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ABSTRACT

Aim: The aim of this study is to analyze current data on the molecular and cellular mechanisms underlying the development of degenerative-dystrophic
diseases of the temporomandibular joint (TMJ). The article explores the potential of collagen therapy as a pathogenetically substantiated approach to the
comprehensive treatment of this disease.

Materials and Methods: A systematic review of the scientific literature over the past 20 years was conducted, indexed in PubMed/MEDLINE, Scopus, Web of
Science, the Cochrane Library, RCSB Protein Data Bank until March 2026.

A comprehensive literature search identified 14,865 publications. Following a sequential analysis of titles, abstracts, and full texts based on predefined
inclusion criteria (original experimental and clinical studies, systematic reviews and meta-analyses that revealed the molecular and cellular mechanisms of
TMJ osteoarthritis, the therapeutic impact of types | and Il collagen on joint and bone regeneration) and exclusion criteria (irrelevant papers, duplicates, TMJ
rheumatoid arthritis, septic arthritis, systemic vasculitis). Ultimately, 37 primary sources were selected for the final review.

Conclusions: The authors summarized current data on the pathogenetic mechanisms of TMJ osteoarthritis, analyzed data on the use of collagen in the treatment

of TMJ. The biological role of collagen types | and Il as key structural components of fibrocartilage and subchondral bone is examined.
Special attention is given to the feasibility of using injectable tropocolagen to stimulate reparative processes in the TMJ.

KEYWORDS: temporomandibular joint, bone, osteoarthritis, treatment, cartilage regeneration, collagen type |, collagen type I, tropocollagen.

INTRODUCTION

The temporomandibular joint (TMJ) is a synovial joint
that ensures jaw movement and function. Its complex
anatomical structure and unique biomechanics, com-
bined with the multifactorial nature of degenerative
diseases, pose significant challenges for clinicians [1,2].
Osteoarthritis (OA) of the TMJ affects all joint struc-
tures, including articular cartilage, synovial membrane,
subchondral bone, capsule, ligaments, periarticular
muscles, sensory nerves, and innervating tissues [3,4].

OA develops primarily due to disruption of the
metabolic homeostasis of cartilage and bone tissue.
Deficient collagen and glycosaminoglycan synthesis
leads to matrix dehydration, loss of cartilage elastici-
ty, and the appearance of microcracks, erosions, and
defibrosis [4,5].

Since collagen accounts for up to 70% of the dry mass
of articular cartilage, it acts as a structural framework
that provides three-dimensional strength and holds
aggregates together. With age, collagen synthesis
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decreases, and the ratio of collagen types in tissues
changes. When advanced glycation end products ac-
cumulate in the body, collagen fibers become rigid and
lose their ability to stretch and cushion. This worsens
the condition of the cartilage and subchondral bone.
A decrease in the supply of nutrients and minerals to
chondrocytes leads to their functional depletion and
apoptosis, making the pathological process irreversible
without external therapeutic support [6, 7]. It should be
noted that, unlike the hyaline cartilage of large joints,
the surfaces of the TMJ are covered with fibrous carti-
lage which contains both type | and type Il collagen [8].
This underscores a critical demand not only for type |l
collagen but also for the structural reinforcement of the
type | collagen scaffold.

AIM

The purpose of this study is to analyze current data on
the molecular and cellular mechanisms underlying the
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development of degenerative-dystrophic diseases of
the TMJ. The article explores the potential of collagen
therapy as a pathogenetically substantiated approach
to the comprehensive treatment of this disease.

MATERIALS AND METHODS

A systematic review of the scientific literature over the
past 20 years was conducted, indexed in PubMed/MED-
LINE, Scopus, Web of Science, the Cochrane Library, and
the RCSB Protein Data Bank until November 2025. Goo-
gle Scholar and other sources were also used.The search
utilized MeSH terms, keywords (“temporomandibular

nu

joint,“TMJ,"“osteoarthritis,”“treatment,”“collagen type
" “collagen type Il “collagen supplement,” “collagen
therapy,” “tropocollagen”), and the logical operators
AND and OR.

Initially, 14,865 publications were identified. The in-
clusion criteria were original experimental and clinical
studies, systematic reviews and meta-analyses that
revealed the molecular and cellular mechanisms of
TMJ osteoarthritis, as well as the effect of collagen
types | and Il on joint regeneration. Studies with poor
methodology, irrelevant studies (rheumatoid arthritis,
septic arthritis, systemic vasculitis), and unreviewed
publications were excluded.

The papers were excluded by sequential analysis of
titles, abstracts, and then full texts based on established
selection criteria. After full text analysis, 37 primary
sources that fully met the inclusion criteria were includ-
ed in the final analysis.

The authors summarized current data on the patho-
genetic mechanisms of TMJ OA and the potential thera-
peutic effects of collagen therapy. The results of in vitro
and clinical trials of collagen preparations of various
origins: bovine, porcine, marine and recombinant were
studied. Particular attention was given to studies that
shed light on the pathogenesis of inflammatory and
degenerative diseases of the TMJ and the characteristics
of its fibrocartilage.
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REVIEW AND DISCUSSION
COLLAGENTYPE |

More than 90% of collagen in the human body is type
| collagen due to its widespread distribution in almost
all connective tissues. The molecular formula of type |
collagenis [a1()]a2(l) (a1, a2 are proteins encoded by
the COL1A1 and COL1A2 genes (Fig.1).

Type | collagen is the main component of calcified
tissue in teeth and bones; it is present in skin, tendons,
blood vessels, lungs, and the heart. Type | collagen plays
a critical role in maintaining the integrity of subchondral
bone, as it constitutes approximately 90% of its organic
matrix and forms a highly ordered fibrillar network,
which provides bone with the ability to withstand
tensile loads and serves as the basis for hydroxyapa-
tite mineralization. Impaired type | collagen synthesis
leads to a decrease in the mechanical stability of the
condylar process of the mandible, which accelerates the
destruction of the cartilage above it. Modern protocols
consider the use of bioactive collagen peptides type | as
a means of stimulating osteoblasts and restoring sub-
chondral bone density, which can slow the progression
of osteoarthritis [6].

OA develops as an acute inflammatory process with a
tendency to chronic development: chondrocytes enter
the joint cavity, the osmotic pressure in the articular
cartilage changes, and proteoglycans progressively
migrate into the joint space, interfering with the natural
stages of healing. Proinflammatory factors (synoviocyte
tumor necrosis factor (TNF-B), interleukins: IL-6, IL-
Ta and IL-1B) are released, stimulating enzymes that
degrade cartilage: disintegrin and metalloproteinase
with thrombospondin motifs (ADAMTS) and matrix
metalloproteinases (MMP) [9]. These enzymes cause
degradation of the extracellular matrix (ECM), including
collagen. For this reason, exogenous collagen adminis-
tration has been investigated as a possible symptomatic
adjuvant or independent method of treating osteoar-
thritis [10].

COLLAGENTYPEII
Collagen type Il is a common matrix molecule of carti-
lage, with the molecular formula [a@1(I1)]3 (Fig.2).
Collagen type Il is associated with many diseases,
such as skeletal dysplasia, rheumatoid arthritis, osteo-
arthritis, and OA. The degradation of type Il collagen
(COL2A1) induces chondrocyte hypertrophy via the
bone morphogenetic protein (BMP) signaling pathway,
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Fig. 1. Structure of the triple helical region of human collagen type | by Trautec from RCSB protein data bank
Source: compiled by the authors based on [https.//www.rcsb.org/structure/8K4W]

Fig. 2. Structure of the triple helical region of human collagen type Il by Trautec from the RCSB protein data bank
Source: compiled by the authors based on [https.//www.rcsb.org/structure/9J23]

consequently accelerating the progression of TMJ OA
[11]. A significant number of preclinical, experimental,
and clinical studies over the past 20 years have demon-
strated the effectiveness of type Il collagen preparations
(including its native form UC-II®) in the treatment of
joint inflammation [12,13].

UClI® is a triple helix with bioactive regions called
epitopes. These promote binding of undenatured
type Il collagen to Peer’s plaques in the small intes-
tine, which underlies its unique mechanism of action
inducing oral tolerance. After binding, a Peer’s plaque
dendritic cell determines that this antigen is harmless
to the body and initiates the activation ofimmune cells,
specifically regulatory T-lymphocytes. The importance
of regulatory T-cells stems from their ability to reach
sites of inflammation and cartilage destruction and
secrete anti-inflammatory cytokines such as IL10 and
transforming growth factor § (TGF-B). IL10 inhibits the
synthesis of IL1, IL6, and TNFa, preventing the latter
from stimulating chondrocytes to release aggressive
enzymes and nitric oxide. TGF-3 stimulates the synthe-
sis of cartilage matrix components by chondrocytes:
collagen, chondroitin sulfate, and hyaluronic acid (HA).
Therefore, the use of UC-11° helps reduce inflammation,
renew cartilage, and improve joint movement [13].

SOURCES OF COLLAGEN
Nowadays, collagen is obtained using a variety of meth-
ods, including natural sources and specially developed
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recombinant systems based on bacteria, yeast, insects,
or mammalian cells [14]. Chemical or enzymatic hydro-
lysis is typically used to process raw materials, resulting
in hydrolyzed collagen. This group of peptides dissolves
better than their original (native) form. Extraction is
easy, so peptides are actively used in production [15].

Traditionally, the most common sources of animal
collagen remain the tissues of cattle, pigs, poultry, and
marine organisms [16]. Such products may carry a risk
of transmitting spongiform encephalopathy. Clinical
observations of patients receiving bovine collagen
implants indicate that immune reactions are almost
nonexistent and subside when the material is com-
pletely absorbed [14]. Furthermore, this collagen is
well suited as a precursor to peptides that reduce the
activity of angiotensin-converting enzyme, helping to
correct blood pressure [17,18].

In parallel, porcine collagen is widely used in medical
practice; due to its high similarity to human protein,
it causes virtually no allergic reactions. Its peptides
demonstrate significant potential in the prevention
and treatment of osteoporosis [19], and collagen mem-
branes based on porcine tissue have confirmed their
biocompatibility in bone regeneration processes [20].
Chicken feet and sheep and goat tendons are rich in
beneficial nutrients and have therefore proven them-
selves to be alternative collagen sources. Collagen ob-
tained from goat tendons has been shown to be similar
in its physical and chemical properties to calf collagen
and has demonstrated better cytocompatibility [21].
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At the same time, religious restrictions on the con-
sumption of pork or veal products, as well as epidemi-
ological threats, are stimulating the development of
the marine collagen segment [14]. Collagen from fish
or marine invertebrates yields a high yield and does not
transmit zoonotic diseases. Although marine collagen
has somewhat lower thermal stability and mechanical
strength due to its lower amino acid content, the use
of cross-linking methods allows its successful use as a
biomaterial in tissue engineering [22]. Over the past
twenty years, marine organisms and their derivatives
have increasingly been used in the development of
new drugs [23,24].

TMJ AND COLLAGEN

Modern collagen preparations, given their wide range
of sources and high biocompatibility, open up new
perspectives in the treatment of degenerative-dystro-
phic joint diseases. This issue is particularly relevant in
the treatment of TMJ, as the structural integrity of its
cartilage and subchondral bone directly depends on
collagen metabolism.

Unlike the large joints of the limbs, the TMJ has a
unique histological structure. Its articular surfaces are
covered not by hyaline cartilage, but by fibrous carti-
lage—a dense fibrous connective tissue where type |
collagen predominates [25]. This influences the choice
of treatment, since in TMJ OA, the collagen framework
is destroyed due to progressive degradation of the
collagen matrix. Consequently, the joint space narrows,
crunching occurs, and jaw mobility is limited [5].

The use of collagen hydrolysates in the complex ther-
apy of degenerative-dystrophic diseases of the TMJ not
only inhibits the activity of proinflammatory cytokines
but also stimulates chondrocytes and fibroblasts to
restore damaged structures. Furthermore, given the
complex etiology of degenerative-dystrophic processes
inthe TMJ, modern protocols include a combination of
collagen peptides with B vitamins and other cofactors.
This helps build new modified, mechanically stable
collagen fibers [26].

Collagen can help with osteoarthritis of the TMJ not
only by replenishing protein deficiency. Its effects are
complex, influencing molecules and cells. A key aspect
in the pathogenesis of this disease is changes in me-
tabolism in fibrocartilage. The matrix then degrades
faster than it can be restored, as metalloproteinases
begin to break it down more rapidly. Therefore, oral
administration of hydrolyzed collagen initiates ana-
bolic processes in the joint due to the accumulation
of specific peptides, namely proline-hydroxyproline,
in the synovial fluid. These bioactive molecules act

as ligands for receptors on the surface of chondro-
cytes and fibroblasts of the TMJ, stimulating them to
increase the expression of genes responsible for the
synthesis of endogenous collagen types | and Il, as
well as aggrecan [5,25].

Of particular importance for the TMJ is the ability of
collagen peptides to influence the local immune re-
sponse through the mechanism of oral tolerance. The
interaction of native collagen molecules with intestinal
lymphoid tissue promotes the differentiation of specific
T-regulatory cells, which migrate to the site of inflam-
mation in the TMJ area and secrete anti-inflammatory
cytokines [26]. This helps stop secondary synovitis
and slow the destruction of the collagen framework
of the articular disc. At the same time, restoration of
the structural integrity of the subchondral bone of the
condylar process of the mandible with the participation
of type | collagen provides the necessary biomechanical
support to the articular surfaces, preventing further
deformation of bone structures. Optimization of the
rheological properties of synovial fluid by stimulating
the synthesis of its own HA complements this complex
multicomponent mechanism, providing the necessary
lubrication and reducing mechanical friction during
articulation [27].

Therefore, both type | and type Il collagen help en-
sure pathogenetically based restoration of all parts of
the temporomandibular joint as a unified system. This
allows for a synergistic effect, as the combination of
different collagen types allows for the joint to be treated
as a holistic biomechanical structure.

When planning the treatment of TMJ osteoarthritis,
the clinical picture, the degree of joint destruction,
and the intensity of the pain syndrome are primarily
taken into account. Although many different methods
exist for achieving stable treatment, individualized and
comprehensive treatment s essential. Timely and com-
prehensive treatment is essential for slowing the patho-
logical process [4, 28]. Early diagnosis and treatment
strategies for osteoarthritis can improve outcomes and
reduce disability and social burden associated with this
disease [29].

COLLAGEN AND BONE METABOLISM

In vitro studies of collagen preparations with varying
degrees of hydrolysis or polymerization have demon-
strated their positive effects on synovial and cartilage
cells in animals and humans. Collagen stimulated
increased chondrocyte proliferation and the synthesis
of cartilage extracellular matrix proteins, increased HA
synthesis, and reduced the release of inflammatory
mediators [30]. Purified atelocollagen of porcine ori-
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gin is a soluble form of type | collagen. This collagen
is readily absorbed by the body and has little immune
response. Purified atelocollagen has along half-life and
is resistant to enzymatic degradation. This collagen has
demonstrated the ability to directly reduce the inflam-
matory response and promote tissue repair, serving as
a scaffold matrix for regenerative processes in the area
of injury [31].

Recent meta-analyses show that collagen supplemen-
tation helps alleviate the symptoms of osteoarthritis.
They found an overall significantimprovementin knee
joint mobility and pain reduction [32]. Following oral
administration of collagen, an improvement in bone
mineral density was observed in individuals with early
bone loss, particularly in postmenopausal women with
osteopenia [33].

Massicotte F. et al. (2002) investigated intra-articular
injection of type | collagen as a possible symptomatic
adjuvant or standalone treatment for OA. The results
showed that collagen injection stimulates chondro-
cytes to produce hyaline cartilage and inhibits the nor-
mal inflammatory response, leading to the formation
of fibrous tissue, reducing symptoms, and improving
functionality [34].

In studies by Tsai K.S. et al. (2010) of different types
of biomaterial coatings, collagen type | has proven to
be the best extracellular matrix protein for enhancing
osteogenesis, as it promotes the proliferation and os-
teogenesis of human mesenchymal stem cells (hMSC)
by activating the extracellular signal-regulated kinase
(ERK), protein kinase B (Akt) pathways [35].

In vivo studies by Tarantino D. et al. (2023) of in-
tra-articular administration of collagen type Il solution
demonstrated therapeutic efficacy and cartilage re-
generation efficiency similar to that of HA in rats with
osteoarthritis induced by meniscectomy of the knee
(MNX). In this study, treatment of articular cartilage with
collagen type Il solution attenuated the loss of collagen
type Il expression, thereby maintaining chondrocyte
and cartilage density, similar to HA. Treatment with
a solution of collagen Il and HA increased aggrecan,
which acted as a protective mechanism in osteoarthri-
tis, and expression of SRY-box transcription factor 9
(SOX-9) reduced cartilage damage, thereby preventing
significant destruction of chondrocyte collagen in the
articular cartilage of rats with MNX-induced OA, similar
to that of HA [30].

Porcine collagen, obtained by tangential filtration
and sterilization with controlled molecular weight,
is contained in an injectable preparation of tropo-
collagen type | with a molecular weight of 300 kDa
(MD-Collagen (GUNA SpA, Milan, Italy)). The obtained
injectable tropocollagen type | is a pure product that
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has standardized physicochemical characteristics
with high clinical safety. In addition to biochemical
and phylogenetic similarity with collagen of human
tissues, it contains high concentrations of the main
collagen-forming amino acids: glycine (22.8%), proline
(13.8%), hydroxyproline (13%). The average content of
otheramino acids is only 3% (maximum glutamic acid
9.5%, minimum tyrosine 0.4%). The MD-Collagen line
of products includes MD-TISSUE, which, in addition
to tropocollagen type |, contains other biologically
active substances in its formula, namely a complex of
vitamins C, B1, B2, B6, and Mg gluconate, essential for
collagen synthesis [31]. This tropocollagen normalizes
metabolic processes in the joint at the cellular level,
stimulates biorevitalization and protects against the
effects of free radicals, promoting tissue regeneration
in the event of damage. It has proven itself in orthope-
dics and traumatology for the treatment of degenera-
tive-dystrophic joint diseases, lumbago, osteoporosis,
and rheumatoid arthritis. In dentistry, it is used to
improve tissue regeneration in the alveolar bone of
the jaws and the oral mucosa, particularly during oral
surgery on both soft and hard tissues.

Given the pronounced regenerative therapeutic ef-
fect of tropocolagen type |, its use is advisable for the
treatment of inflammatory, degenerative-dystrophic
processes in the TMJ, osteoporosis, and degenera-
tive-dystrophic changes in bone structure.

The effectiveness of collagen therapy for the treat-
ment of degenerative-dystrophic diseases of the TMJ
is determined by the presence of specific cofactors.
Vitamin C helps hydroxylate proline and lysine residues.
This maintains the stability of the collagen triple helix.
B vitamins reduce neurogenic pain, which often occurs
during the treatment of TMJ diseases, and improve
bone structure by promoting the metabolic processes
necessary for collagen formation and metabolic regu-
lation [371].

CONCLUSIONS

The conducted systematic review showed that, taking
into account the above-mentioned anti-inflammatory
effect of collagen, slowing down the destruction of the
collagen skeleton of the articular disc, restoring the
structural integrity of the subchondral bone, the bone
of the mandible head, ensuring biomechanical support
of the articular surfaces, improving the rheological
properties of the synovial fluid, etc. in the tissues of
the joint, it is advisable to use collagen preparations of
types | and Il for the treatment of degenerative-dystro-
phic diseases of the TMJ, osteoporosis, and degenera-
tive changes in the bone structure.
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