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ABSTRACT:

Orofacial discomfort is mostly caused by temporomandibular disorders (TMD), which are among the most
prevalent maxillofacial symptoms. Alternative tissue engineering alternatives are much sought after,
despite the fact that present therapies offer both short- and long-term relief. Developing treatment plans
that offer long-term relief from TMD and enable patients to resume normal function is of utmost
importance. Understanding normal structure and function is a must for tissue engineering. Following a
brief overview of the present state of TMD therapy, the morphological, mechanical, and biochemical
properties of the temporomandibular joint (TMJ) and related tissues will be examined. The major focus is
on the latest advancements in tissue engineering, whether or not a scaffold is needed, for the regeneration
of TMJ tissue components. It is anticipated that tissue engineering would yield biomimetic TMJ tissues
that accurately replicate the natural structure and function of the TMJ, hence providing appropriate
management of TMD.
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INTRODUCTION:

The temporomandibular joint (TMJ) is a synovial joint that facilitates mandibular mobility in relation to
the cranial base and disperses typical function-related and parafunction-related stressors, such as speaking
and chewing (clenching and bruxism). Because of its hinging and sliding properties, it is frequently
referred to as the ginglymoarthrodial joint. The temporal bone of the skull and the mandibular condyle, or
lower jaw, are joined by the TMJ. A fibrocartilaginous disc separates the joint space into superior and
inferior compartments, each of which is filled with synovial fluid. The disc is positioned between the
mandibular condyle and the glenoid fossa-articular eminence of the temporal bone.

Numerous conditions combined together are called temporomandibular disorders (TMD), and they all
impact the TMJ. TMD refers to a diverse range of diseases and dysfunctions that are clinically significant
and affect either the related jaw muscles, the TMJ, or both. Reduced range of motion, painful or painless
joint noises, and joint and/or muscle discomfort are all signs of TMD. The alternatives for treating TMD
differ depending on how severe the condition is. For people with TMD in its early stages, non-invasive
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and minimally invasive therapies are recommended, whilst more intrusive methods should be saved for
patients with the condition in its later stages. Regretfully, no therapy reliably results in a lasting recovery,
and many patients need additional procedures or rounds of treatment. The development of innovative
treatments, such as tissue engineering-based techniques, is necessary due to the absence of consistently
viable therapeutic options. The tissue structure and function of the TMJ are covered in this overview in
relation to the TMD treatment options available today. The production of the TMJ tissue components thus
becomes the subject of significant advancements in the field of tissue engineering. In particular, cell-based
techniques for scaffold-free and scaffold-based procedures are covered.

TMJ STRUCTURE AND FUNCTION:

It is essential to obtain all design parameters from the native tissue due to the intricate stress patterns that
synthetic tissues would encounter in the TMJ. The high incidence of TMD and limited regenerating ability
of TMJ disc, condyle, and condylar fibrocartilage replacements in particular have created a need for these
tissuest®-21,

Condylar fibrocartilage has different biochemical characteristics depending on the zone. Unlike hyaline
articular cartilage, which has a small amount of type Il collagen, the superficial fibrous zone has a high
concentration of type | collagent®!. Subordinate to the fibrous zone is the proliferative zone, which serves
as a reservoir for cells. Collagen type | is more prevalent in this layer, just like it is in the fibrous zone,
Chondrocytes fill the mature and hypertrophic zones, where collagen type Il predominates in the
extracellular matrix (ECM) but collagen types | and X are also present®. Mandibular condylar
fibrocartilage has much less glycosaminoglycan (GAG) by weight than hyaline articular cartilage!®. The
composition of collagen and GAG affects the mechanical qualities of tensile and compressive strengthll,
In terms of tissue engineering, this idea of imitating the characteristics of original tissue is crucial.

TMD AND RECENT TREATMENT MODALITIES:

The pathophysiology of TMD is poorly known, and its aetiology is multifactorial and complicated®. It is
appropriate to classify the variables that lead to TMD development and progression as predisposing,
initiating, and perpetuating®*®, Traumal**! | malocclusion!*? | oestrogen impact™® , bruxism™ | genetic
differences!*® , and even psychological elementst*® are a few examples of these issues. Regardless of the
exact mix of reasons causing the condition, they all result in mechanical stress on the joint's constituent
parts, which in turn causes osteoarthrosis and degenerative changes to eventually emerge*”8l | Therefore,
finding and removing the main cause of TMD would be the best course of action.

There are now non-invasive, minimally invasive, and invasive TMD treatment methods available. In order
to address the possible aetiology of TMD as well as its associated symptoms, a combination of these
therapies is typically used. Physical therapy, acupuncture, pharmaceuticals, and occlusal splints
(orthotics)™*®! are a few non-invasive therapeutic options. Patients with TMD may be offered several
classes of oral or topical drugs to treat pain and discomfort, depending on the severity of their condition!?®,
Arthrocentesis, arthroscopy, and intra-articular injections are examples of minimally invasive therapy
techniques. Medication such as corticosteroids alone or in combination with high molecular weight
sodium hyaluronate can be injected directly into one or both joint compartments using intra-articular
injectionsf?:?2l, The direct access to the joint space provided by these procedures is a benefit. Even though
several studies have shown a considerable reduction in TMD symptoms, recurrent injections and/or
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arthroscopies are not advised, and as a result, the long-term effectiveness of these therapies is still
debatable.

Surgical procedures involving open joint replacement (arthrotomy) or partial replacement of the joint with
alloplastic or autogenous prosthesis (arthroplasty) are examples of invasive therapies. Disc relocation and
repair are not recommended because to the procedure's transient success®?®l. On the other hand,
discectomy, or the whole removal of the TMJ disc, is still often performed and has the potential to
significantly improve patients' long-term quality of life when they are treated for severe TMD and do not
respond to non-invasive methods!?4l,

Approaches to total joint replacement and reconstruction that make use of metallic prostheses or
autologous tissues have also been investigated!?®l. Said another way, alloplasty is recommended for adults,
but autologous reconstruction is suggested in children because of the capacity of autologous implants to
develop and remodel™8]. While alloplastic devices have been linked to degradation and heterotopic bone
development 262" more recent, custom-made prostheses appear to provide good results for up to 15 years.

TISSUE ENGINEERING APPROACHES FOR TMJ TISSUES

A possible alternative for replacing or repairing the damaged tissues of the physiologically complex and
physically demanding TMJ is tissue engineering. Historically, scaffolds, stimuli, and cells have been the
main components of tissue engineering. A recent technique that does not require a scaffold is cell-based!?8],
This section covers the engineering of condylar fibrocartilaginous and TMJ disc tissues, categorised into
scaffold-based and scaffold-free approaches. Cells and stimuli specific to each tissue type are also
described in relation to the methodology under discussion.

TMJ DISC:

Alginate hydrogels?? | polylactic acid (PLA)EY | polyglycolic acid (PGA)BL321 poly—L—lactic acid
(PLLA)®® | decellularized native extracellular matrix materials® | polytetrafluoroethylene (ePTFE)
monofilaments®! | poly (glycerol sebacate) (PGS)B®! | and, more recently, polycaprolactone (PCL)
polyester are some of the scaffolds utilised in TMJ disc tissue engineering. Although matrix production
was enhanced by the inclusion of transforming growth factor-1 (TGF-B1), basic fibroblast growth factor
(bFGF), and insulin-like growth factor-1 (IGF-1), the scaffold still breaks down quickly. Consequently,
the significantly slower degradation rate of PLLA, an alternative scaffold material, was investigated.
New manufacturing methods might make it possible to create scaffolds that more precisely resemble the
distinct features of TMJ components, such as tissue anisotropy. In order to do this, PCL scaffolds with an
anisotropic internal structure were 3D printed using additive manufacturing. TMJ discs that have been
designed to have better mechanical and biochemical characteristics have been conditioned using
mechanical stimuli that approximate physiological loading patterns. During joint movement, the native
TMJ disc is subjected to tension, compression, shear, and hydrostatic pressure. Stress-shielding is a
possible drawback of employing scaffolds when applying mechanical stimulation. More research is
required to optimise pertinent growth factors, dosages, and regimens because there aren't many studies on
the effectiveness of growth factors for scaffold-based engineering of TMJ discs.

TMJ CONDYLAR FIBROCARTILAGE
Scaffold-based studies predominate over scaffold-free research when it comes to engineering condylar
fibrocartilage. The few attempts that exist to create condylar tissue without the use of scaffolds are
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restricted to the formation of a single phase (such as cartilage) by scaffold-free methods. For instance,
scaffold-free cartilage was adhered to MSC-seeded alginate in the form of a condyle using fibrin glue to
create an osteochondral, condyle-shaped construct. Following an 8-week period of subcutaneous
implantation into nude mice, vascularized bone growth and endochondral ossification were noted in the
alginate scaffold, but the cartilage phase maintained its characteristic®”). Histological examination
revealed that the integration between the two phases was preserved, however the mechanical integrity of
the interface was not examined.

Future attempts at condyle tissue engineering should take integration into account, since it is anticipated
that achieving a mechanically strong interface between the designed cartilage and bone is a prerequisite
for a condylar implant to withstand the mechanically demanding environment of the TMJ.

CONCLUSION

TMD sufferers may benefit from tissue replacement engineering, which is a promising strategy for
developing biological remedies for these now unsolvable issues. While there isn't a commercially available
tissue-engineered product to treat TMD at the moment, a number of experiments have been conducted in
an effort to create suitable instruments for creating TMJ tissues. Using a biomimetic technique to create
new tissues from scratch (neotissues) with properties resembling those of the original TMJ is the ideal
course of action.

A significant difficulty for the future is the building of shape-specific structures with dimensions close to
the particular TMJ tissues that need to be replaced, on top of the tissue engineering challenges already
discussed. The majority of research on tissue engineering looks at tiny, flat neotissues.

The surgical access to the failing TMJ tissues and the integration of the neotissues into the native
environment provide a significant difficulty, even in the case of massive biomimetic structures. Indeed,
it's critical to establish suitable surgical techniques for treating the TMJ, particularly when it comes to
implanting tissue-engineered prostheses. Achieving neotissue integration into the TMJ is crucial and
should be done in tandem with surgical methods. Although its effects have not been investigated in vivo,
LOXL2 appears to have integrative effectiveness in vitro, as was previously reported. Finding elements
that can strengthen the interfacial bond between neotissues and native tissues should be a priority.

The science of tissue engineering is about to transition from bench to bedside treatment of TMD, thus it's
critical that the FDA provide the right regulations to support the successful creation of acceptable
therapeutic treatments. Though there are numerous obstacles to overcome, tissue engineering presents a
fantastic potential to address TMD, one of the most infamously challenging musculoskeletal issues, with
meaningful remedies.
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ABBREVIATIONS

TMJ- Temporomandibular Joint
TMD- Temporomandibular Disorder
ECM- Extracellular matrix
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GAG- Glycosaminoglycan

PLA- Polylactic acid

PGA- Polyglycolic acid

PLLA- Poly—L-lactic acid

PTFE- Polytetrafluoroethylene

PGS- Poly (glycerol sebacate)

PCL- Polycaprolactone

TGF-B- Transforming growth factor-p1
BFGF- Basic fibroblast growth factor
IGF-1- Insulin-like growth factor-1
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