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Introduction

Temporomandibular joint (TMJ) reconstruction presents many
challenges. Care must be taken when designing study pro-
tocols to avoid erroneous or dubious results. It is also imper-
ative to choose correctly the type of animal to include in the
studies. Failures from the past, using silicone and teflon-
based materials in TMJ, have been key lessons for the future.
The gradual growth of tissue engineering (TE) can be a
promising field for emerging TMJ biomaterials if basic princi-
ples are respected to achieve safe and effective solutions for
TMJ.

Animal model for temporomandibular joint tissue
engineering

To improve human health, scientific discoveries and technol-
ogies must be translated into practical applications. Such ad-
vances classically begin with basic research and then progress
to the clinical level. Inherent to the development of new
technologies is the role of preclinical trials using animal
models. Although no animal model can fully replicate human
conditions, animal models are key for the evaluation of

mechanisms of disease, testing new technologies, applying
new procedures and progress of TE.

The absence of a well-established animal model for TMJ
investigation has been a limiting factor for the potential
progress of TMJ TE. The choice of an animal for experimental
design is not straightforward, mostly because of physiologic
and anatomic differences. TMJ is a cardinal feature that de-
fines the class Mammalia and separates mammals from other
vertebrates.1 TMJ shows remarkable morphologic and func-
tional variation between different species, reflecting not only
the great mammalian adaptation to feeding mechanisms but
also different biomechanical behavior.2 The morphologic vari-
ations are mostly correlated to loading (eg, size of articular
surfaces) or movement (eg, orientation of the joint), or both.
Loading of the TMJ is a reaction force arising from the
contraction of the masticatory muscles; its magnitude depends
strongly on the position of the bite point relative to the muscle
action line.3 Many preclinical studies used laboratory animals,
especially rodents; however, they fall into the category of
minimal TMJ loading, especially during chewing. In contrast,
carnivores, such as dogs, sustain TMJ loads that are higher than
those of primates.4 Opening of the jaw usually involves a
combination of rotation and forward sliding (translation), but
some carnivores have lost the ability to slide, and some
specialized anteaters instead use a rotation around the long
axis of the curved mandible.2 The most extreme evolutionary
variants include loss of the synovial cavity in some baleen
whales; loss (or possibly primitive absence) of the disc in
monotremes, some marsupials, and edentates (anteaters and
sloths); variations in the orientation of the joint cavity from
sagittal (many rodents) to transverse (many carnivores);
reversal of the usual convex/concave relation so that the
processus condylaris becomes the female element (many
artiodactyl ungulates such as sheep and cattle). In addition,
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KEY POINTS

� Tissue engineering is a promising field for the development of new treatment strategies in the temporomandibular joint
(TMJ), however, rigorous preclinical trials need to be conducted to obtain serious results that may lead to translational
medicine.

� Animals models selection for TMJ preclinical trials are one important factor to consider is the study design; although no
species provides the gold standard animal model for all preclinical TMJ TE studies, the black Merino sheep have emerged as
a leading option.

� The contemporary absence of successful options to substitute the TMJ disc remain an important challenge in TMJ TE.
Poly(glycerol sebacate) (PGS) scaffold reinforced with electrospun PCL seems to be a promising biomaterial to sustitute the
TMJ disc after discectomy, preventing the condyle from degenerative changes.
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the size of the joint is extremely variable. Pig, sheep, rabbit,
and monkey have been used as TMJ disc defect models in many
studies.5e11 The monkey model is barely used in recent years,
considering the high cost, difficult surgical operation, and
ethical approval. The rabbit is often used as a model for disc
displacement studies.12e15 However, the same limitations are
present in the rabbit: (1) the small size of the TMJ, increasing
the difficulty for surgical approach; (2) the zygomatic arch
sometimes needs to be removed to access the joint; (3) the
TMJ loading is reduced, causing a possible bias in the results.
The most cited study of a TMJ disc displacement model used
adult male New Zealand white rabbits to surgically induce
anterior disc displacement.12 The procedure required an inci-
sion above the zygomatic process and fracture of the zygo-
matic process of the squamous temporal bone to access the
joint. The surgical approach alone could have an impact on the
results and is a limitation of this model.

One of the main reasons that larger animals, rather than
mice, rats, and rabbits, are commonly used for the study of
TMJ surgical methods is the adequate surgical access and
adequate TMJ loading, increasing the accuracy of possible
mechanical testing. For that reason, mice, rats, and rabbits
present technical challenges that frequently raise questions
regarding the translational relevance to the human TMJ,
justifying why those animals are not recommended for rigorous
preclinical trials for TMJ TE.

In the large animal section, historically, the pig has been
regarded as the gold standard, based on general similarities to
the human anatomy,4,16e20 specifically, the size of the articular
TMJ structures and the shape of the disc. Furthermore, a
recent comprehensive study has validated the use of the
Yucatan minipig as an animal model for TMJ TE studies.21

However, the zygomatic arch shields the joint space in the
farm pig, representing, in the authors’ opinion, a limitation for
the use of this model. Moreover, the biomechanical forces of
the minipig can compromise the results.

The TMJ anatomy, histology, and biomechanics of black
Merino sheep have been also studied (Fig. 1). With a preaur-
icular incision and blunt dissection, the TMJ capsule can be
easily accessed (Figs. 2 and 4), even for TMJ arthrocentesis.
One advantage is the zygomatic arch does not shield the joint
space, as is the case in the farm pig. The TMJ disc separates
the upper from the lower compartment (Fig. 3 and 4). The
sheep’s condyle is mediolaterally concave with ellipsoidal
shape and with the longer axis in the mediolateral position
(Figs. 5 and 6).22 These anatomic similarities to human TMJ,

associated with the large experience in in-vivo TMJ surgical
investigation, suggest the sheep can be considered a suitable
model to conduct rigorous TMJ surgical investigation.23,24

Sheep are a valid option for TMJ studies considering the TMJ
size, processus condylaris and fossa mandibularis shape, disc
size, morphology, and attachments.25 The histology analysis
has a great resemblance to human TMJ (Figs. 7 and 8). Another
important advantage regarding the sheep model is the rumi-
nation process (Fig. 9), providing additional biomechanical
loading in the TMJ, ideal to test in-vivo TE material resistance.
Recently, the sheep animal model was successfully used in a
preclinical TMJ alloplastic reconstruction study.26

Although no species provides the gold standard for all pre-
clinical TMJ TE studies, sheep have emerged as a leading option.
The minipig and farm pig can be considered when adequate
resources are available, serving as acceptable alternatives.

Study design for preclinical temporomandibular
joint tissue engineering

The absence of efficacious options to substitute the TMJ disc
can be related to difficulties in the translation of animal evi-
dence to the clinical practice in humans. These limitations are
likely related to the following:

Fig. 1 Right view of a black Merino sheep skull with temporo-
mandibular joint focus.

Fig. 2 Temporomandibular joint capsule easily accessible. In
this situation the authors performed with success a joint pumping.

Fig. 3 Temporomandibular joint disc inferior surface and
condyle fibrocartilage surface.
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1. The use of heterogeneous animal models with conflicting
results, possibly owing to variable anatomy and intra-
articular loading between species;

2. The use of the contralateral TMJ as control, which may be
associated with contralateral overloading;

3. The biomaterials used to replace the disc, which do not
account for the morphologic and biomechanical character-
istics of the native TMJ disc;

4. The absence of randomized controlled trials with blinding of
outcomes’ assessors;

5. The lack of multidisciplinary teams involved in the project.

Preclinical research should promote the effective trans-
lation of knowledge into practice. The previously mentioned
aspects can limit the effective translation of quality scien-
tific knowledge into clinical practice, and these may present
potential issues to patients, clinicians, and scientific
progress.

The contemporary absence of successful options to sub-
stitute the TMJ disc is still a major issue for public health.
Little has changed in the past decade regarding study designs
for TMJ investigation, and the treatment of patients with
severe temporomandibular disorders (TMD) remains contro-
versial. For these reason, future studies need to be rigorous
in the study design, respecting the ARRIVE guidelines. TEM-
POJIMS is a rigorous preclinical study, with the protocol

publicly available.24 The primary outcome should be the
histopathologic analysis. For that, the authors recommend
carefully removing the TMJ block as shown in Fig. 10. The
histologic preparation is challenging, but the protocol is well
detailed by our group, most of the difficulty is in the
decalcification process.24 The study protocol has been used
in TEMPOJIMS phase 1: comparing the results of TMJ dis-
cectomy versus TMJ discopexy versus TMJ sham surgery,

Fig. 4 Temporomandibular joint disc dividing the lower and
upper compartment.

Fig. 5 Bone anatomy of the black Merino sheep mandible.

Fig. 6 Bone anatomy of the black Merino sheep skull, cranium and mandible.
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obtaining a baseline for interpretation of future TMJ disc
TEresults.27

The rationale for temporomandibular joint tissue
engineering

To justify TE investigation in TMJ,is necessary to demonstrate
the clinical need for a TMJ disc substitute. As far as is known,
TMJ discectomy is associated with favorable long-term results,
so why invest time and resources in a TMJ disc substitute?

Probably, because, besides the strong evidence, some re-
sults on discectomy are conflicting. In previous preclinical
studies in this field,28e32 the investigators have used the
contralateral unoperated side as a control and debatable ani-
mal models. Using the contralateral side as a control can be
inappropriate considering the contralateral overload
impact.28,33 Theoretically, a bilateral approach could reduce

the bias. The animal variability in the different studies is a
warning about the importance of using the same animal model
in further studies regarding TMJ TE. Therefore, the authors’
group performed diverse preclinical studies in black Merino
sheep,23,24 but the first study was to understand the need for a
TMJ disc substitute, using a sham surgery control group -
TEMPOJIMS phase 1.

Bilateral TMJ discectomy in black Merino sheep was per-
formed, and severe TMJ changes were detected with both
histopathologic and imaging analysis (Figs. 11 and 12).27 In the
postmortem macroscopic evaluation, a severe degenerative
process was observed (Fig. 13). In histologic analysis, the in-
vestigators verified an increase in proteoglycan and rounded
cells and thickening of the cartilage after discectomy.27 A more
severe synovitis in discectomy was also observed, indicating a
possible inflammation process. Structurally, differences were
detected in shape, condyle sclerosis, temporal sclerosis,
condyle marrow, temporal erosion, condyle erosion, and tem-
poral marrow (Fig. 14).27 However, discectomy had only an
effect in absolute masticatory time, rumination time per cycle,
and rumination area in first 2 months, and after the initial
period no significant changes were noticed.34 In Macaca

Fig. 7 Representative sagittal plane histological images of the
central part of the black Merino sheep temporomandibular joint.
Stained with hematoxylin-eosin. Scale bar: 10 mm

Fig. 8 Representative coronal plane histological images of the
central part of the black Merino sheep temporomandibular joint.
Stained with hematoxylin-eosin.Scale bar: 10 mm

Fig. 9 Rumination monitoring of black Merino sheep.

Fig. 10 TMJ block removed after black Merino sheep euthanasia.
Example for histology preparation.
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fascicularis, Yaillen and colleagues35 after unilateral dis-
cectomy described ankylosis between the condyle and tem-
poral bone. In clinical studies, af Björkesten and Boman36 in
1947 were the first investigators to report radiographic
morphologic changes caused by discectomy, describing “flat-
tening off the articular surface.” In the 1980s, severe condyle
flattening and sclerosis in postdiscectomy patients were
described.37 Later, Eriksson and Westesson38 in a review of 52
patients verified also that most of the joints showed radio-
graphic evidence of osteophytes, flattening, and sclerosis.

Bjørnland and Larheim39 described fibrous ankylosis 6 months
after unilateral discectomy. Together, these results highlighted
the importance of studying an effective interposal material to
substitute the TMJ disc.

Tissue-engineered implants

The attempt to replace the TMJ disc began being studied
around the middle of the 1960s and 1970s. The first materials

Fig. 11 Computed tomography (CT) sagittal image of black Merino sheep temporomandibular joint (A) Sham group. (B) Discopexy group.
(C) Discectomy group.

Fig. 12 Toluidine blueestained sections of mandibular condyles from black Merino sheep with (A) sham, (B) discopexy (C) discectomy
intervention. Magnification 10x
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tested were silicone rubber (Dow-Corning, Midland, MI, USA)
and Proplast-Teflon (Vitek, Inc, Houston, TX, USA).40,41 Silicone
rubber was introduced by Robinson in 1968, in the areas of
aesthetic surgery, joint replacements, and oral and maxillo-
facial reconstructive surgery. Although this material presents
interesting properties of easy handling and good resistance and
elasticity, its use was quickly discouraged. Some patients
presented severe immune reactions, such as reactions against
silicone particles and synovitis. Silicone disc substitute was
also associated with migration of this material into adjacent
tissues.42 In sheep, the implantation of a sheet of silastic (sil-
icone rubber implant) was responsible for a bone destruction in
all 4 operated joints and accompanied for a foreign-body re-
action throughout the fibrous tissue capsule that had formed
around the implant.43 Also, Sanders and colleagues44 in a re-
evaluation of 30 patients reported a fibrous capsule as a
pseudodisc and a fibrous barrier between the condyle and the
fossa.

Proplast-teflon (polytetrafluoroethylene or PTFE) was also
another material used as a substitute for the TMJ disc.45

Introduced in 1976 by Dr Charles Homsy, it was presented as a
stable and porous material that allows cell adhesion. However,
this material was quickly wearing out, inducing severe re-
actions, including foreign body granulomas, fibrosis, morpho-
logic alterations of the condyle, and pain.41,46 In 1990, the

Food and Drug Administration recommended removing these
implants in cases whereby degenerative changes in the TMJ
were observed.

In view of the consequent failures of these replacement
materials, TE has been gaining importance, representing a
possible viable route to TMJ disc replacement. An effective
and safe articular disc must meet some criteria, such as the
following:

1. Biodegradability to allow a replacement by a suitable tissue
and biocompatibility with the host, to avoid an inflamma-
tory response;

2. High load-bearing capacity to withstand the mechanical
forces applied;

3. Suitable porosity and surface chemistry for cell differenti-
ation and to allow the transport and exchange of oxygen,
nutrients, and waste.

In this context, the authors characterized the morphologic,
histologic, and biomechanical characterization of the black
Merino sheep TMJ disc23 (Fig. 15). The results of this study were
extremely relevant for understanding the geometry and
biomechanical and biological properties of the articular disc in
order to be able to develop replacement materials. In fact, the
great challenge of TE has been to develop a strategy in which a

Fig. 13 Two examples of temporomandibular joint (TMJ) anatomy with a massive destructive process of osteoarthrosis 6 months after
black Merino sheep TMJ discectomy.

Fig. 14 Hematoxylin-eosin stained sections of mandibular condyles from black Merino sheep. (A) Control group normal TMJ anatomy. (B)
TMJ after discectomy with a massive destructive process. (C) TMJ after discopexy-induced generative damage, however not significant.
Magnification 1x
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biomaterial contains all these characteristics. In the case of
the TMJ, the studies have focused on 2 types of biomaterials:
synthetic and natural.

The natural biomaterials are derived from natural sources
and present best biological properties, such as biocompati-
bility, biodegradability, and bioactivity, and promote cell
adhesion, proliferation, and differentiation, essential for TE.
However, they usually have worse mechanical properties and
more difficulty in material processing. Owing to these diffi-
culties, few studies have yet demonstrated the potential use of
these biomaterials in TMJ. The first pilot study used fibrin/
chitosan hybrid combined with TMJ synovial stem cells.47 The
investigators showed a promotion of extracellular matrix
deposition with the implantation of the scaffold in mice.
Despite these promising results, the study did not move for-
ward, and much of this may have been owing to the finging
that, after day 7 of cell seeding, the number of cells started to
decrease drastically.47 In another study, a combination of
collagen sponge scaffold and autologous bone marrow mesen-
chymal cells was evaluated in perforated TMJ discs of Japanese
rabbits. The investigators observed the formation of new
connective tissue after 2 weeks, whereas in control after
8 weeks, the perforation had still not completely closed.48

However, as already mentioned, the use of rabbits/mice in this
type of study has many limitations. Alginate was also studied in
an in vitro approach with TMJ disc cells, but the results were
not promising, and collagen or GAG formation was not verified,
and cell number population decreased in time.49 Another
strategy that has been explored is decellularized extracellular
matrix (dECM). dECM has great properties, preserving the
native organic and mechanical properties, such as the collagen
network of the tissue, as the immunogenic components are
removed to allow cell adhesion and proliferation. Few studies
have focused on the best method for the effective decellula-
rization of the TMJ disc.50,51 More recently, an injectable
hydrogel based on decellularized porcine TMJ discs was pro-
duced and injected into a mouse. The hydrogel showed good
cytocompatibility, and only a minor inflammation was observed
within 7 days after implantation.52 However, this study lacks
verification of therapeutic effectiveness. The investigations
related to the most effective protocol of decellularizing the
disc are scarce. Thus, the authors’ research group is currently
extensively studying other methods of decellularization of the
black Merino TMJ discs (Fig. 16), such as chemical, physical,
and enzymatic, in order to find the most effective strategy.

Synthetic biomaterials compared with natural materials
have disadvantages in the structural differences compared
with native tissue and possible complications associated with
toxicity and biocompatibility. However, they presented some
relevant advantages, such as higher availability, easier pro-
cessing, and better biomechanical and physical properties. For
these reasons, synthetic materials are being explored for TMJ
disc substitutes.

Polylactide (PLA), which has a longer degradation time, was
one of the first synthetic materials studied. The PLA in com-
bination with adipose stem cells increased the expression of
aggrecan and collagen type I and II in a chondrogenic medium,
but the differentiation degree of the cells was lower when
compared with cells derived by the TMJ disc.53

Poly(glycolic acid) (PGA) is also a polymer biodegradable
studied in the TMJ field. Porcine TMJ disc cells were seeded to
a PGA scaffold, and an increased amount of matrix production
was verified.54 Other investigators hypothesized that poly-L-
lactic acid (PLLA) nonwoven meshes would limit contraction,
allow for comprehensive mechanical evaluation, and maintain
viability relative to PGA nonwoven mesh controls. These latter
constructs had the capability of maintaining their volume for
6 weeks, when compared with PGA, but presented low me-
chanical capacity.55 Poly(ε-caprolactone) (PCL) is another
biomaterial that has been studied owing to their slow degra-
dation. PCL scaffolds, where fiber orientation represented the
collagen network, have been encapsulated with microspheres
of connective tissue growth factor (CTGF) and transforming
growth factor beta 3 (TGFb3).56 When cultured with human
mesenchymal stem/progenitor cells, this scaffold was efficient
in generating heterogeneous fibrocartilaginous matrix, and
viscoelastic properties.56 The investigators state that in vivo
and long-term scaffold degradation tests must be performed.
Jiang and colleagues57 studied polyvinyl alcohol hydrogel
crosslinked by cyclic freeze-thaw and reinforced by 3-dimen-
sional (3D) PCL and implanted in goats for 12 weeks. The in-
vestigators described this substitute with an ability to maintain
joint stability and protect condylar cartilage and bone from
damage. However, it was also reported as an ingrowth of
fibrous tissue at the surrounding area of PCL. In fact, PCL does
not seem to have the ideal properties to be used as a substitute
in the works that have been done. The authors’ research group
also studied biomaterials based on scaffolds and hydrogels

Fig. 15 Black Merino sheep temporomandibular joint (TMJ) disc. (A) Fresh TMJ disc without attachments. (B) 3D virtual model TMJ disc.

Fig. 16 Decellularized black Merino sheep temporomandibular
disc.
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mimicking the TMJ disc of black Merino sheep, using different
materials, PCL and polyethylene glycol diacrylate (PEGDA),
and as a multimaterial structure combining PEGDA with 3D-
printed PCL scaffolds (Fig. 17). The authors’ results demon-
strated that the hydrogel PEGDA as a core in the scaffold
mimics more proximately the mechanical properties of the
native tissue (Fig. 18).58 More recently, 3D-tailored TMJ disc
implants were developed and implanted in black Merino sheep:

(1) Poly(glycerol sebacate) (PGS) scaffold reinforced with
electrospun PCL fibers on the outer surface (PGS þ PCL); (2)
PCL and PEGDA (PCL þ PEGDA); and (3) PCL (Figs. 19 and 20).
The results showed that PCL and PCL þ PEGDA discs presented
a higher risk to increase degenerative changes, owing to ma-
terial fragmentation. None of the tested discs regenerate a
new autologous disc; however, PGS þ PCL was safe, demon-
strated rapid resorption, and was capable of preventing

Fig. 17 Micro-CT analysis of TMJ disc scaffolds. (A) PCL. (B) PCL þ PEGDA.

Fig. 18 Final aspect of TMJ disc scaffolds. (A) PCL. (B) PCL þ PEGDA.
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Fig. 19 Interposal biomaterials used in TEMPOJIMS phase 2. (A) PCL TMJ discs. (B) PCL þ PEGDA TMJ discs. (C) PGS þPCL TMJ discs. (D)
3D sketch of TMJ discs.

Fig. 20 Scanning electron microscopy (SEM) analysis of TEMPOJIMS phase 2 scaffolds. (A) PCL disc, �70 amplification. (B) PCL disc
section, �70 amplification. (C) PEGDA disc section, �70 amplification. (D) PEGDA disc, �5000 amplification. (E) PGS disc section, �70
amplification. (F) PGS disc, �5000 amplification.
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condyle degenerative changes.59 Hagandora60 in an in vitro
study also pointed out a great property of PGS taking account
that fibrochondrocytes respond to the application of mechan-
ical forces by producing elevated amounts of extracellular
matrix.

Despite the research that has been on-going in recent years,
a biomaterial that meets all the necessary characteristics to
replace the TMJ disc is still not yet available for clinical trial. It
is expected that in the next few years this will become
possible.

Another important branch of TE research is in the multi-
potent cells. Among these cells, the mesenchymal stem cells
(MSCs) are the most studied, especially in TMD osteoarthritis
(OA) treatment. Derived from a variety of tissues, including
bone, adipose, and synovium, MSCs possess multiple proper-
ties: chondrogenic differentiation, anti-inflammatory activity,
fibrocartilage regeneration, and osteogenic differentiation.
Despite some promising results in the protection of OA and
condylar resorption, the studies are mainly based on intra-
articular injections. The use of these cells in the regeneration
of the articular disc is scarcer and is mainly used with other
biomaterials. In rabbits, Ahtiainen and colleagues29 designed a
PLA disc with adipose stem cells and observed that these cells
improved the morphologic pattern of bone, more similar to the
native, and was observed as regeneration of the adjacent tis-
sue. More recently, a study using adipose-derived stem cells
was designed to differentiate these cells in TMJ disc cells
through laser induction. More than 90% of the cells were viable
with fibroblastic and chondrogenic phenotypes.61 The appli-
cation of this approach has not been applied in in vivo trials. In
a pilot study, using fibrin/chitosan hybrid scaffolds with syno-
vium-derived MSCs, the investigators observed regenerative
ability and overexpression in rats with TMJ disc perforated.47

Dental pulp stem cells were also used in chitosan/alginate
scaffolds and evaluated in in vitro culture.62 These stem cells
showed increased storage modulus and elastic properties,
increasing the cells’ adhesion and the expression of fibro-
cartilaginous markers. However, its effectiveness in in vivo
trials remains to be demonstrated. Also, multipotent mesen-
chymal stromal cells are identified and isolated from TMJ discs
and showed proliferation and differentiation capabilities.63 In
the near future, studies with these cells are expected to show
the effectiveness in the regeneration of the TMJ disc.

To improve the properties shown with stem cells and scaf-
folds, some growth factors have been studied with the objec-
tive of improving the differentiation, proliferation, GAG, and
collagen production. The most noticeable growth factors
include vascular endothelial growth factor,64 bone morphoge-
netic protein-2,65 fibroblast growth factor (FGF),66 TGF-b1,67

high mobility group 1 protein,68 insulin growth factor-1 (IGF-
1)69; platelet-derived growth factor,66,70 epidermal growth
factor,71 interleukin 1,72 and tumor necrosis factor-alpha.73,74

In literature, some investigators explored the potential of
embedding these growth factors in different scaffolds. Deta-
more and Athanasiou75 were pioneers incorporating 3 growth
factors (FGF, TGF-b, and IGF) in PGA scaffolds. All growth
factors improved mechanical and structural integrity; howev-
er, IGF and TGF-b were most effective at promoting collagen
synthesis.75 In PLLA scaffolds treated with IGF1 or TGF-b1 or
TGF-b3, the results were better, with TGF-b1 promoting a
larger number of cells, collagen, and glycosaminoglycans.55

PCL was also encapsulated with microspheres of CTGF and
TGFb3.56 When cultured with human mesenchymal stem/pro-
genitor cells, this scaffold was efficient in generating

heterogeneous fibrocartilaginous matrix, and viscoelastic
properties.56 In the future, it is expected to be able to explore
this concept incorporating the biomaterials with stem cells and
growth factors; however, bureaucratic and ethical constraints
must be reviewed to reinforce the expectation to use this
techniques in humans.

Summary

The demand for a TMJ disc replacement continues to represent
a major challenge today. The great difficulty continues to be to
develop a biomaterial that has the biomechanical and
biochemical properties to represent a viable alternative.

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 substitutes/regenerates the TMJ disc.
Studies should take in consideration the native properties of
the disc, such as mechanical, physical, and biological. A stan-
dardization of studies in large animals such as sheep and pigs
should be also applied.

Although it has not yet been possible to achieve an ideal
biomaterial, the work developed in recent years makes it
possible that this goal is closer.
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