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Temporomandibular joint disorder (TMD) is a type of musculoskeletal pain that affects the orofacial region, like
masticatory muscles, temporomandibular joint and other surrounding structures. Chronic musculoskeletal pain refers to a
persistent pain, felt for more than 3 months, arising in bones, joints, and tissues. A subset of disc-related TMD involves
disc displacement, disc thinning and perforation. Biomechanical unbalance or extreme loading can also lead to damage in
the articular disc.
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| 1. Introduction

The temporomandibular joint (TMJ) is a synovial joint between the temporal bone and the mandibular condyle, located
bilaterally in the face. This joint is composed of bony articular surfaces, articular disc, fibrous capsule and synovial
membrane, ligaments and muscles. It is responsible for basic functions, such as talking, chewing, swallowing, eating,
yawning, smiling, laughing, screaming and kissing . The articular disc is a crucial element present in the TMJ, as it
softens and absorbs shocks between the articular structures. It separates the joint cavity in the upper and lower
compartments, and it is surrounded by attachments that sustain its position .

This joint is surrounded by a synovial capsule, whose main function is to produce synovial fluid. This fluid plays a major
role in joint lubrication and acts as a medium for nutrient and waste exchanges. As part of the joint, the disc is an
avascular structure that relies heavily on nutrients and oxygen from the synovial fluid to survive 2. Lubrication plays an
essential role in the rotational and translational movements of the TMJ. These two types of movements take place
between the condyle and the articular disc and between the mandibular fossa and the articular disc, respectively 4, it is
therefore considered a ginglymoarthrodial joint 5.

Temporomandibular joint disorder (TMD) is a type of musculoskeletal pain that affects the orofacial region, like
masticatory muscles, temporomandibular joint and other surrounding structures [8l. Chronic musculoskeletal pain refers to
a persistent pain, felt for more than 3 months, arising in bones, joints, and tissues @, statistics for 2002 indicate that, in
Europe, about 95 million adults report having musculoskeletal pain associated with arthritis or rheumatism, corresponding
to over 3 million Portuguese &l.

Symptoms of TMD include headache, neuralgia, pain and discomfort, clicking sounds and muscle spasms RI19  affecting
patients’ quality of life and daily/work functions LY. TMD is considered the second most common musculoskeletal disorder
affecting the general population in 5-12% 121,

In a study conducted by AlShaban and Gul Abdul Waheed (2018), 41 patients out of 100 revealed the presence of TMD.
Of this percentage, the clicking sound appeared as the symptom with the highest prevalence, affecting 89% of the
patients. Of these 89% patients, clicking sound was 32% from the right side, 24% from the left side, 32% on both sides
and the remaining 12% were absent (131,

Just as disorders affect the TMJ and surrounding tissue, clinical options also solve problems in these tissues, including
the disc. These treatments can vary according to the stage and severity. They can be classified into three categories: (i)
non-invasive; (ii) minimally invasive; or (iii)) invasive. Non-invasive procedures are the first option of therapy for TMD
patients and include medications, such as anti-inflammatory drugs and muscle relaxants, physical therapy and
acupuncture. Minimally invasive treatments can be divided into intra-articular injections, which involve the injection of
medications and/or sodium hyaluronate. Arthrocentesis and arthroscopy are also in this category and are used to lubricate
the joint and eventually reposition the articular disc. Invasive treatments are the last option to be performed and include
open joint surgery, where there can be a discopexy (disc repositioning), discectomy (total removal of the articular disc),



condylectomy (excision of the condyle), or a total joint replacement with compatible materials L4ILSII6IL/IE]  Recent
strategies have improved the surgical cosmesis of the open surgery incision 2220,

Regarding TMJ disc clinical possibilities, minimally invasive procedures do not restore damaged disc, and discectomy
leads to condylar remodeling 21, Considering this, the demand for a possible material to replace the disc has been
investigated. The first materials used for TMJ disc replacement after discectomy were Silicone rubber and Proplast-Teflon
(2211231 After that, the field of Tissue Engineering (TE) became active to find a solution for disc pathologies. Through the
use of natural or synthetic materials, it is possible to produce bioengineered scaffolds for the repair of the entire or only a
portion of the disc 24, Despite the search for a promising bioengineered scaffold-based TE strategy, the need for a
successful TMJ disc remains. The use of decellularized tissue could be a potential substitute to synthetic materials since
its three-dimensional architecture and biological composition are the same as the native one 23,

2. Forefront Approaches for Temporomandibular Disc Replacement:
Native Decellularized Extracellular Matrices

Decellularized tissues are a well-known matter in the biomedical field and by analysing Figure 1, it is possible to observe
that this area is being increasingly explored and evolving over the years.
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over the years. Retrieved from PubMed.org with the research designation “decellularization”, where 4140 results were
found.

Cartilage has a low regeneration capacity and therefore, different substitutes have been the focus of research in order to
repair cartilage defects. Cartilage matrix can be collected from different sources, but access to allogeneic or autologous
donor tissue is restricted, so the interest in using xenogeneic tissues for cartilage constructions has been increasing,
where the TE field can offer a positive alternative 281271 Regardless, for these tissue types, decellularization and
sterilization methods are required with the aim of removing the immunogenic components that lead to infection and
disease transmission 281281,

The decellularized extracellular matrix (lECM) has immense potential to serve as a beneficial material for tissue damage
repair as it preserves the native environment by providing cells with the necessary elements, such as support and
biochemical components, that are needed to provide their proliferation and differentiation. Extracellular matrix (ECM)
organization and compounds differ from tissue to tissue 29, but in terms of cartilage, the two major components are
collagen and proteoglycans, which include bioactive factors, such as growth factors, integrins, and functional peptides.
The main benefits of using dECM are related to its ability to preserve native tissue growth factors (e.g., transforming
growth factor beta (TGF-B), fibroblast growth factor (FGF) and insulin-like growth factor (IGF) for cartilage tissue),
unlimited access to obtain ECM and the relationship between cost and effectiveness &, Siill, there are problems
associated with it and that may create undesired responses. The remaining cell contents, heterogeneous cell distribution,
and the difficulty of obtaining an intact ECM are some of the cautions to pay attention to 9.

Choosing the right animal model for any given tissue is a critical step, and the decellularization method depends on the
tissue choice [28l, Decellularization methods can be divided into (i) chemical agents, such as acids and bases, detergents,
hypotonic and hypertonic solutions, and solvents, (ii) biological agents, such as enzymes and chelating agents; and (iii)
physical agents, such as freeze-thaw, force and pressure, electroporation and sonication 221211,

The aim of decellularization (Figure 2) is to preserve the organic and mechanical properties, such as the architecture of
the collagen network of the tissue, as the immunogenic components are removed to allow cell adhesion and proliferation.
After obtaining the xenogeneic scaffold, there are two possible ways of application: direct implantation or cell culture in the
decellularized scaffold [281(28],
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| 3. Conclusion and Future Strategies

The temporomandibular disc is a complex structure, with specific collagen and GAG distribution. It is a fibrocartilaginous
disc with no vascularization and remodeling capacities. This combined with its dynamic properties in the normal function
of the TMJ, makes this tissue to be highly predisposed to suffer pathologies.

The TE field has actively contributed to the possibility of bringing new outcomes to the search for a new and long-lasting
tissue that effectively substitute/regenerates the disc. Still, the production of a suitable material that best imitates the
native properties of the disc, such as mechanical, physical, and biological, with no negative reactions, has not been
achieved.

Decellularized xenogeneic tissues may be the next step in the development of a native-equivalent disc. Since, in a
simplified way, it is possible to obtain the necessary characteristics (physical and biochemical) to successfully obtain one
engineered-disc for the treatment of disc pathologies.
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