reconstruction depends on the individual condyle
and its location.

6. Three-dimensional finite element analysis

Traditional biomechanical methods are traumatic, unrepeatable and difficult to compare different
force distributions. Finite element analysis (FEA) is a numerical method for solving complex structural
mechanics problems. In recent years, finite element analysis has been widely used in medical
biomechanics research, especially in orthopedic instruments under various loading conditions. The
complex structure of temporomandibular joint limits the biomechanical study of temporomandibular
joint. Due to imaging difficulties, studies on the finite element analysis of temporomandibular joint are
still scarce. In Tanne's study 33, three-dimensional finite element models of mandible (including cortical
bone, cancellous bone, articular cartilage and articular disk) were established by slicing skull specimens.
The articular disk was simulated as a 2mm thick tissue covering the surface of the bone process to
investigate the stress conduction mode of cranial and maxillary system under stress. The mandible model
was established by CT scanning on the basis of normal mandible specimens. The stress, strain,
deformation and condylar response of jaw bone were analyzed systematically with this model.

Although some progress has been made in the modeling of the temporomandibular joint model, in
the case of the abnormal intra-articular structure, the model cannot perform accurate soft tissue
reconstruction, and the influence of the articular disk is ignored. In addition, previous studies rarely
considered the changes of temporomandibular joint friction coefficient in TMD patients.

Linfeng LaiP¥ et al. collected CT and MRI images of TMD-free volunteers and TMD patients.
Subsequently, a 3D finite element model including the maxilla, intervertebral disc and mandible was
established using 3D data registration technology. The influence of friction coefficient change on disc
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displacement was explored. A three-dimensional finite element model including maxilla, fossa, mandible,
whole dentition and temporomandibular disc displacement was established. At any Angle, the mesh
division is uniform and smooth, and the mesh coordination is good. Such a model can directly show the
spatial relationship between the articular disc, mandible, fossa and other structures. It is suggested that
the mechanical environment of TMJ plays an important role in the normal physiological function,
formation and prognosis of TMDs.

Ziling Zhou® et al. used CT, conical beam CT (CBCT), MRI and 3D scanner to establish a three-
dimensional finite element model of the oral and maxillary system to accurately reflect the morphological
characteristics of the occlusal surface. Based on individual occlusal contact data obtained by the patient
during maximum voluntary occlusion (MVC), the contact area is marked on the occlusal surface of the
tooth. Two occlusal contact conditions were constructed, including normal occlusal and unilateral
posterior inverted occlusal (UPC). The model was fixed in the contact area to simulate MVC conditions
to analyze the stress distribution in TMJ. The results show that the stress distribution of TMJ in the 3D
finite element model of human occlusal contact is highly sensitive to the change of occlusal contact.
Abnormal occlusal contact caused by UPC may result in stress concentration of TMJ on the reverse
occlusal side.

You-lai Lin®%, in order to compare and analyze the stress distribution of various structures of
temporomandibular joint in the case of individual posterior tooth reverse occlusion and normal occlusion,
in order to provide evidence for the necessity of individual posterior tooth reverse occlusion orthodontic
treatment from the perspective of biomechanics, Using the established geometric model of normal
occlusal TMJ, they established three-dimensional finite element models of individual back teeth with
reverse occlusal and normal occlusal TMJ. The same bite force and boundary conditions were applied to
the two models to simulate the working condition loading during the interlacing of the tooth tip, and the
TMLJ stress distribution of individual back teeth in reverse occlusion and normal occlusion was analyzed
and compared. In their experimental surface, the stress distribution in the bilateral TMJ of the back
occlusion of individual teeth was uneven, and the stress value increased compared with that of the normal
occlusion, which could cause the overload stress and local stress concentration of the TMJ. Therefore,
timely and active treatment should be conducted in clinical practice for the back occlusion of individual
teeth.

7. Summary

With the continuous progress of society, the allocation of medical resources tends to be more and
more balanced. CT, MRI and other equipment have been widely used in primary hospitals. Convenient
and practical Mimics software combined with medical imaging resources with rich access has broad
space for development. The application of Mimics software three-dimensional reconstruction in clinical
orthopedic diseases provides a new idea for solving sports injury, functional rehabilitation and prosthesis
implantation. Therefore, in the future, three-dimensional imaging tools can be combined to analyze and
study the temporomandibular joint morphology of patients with third molar elongation in a more novel
and multifaceted way.
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