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Abstract: Temporomandibular joint (TMJ) is a synovial joint composed of condyle, articular disc,
temporal fossa and other structures. TMJ is prone to joint diseases due to its frequent activities and bite
force. Temporomandibular joint ankylosis (TMJA) is a serious joint disease, which can lead to fibrous
adhesion or bone adhesion within the joint, affect mandibular movement and cause facial deformity.
Previous studies have shown that trauma, infection, systemic diseases and other causes can cause
TMJA, among which trauma factors account for about 90%. The pathogenesis of traumatic TMJA is
complex, treatment is difficult and there is a certain recurrence rate. However, the pathogenesis of
traumatic TMJA has not been truly revealed, and animal model studies vary. In this article, the related
factors and pathogenesis of traumatic TMJA were discussed.
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1. Introduction

Temporomandibular joint (TMJ) is a synovial joint composed of condyle, articular disc and glenoid
fossa of temporal bone. TMJ is prone to joint diseases due to frequent movement and bite force.
temporomandibular joint ankylosis (TMJA) refers to the disease caused by fibrous or bony adhesion of
one or both temporomandibular joints, which leads to decreased joint mobility and limited mouth
opening. Previous studies have shown that trauma, infection, systemic diseases and other causes can
lead to TMIJA, of which trauma accounts for about 90%. Traumatic TMJA is a serious
temporomandibular joint disease, characterized by joint cavity occlusion, secondary intraarticular and
periarticular bone abnormalities, intact joint cavity, condylar fracture caused by external forces, with or
without joint capsule tears.[!) Ankylosis can lead to progressive limitation of mouth opening, which in
turn can lead to speech and eating disorders, facial deformities, airway obstruction, and even
psychological disorders. [?/It brings great pain to the patient and seriously reduces the quality of life of
the patient. The pathogenesis of traumatic TMJA is complex, the treatment is difficult, and there is a
certain recurrence rate. However, the mechanism of traumatic TMJA has not been truly revealed, and
the animal models are different. This article reviews the related factors and pathogenesis of traumatic
TMIJA.

2. Related factors of traumatic temporomandibular joint ankylosis
2.1. Traumatic temporomandibular joint ankylosis and condylar fracture types

Condylar fracture is the main cause of traumatic temporomandibular joint ankylosis, accounting for
about 69%-74% in China mainland.[® In contrast, earlier experiments reported that only 0.4% of
condylar fractures will progress to ankylosis. It can be seen that not any kind of condylar fracture will
lead to ankylosis, and the formation of ankylosis may be related to the fracture type. Condylar fractures
are due to anatomical and biomechanical particularities, Temporomandibular Joint Reconstruction in
the Growing Child. Oral condyle is prone to fracture when the mandible is injured and accompanied by
disc and fossa injuries.[*! Classification of condylar fractures: According to the fracture location
(fracture occurrence level), it can be divided into high fracture (condylar head or intracapsular fracture),
middle fracture (condylar neck fracture), low fracture (condylar neck or base fractur and high fracture
(condylar head or intracapsular fracture). [*!Sagittal and comminuted condylar fractures are most likely
to cause ankylosis.[®]

Ankylosis of TMJ often occurs in children, and coincidentally, sagittal fracture of the condyle is the
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most common fracture type in children. Thoren et al.l”! found that 58% of condylar fractures in patients
younger than 6 years old were sagittal condylar fractures. Meng et al.l®! compared the skeletal
morphology of TMJ in adults and children and found that children were more prone to sagittal fracture
of condyle than adults under the action of external force: Compared with children, adults have a larger
inclination Angle of the condyle longitudinal axis and a smaller ratio of the minimum cross-sectional
area of the condyle neck to the maximum cross-sectional area of the condyle. According to the
mechanical principle, when the TMJ is subjected to injury-induced external force from the mandibular
ramus, adults are prone to condylar neck fracture, resulting in stress interruption, while children are
prone to sagittal condylar fracture. Clinically, not all sagittal fractures of the condyle necessarily
develop ankylosis. Duan et al. P/found in a clinical study that ankylosis would not occur if the condyle
or ramus were not displaced and there were intact or partial articular discs on it, even if a sagittal
fracture of the condyle occurred in the mandible. In a study of 206 cases of TMJ ankylosis, Sarma et al.
(191 found that 93% of the joints were laterally ankylosed, and the condyle was displaced inward but not
embedded in the ankylosed mass. No sagittal fracture of the condyle was found in the series of cases
they studied. Therefore, sagittal fracture of the condyle plays an important role in ankylosis, but is not a
necessary factor. TMJ ankylosis is more likely to occur in patients with high horizontal condylar
fracture, internal displacement of the condyle and upward displacement of the ramus. When condylar
fracture combined with mental or mandibular fractures, the widening of the mandibular arch will cause
the lateral column of the condyle or the residual end of the ramus to shift upward and make close
contact with the zygomatic arch/glenoid fossa, thus increasing the possibility of ankylosis.

2.2. Traumatic temporomandibular joint ankylosis and disc defect or displacement

The articular disc is an important and special component of the TMJ, many experimental and
clinical studies have found that the absence, breakage, or displacement of articular discs are an intact
articular disc is an important prerequisite for traumatic TMJ.It can prevent the occurrence of traumatic
TMI. There have been studies in which one side of the rat cage was excised postdiscal findings: Severe
degenerative changes in joints, partial fibrous TMJ ankylosis was found in the joints.Animal
experiments have confirmed that the articular disc can prevent the formation of ankylosis!!!l. The
articular disc is an important part of the TMJ, which is the natural barrier to prevent joint ankylosis.
When the articular disc is injured or displaced, it is easy to cause joint ankylosis, and when condylar
fracture is accompanied by articular disc injury, it is more likely to occur. ['2/It has been found that
removal of the fibrous layer on the joint surface by partial disc resection may lead to traumatic TMJ
ankylosis. In addition, it has been shown that removal of the condylar fibrous layer is more critical than
removal of the fossa fibrous layer for traumatic TMJ ankylosis, although bony ankylosis appears to be
typical and not severe. ['3IlHowever, some animal experiments have found disc injury, perforation,
displacement or even tear, but the results did not indicate traumatic TMJ ankylosis. Disc injury alone
does not lead to TMJ ankylosis, and it should be combined with other factors to lead to TMJ
ankylosis.['* Therefore, disc defect or displacement is an important factor in the occurrence of
traumatic TMJ ankylosis, but it is not the only factor.

2.3. Traumatic temporomandibular joint ankylosis and limitation of mandibular movement

Miyamoto et al. found that limiting mandibular movement on the basis of destroying the surface of
condyle and glenoid fossa and removing the articular disc, found that mandibular movement restriction
can promote the occurrence of ankylosis, but once ankylosis is established, it will develop at the same
rate regardless of the presence or absence of braking. ['>IThe study showed that more than 80 patients
with condylar fracture were fixed in the passive opening position with open jaw splint for 3 to 6 months.
The results showed that not only no ankylosis occurred, but also the morphology and function of the
temporomandibular joint recovered well. Therefore, limiting the movement of the mandible with an
opening pad or an occlusal splint at the initial stage of condylar fracture can maximally block the
stretching effect of the lateral pterygium muscle on the condyle, and then prevent the occurrence of
traumatic TMJ ankylosis. It is suggested that the limitation of mandibular movement plays an important
role in the occurrence of traumatic TMJ ankylosis.[!®]

2.4. Traumatic temporomandibular joint ankylosis and lateral pterygoid muscle
The principle of distraction osteogenesis is to apply appropriate and continuous traction at the

broken end of the fracture or both ends of the osteotomy line, so as to achieve bone regeneration in the
fracture gap. Anatomically, the lower head of the lateral pterygoid muscle is usually attached to the
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pterygoid fossa medial to the condyle, and when the condyle undergoes a sagittal fracture, the pulling
action of the lateral pterygoid muscle pulls the sagittal fracture fragment anteromedial. Previous studies
have shown that distraction osteogenesis of lateral pterygoid muscle (LMP) during the process of
sagittal condylar fracture healing is an important cause of traumatic TMJ ankylosis.!”? Meng et al.
proposed that sagittal or comminuted fracture of the condyle may cause medial and downward
displacement of the condyle due to stretching of the lateral pterygoid muscle, thus providing evidence
that the stretching effect of the lateral pterygoid muscle on the condylar fracture may be one of the
causes of traumatic TMJ ankylosis. ['¥n addition, it was found that blocking the lateral pterygoid
muscle during traumatic TMJ ankylosis model could prevent TMJ ankylosis. Distraction osteogenesis
of lateral pterygoid muscle may be related to horizontal osteogenesis, but it does not seem to be related
to condylar vertical osteogenesis and temporal bone thickening.*!

2.5. Genetic susceptibility

The incidence of TMJ ankylosis is different in different regions of the world, especially in
developing countries, which is higher than that in developed countries. Arakeri et al. 1> believe that
this may be caused by factors such as large population and poor medical conditions in developing
countries, and they also believe that it may be related to ethnic genetic differences. Hall [?!lbelieves that
the occurrence of TMJ rigidity may also be related to the genetic biological behavior of a specific
population. Gu et al. ?lconditionally inactivated Shox gene on neural crestderived cells in the mouse
skull, resulting in abnormal development of condyle and glenoid fossa. Although the articular disc was
formed, it fused with the articular surface to form ankylosis. Porto et al. [’ used mouse stem cells and
bone transplantation to study the occurrence of induced ankylosis, and proved that stem cells played a
role in inducing fibrous ankylosis, but did not cause skeletal ankylosis. All these studies suggest that
there may be an organism susceptibility to TMJ rigidity. It can be seen from the above analysis that no
single traumatic factor will inevitably lead to TMJ ankylosis. Traumatic TMJ ankylosis may be the
result of a comprehensive effect of various traumatic factors. Sagittal fracture of the condyle is more
likely to develop TMJ ankylosis on the basis of joint disc injury or displacement and inappropriate
restriction of mandibular movement.

3. Pathogenesis of traumatic TMJ
3.1. Cytological study of traumatic TMJA

3.1.1. Mesenchymal stem cells (MSCs) and bone formation.

Mesenchymal stem cells (MSCs) are a group of adult stem cells with self-renewal ability,
multi-directional differentiation potential and immunomodulatory properties.[?*1251 De Bari et al.[?¢]
first reported that human synovial mesenchymal stem cells could be isolated from adult synovial tissue.
The synovial membrane of TMJ is mainly located in the inner lining of the joint capsule, which has a
special position and accurate positioning. [*"/Previous studies have found that synovial mesenchymal
stem cells have the advantage of osteogenesis in cartilage formation in rabbit model. [**!Synovial
mesenchymal stem cells have the ability of osteogenesis in vitro. Under normal conditions, synovial
stem cells do not have osteogenic effects, but under pathological conditions, such as the synovial fluid
of patients with osteoarthrosis, calcium pyrophosphate mineralized particles are found in the joint
synovial fluid, and osteophytes are formed at the joint edge. The expression of transforming growth
factor (TGF) in the joint region of LPM functional group was higher than that of LPM severed group
during the repair process of TMJ injury. A variety of factors such as interleukin-la, bone
morphogenetic protein 7(BMP7), cartilage oligomeric matrix protein, calcitonin receptor were
differentially expressed. These factors may be derived from the directional migration and osteogenic
differentiation of TMJ synovial mesenchymal stem cells induced by trauma.[*” In conclusion, the TMJ
synovial mesenchymal stem cells could migrate to the fracture sites after condylar fracture due to
pathological changes in the local microenvironment. After condylar fracture, trauma induces the
migration of synovial mesenchymal stem cells to the fracture surface and induces excessive
osteogenesis.

3.1.2. Osteoclasts and macrophages

Osteoclasts are the key cells for bone resorption and bone remodeling during fracture healing.
Cathepsin K is a key factor secreted by osteoclasts. Previous findings have suggested that osteoclast
deficiency may be an important factor in hypertrophy and high-density callus formation. F“However,
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hypertrophy and high-density bone mass are typical imaging and histological features of TMJA.
Studies have shown that the number of osteoclasts is decreased, especially in the late stage of TMJA
bone mass formation, and the ability of osteoclast differentiation is weakened. This suggests that
osteoclast deficiency may contribute to bone mass formation in TMJA patients.

Macrophages, the precursor cells of osteoclasts, are present in the inflammatory phase of fracture
healing in humans and animals, and they play a key role in initiating the fracture repair process.
BlMacrophages clear pathogenic microorganisms, cell debris, and necrotic tissue, and induce high
expression of inflammatory factors after injury, such as interleukin 1 (IL-1), interleukin 6 (IL- 6), and
interleukin 1 (IL-1). IL-6) and tumor necrosis factor-a. (TNF-a). [32IStudies have shown that depletion
of macrophages from the time of injury or reduction of macrophage-associated inflammatory factors
may affect fracture healing. *In the study of TMJA, Zhao et al.[*¥! found that the number of
macrophages was large in the early stage of the TMJA animal model of New Zealand rabbits.
Interestingly, once the number of macrophages was inhibited during the operation of the TMJA animal
model, the degree of bone stiffness could be reduced, and the expression of cartilage-related genes was
also reduced. The above studies indicate that macrophages play an important role in initiating the
process of fracture healing and TMJA, and are closely related to bone formation.

3.1.3. Chondrocytes and autophagy

Human cartilage is mainly divided into primary and secondary cartilage. Primary cartilage forms
with individual development and is mainly controlled by genetic factors, including long bone cartilage
and costal cartilage. Secondary cartilage has a delayed development time, the cells are derived from the
periosteum that has already formed bone, and has no characteristics such as secondary ossification
centers!*>*,such as mandibular condylar cartilage. The cartilage structure was divided into three layers.
The surface layer was a static layer, containing fibroblasts and cartilage precursor cells.[**) The middle
layer was the proliferative layer, which was composed of chondrocytes in the proliferative phase. B71At
the very bottom is the hypertrophic chondrocyte layer, and the enlarged chondrocytes gather in this
layer. autophagy is a process by which cells degrade intracellular components to produce energy and
small molecules for reuse by cells. Autophagy plays an important role in cell tolerance to harsh
environmental stimuli (hypoxia, starvation, pathogens, etc.), removal of misfolded proteins and
damaged senescent organelles, and maintenance of intracellular homeostasis. Previous studies have
revealed the changes of chondrocyte autophagy level, condylar excessive osteogenesis, and condylar
enlargement deformity in animal models of traumatic temporomandibular joint ankylosis.
Chondrocytes are in a special hypoxic environment, and hypoxia inducible factor (HIF) mediates the
adaptation of chondrocytes to this hypoxic environment. HIF1 enhances the autophagy activity of
chondrocytes under hypoxia by phosphorylating AMPK and inhibiting mTOR signaling.[*®! Inhibition
of HIFla degradation can promote mitophagy and reduce the apoptosis and senescence of
chondrocytes under hypoxic conditions. In contrast to HIF1a, HIF2a can inhibit the level of autophagy
in chondrocytes and promote the degradation of extracellular matrix in chondrocytes.[*”]

3.2. Molecular biology study of traumatic TMJA

Molecular biological studies have suggested that traumatic TMJA space tissue has persistent
excessive osteogenic capacity. Hu et al. [*“proposed that traumatic bony ankylosis of TMJ is abnormal
osteogenesis after condylar fracture, which leads to enlarged condylar volume and irregular shape, and
further damages the articular disc and fossa during mandibular movement, leading to joint ankylosis.[*!]
Angiogenesis is closely related to osteogenesis. In the progression of traumatic TMJA, angiogenesis
may be involved in bone formation after condylar fracture. Angiogenesis can promote fracture healing,
while insufficient angiogenesis can lead to atrophic nonunion. [*?lIn the study of traumatic TMJA,
osteogenic and angiogenic cytokines, such as bone morphogenetic protein 4 (BMP-4), bone
morphogenetic protein 7 (BMP-7), and bone morphogenetic protein 7 (BMP-7), were found to be
involved in the pathogenesis of traumatic TMJA. BMP-7) and angiopoietin-2 (Ang-2) were
down-regulated. Yan et al.l*! and Zhang et al. [“*lanalyzed TMJA animal specimens and found
decreased expression of WntSa, B-catenin, lymphocyte enhancer factor, RUNX2 (runt-related
transcription factor 2), etc. Pilmane et al. [*!found that increased expression of transforming growth
factor-B1 (TGF-B1) and MSX2 in TMJA samples led to persistent bone formation. Liang et al.[*! found
that the expression of angiogenesis-related genes for hypoxia-inducible factor 1-alpha, vascular
endothelial growth factor, angiopoietin 1, cysteine-rich angiogenesis-inducing factor 61, and matrix
metalloproteinases was higher in patients with osteoankylosis than in patients with fibrous ankylosis.
These results suggest that increased angiogenesis in TMJA bone mass may be an important factor in the
continuous supply of blood, nutrients, and osteocytes. Some studies have suggested that autophagy is
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closely related to traumatic temporomandibular joint ankylosis. PI3K/AKT signaling pathway can
promote the proliferation of chondrocytes and inhibit autophagy. Activated AKT can regulate
chondrocyte survival, autophagy and apoptosis through phosphorylation of a variety of related
downstream target molecules such as Bad, NF-kB, mTOR and Caspase-3, and mediate the process of
cartilage tissue injury. Inhibition of PI3K/AKT signaling pathway activity impairs proteoglycan
synthesis and reduces the survival rate of chondrocytes. In addition, inhibition of AKT activation is an
important mechanism of IL-B-induced autophagy in chondrocytes. AKT inhibitor can obviously block
the effect of certain drugs (such as ginsenoside, shikonin, etc.) on autophagy in chondrocytes.

4. Summary and Prospect

Since the 20th century, the etiology and pathogenesis of traumatic temporomandibular joint
ankylosis have been greatly revealed due to the progress of science. The existing studies speculate that
traumatic temporomandibular joint ankylosis is caused by abnormal biological structure and related
complex microenvironment (including but not limited to SMSc, osteoclasts, macrophages, etc.), but
still cannot provide effective help for the clinical treatment of traumatic temporomandibular joint
ankylosis. Therefore, the molecular mechanism and biological characteristics of traumatic
temporomandibular joint ankylosis still need to be further explored.To explore the pathogenesis of
TMIJA and prevent the occurrence of TMJA is to solve this problem.The fundamental pathway of
disease. At present, there are many animal studies on traumatic TMJA at home and abroad, but different
animal studies use different modeling methods, and most studies only form fibrous rigidity in the TM1J.
Animal studies of skeletal ankylosis mostly use open complex injuries of condyle, articular disc, and
glenoid fossa. However, open injuries in animal models are not exactly the same as closed injuries of
TMI in clinical patients, and animal models also have certain limitations.

In conclusion, the research on traumatic TMJA is still focused on the establishment of standardized
and highly reproducible animal models that can better simulate the TMJ traumatic microenvironment of
clinical patients. Although previous studies have preliminarily revealed the pathogenesis of traumatic
TMIJA, the exploration in this area is still at an early stage. In the future, the microscopic mechanism of
traumatic TMJA will be further explored from the aspects of cytology, molecular biology and gene
level.
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