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Abstract

Introduction: Endochondral and membranous ossification is the fundamental physiological mechanism
of bone growth; however, under certain conditions, it may be pathologically activated in extraosseous
tissues. This phenomenon has been closely associated with chronic inflammation and altered tissue
microenvironments and has been described in multiple anatomical locations, particularly in tissues
with synovial physiology. In the cardiovascular system, calcification and ossification of structures
such as cardiac valves, the fibrous skeleton and the development of the oss cordis represent clinical
manifestations of similar biological processes.

Objective: To describe the histopathological features of benign extraosseous cartilaginous lesions
associated with chronic inflammation in soft tissues and to explore their parallels with the mechanisms
involved in cardiac calcification and ossification, including oss cordis formation.

Methods: A retrospective analysis was conducted on seven cases of benign extraosseous cartilaginous
tumors with histological evidence of chronic inflammation. Specimens were processed using conventional
histological techniques and evaluated by an experienced pathologist, focusing on patterns of chondrogenic
differentiation and endochondral ossification.

Result: All cases demonstrated ectopic cartilaginous tissue with features consistent with organized
endochondral ossification. Lesions were in synovial tissue, tendon sheath, skin and showed
chronic inflammatory infiltrates in the surrounding stroma. Histopathological diagnoses included
osteochondromatosis, cartilaginous fibroadipose tissue and chondromyxoid fibrous tissue.

Conclusions: Chronic inflammation emerges as a central factor in the aberrant activation of chondrogenic
and osteogenic differentiation programs in soft tissues, leading to extraosseous endochondral ossification.
Histopathological and molecular parallels with cardiac calcification and ossification suggest a shared
etiopathogenic basis, with relevant implications for the development of therapeutic strategies targeting
early stages of the process.

Keywords: Endochondral ossification; Extraosseous ossification; Chronic inflammation; Synovial tissue;
Cardiac calcification; Oss cordis

Introduction

Endochondral ossification is a highly regulated biological process that plays an
essential role in the formation and growth of long bones during embryonic and postnatal
development. This mechanism involves the sequential differentiation of mesenchymal cells
into chondrocytes, subsequent chondrocyte hypertrophy, mineralization of the cartilaginous
matrix and eventual replacement by mature lamellar bone. These events are tightly controlled
by complex molecular signaling networks, including the BMP, TGF- and Wnt/(-catenin
pathways. Although endochondral ossification has traditionally been considered exclusive to
skeletal tissue, accumulating evidence indicates that this program can be aberrantly activated
in extraosseous tissues. In this context, many calcifications previously interpreted as passive
dystrophic phenomena represent organized processes of ectopic chondrogenesis followed by
endochondral ossification. This conceptual shift has enabled pathological calcification to be
understood as a biologically active, dynamic and regulated process.
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Tissues with synovial physiology-such as joints, tendon sheaths,
and bursae-constitute an environment particularly susceptible
to these phenomena. The combination of chronic mechanical
stress, an extracellular matrix rich in proteoglycans and persistent
proinflammatory cytokine signaling creates a microenvironment
conducive to aberrant mesenchymal
chondrogenic and osteogenic phenotypes. In this setting, chronic
inflammation acts as a potent modulator of cellular plasticity. A
similar paradigm shift has occurred in the cardiovascular system.
Valvular calcification and ossification of the cardiac fibrous skeleton,

differentiation toward

historically regarded as passive degenerative processes, are now
recognized as the result of active mechanisms that recapitulate
stages of osteogenesis and endochondral ossification [1-6]. The
formation of the oss cordis represents the most organized and
advanced expression of this process. In the present study, we report
a series of cases of extraosseous endochondral ossification in soft
tissues, aiming to characterize their histopathological features and
to discuss their implications in relation to cardiac calcification and
ossification [7,8].

Materials and Methods
Study design and case selection

A retrospective study was conducted based on the analysis of
seven cases of benign extraosseous cartilaginous lesions diagnosed
histologically [9]. Cases were selected from archived material in the
pathology department using strict inclusion criteria: Histological
confirmation of a benign cartilaginous lesion, extraosseous location,
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origin in synovial or synovium-like tissues and evidence of chronic
inflammation in the surrounding tissue.

Histopathological evaluation

All specimens were fixed in 10% buffered formalin and
embedded in paraffin. Histological sections of 4pm thickness were
prepared and stained with hematoxylin and eosin. Histological
analysis focused on the identification of ectopic hyaline cartilage,
the presence of endochondral ossification patterns-including
chondrocyte hypertrophy, matrix calcification and lamellar bone
formation-the type and intensity of the inflammatory infiltrate and
the organization of the extracellular matrix [10-12]. Diagnostic
evaluation was performed by a pathologist with expertise in soft
tissue and cartilaginous pathology.

Result

In all seven cases, ectopic cartilaginous tissue with histological
features consistent with organized endochondral ossification was
identified. Lesions were in synovial tissue (four cases), tendon
sheath (one case) and skin (two cases). Histopathological diagnoses
included osteochondromatosis, cartilaginous fibroadipose tissue
and chondromyxoid fibrous tissue (Figure 1). Chronic inflammatory
infiltrates with a predominance of mononuclear cells were observed
in the stroma adjacent to the cartilaginous tissue in all cases [13-
16]. Cartilaginous areas exhibited hypertrophic chondrocytes, focal
matrix calcification and progressive transition toward lamellar
bone trabeculae containing osteocytes within lacunae, confirming a
clear pattern of extraosseous membranous ossification.

Oss Cordis

Figure 1: Histological features of the oss cordis.

Histological Features of the Oss Cordis and Cardiac
Tissue

From a histopathological perspective, the Oss cordis is
characterized by the presence of mature bone tissue integrated

within the cardiac fibrous skeleton [17,18]. This bone tissue
displays an organized architecture, preceded by well-defined stages
of hyaline cartilage formation with hypertrophic chondrocytes,
extracellular matrix calcification and subsequent replacement by
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lamellar bone. Active vascularization and chronic inflammatory
infiltrates are frequently observed in adjacent areas, indicating a
dynamic and regulated process. Figure 1 illustrates a representative
example of this histological pattern in a cardiac context [19].
These findings confirm that the Oss cordis does not represent an
amorphous calcific deposit but rather a true phenomenon of ectopic
endochondral ossification. The Sirtuin 1 (SIRT 1) gen encodes a
NAD dependent deacetylase belonging to the sirtuin family, a group
of proteins involved in epigenetic regulation, energy metabolism
and cellular stress responses SIRT1 functions as a metabolic
sensor that modulates gene expression through post-translational
deacetylation of key transcription factors and regulatory proteins,
including NF-kB, FOXO, transcriptions factors, p 53 and PGC-1 alfa
[20-24]. Through these interactions, SIRT 1 plays a central role
in the regulation of inflammation, oxidative stress, mitochondrial
functions and cellular senescence SIRT 1 is widely expressed in
cardiovascular tissues, where it contributes to the maintenance of
cellular homeostasis and structural integrity.

In the context of valvular heart disease particularly calcific
aortic valve disease, SIRT 1 exerts a predominantly protective
role. Reduced expression of activity of SIRT 1, commonly observed
during aging and in metabolic disorders, promotes osteogenic
differentiation of valvular interstitial cells through upregulation
of osteogenic signaling pathways involving transcription factor
[25]. From a pharmacological perspective SIRT 1 activity can be
modulated by both agonists and antagonists, most of which have
been investigated in preclinical settings. Natural compounds such
as resveratrol act as indirect activators of SIRT1, while synthetic
small molecules including SRT1720 and SRT2104 exhibit greater
specificity and potency [26-29]. These agents have demonstrated
anti-inflammatory and anticalcific effects in experimental models.
In constract, SIRT 1 inhibitor including sirtinol and selisistat
supress sirt 1 activitty and have the oppositive effect (Table 1).

Table 1: Tissue patients diagnosis synovial.

Tissue Patients Diagnosis
SINOVIAL 4 Ostheocondromatosis
TENDON 1 Cartilaginous fibroadipose tissue
SKIN 2 Chondromyxoid fibrous tissue
Discussion

The findings of this case series support the hypothesis that
chronic inflammation in soft tissues with synovial or synovium-
like physiology can activate aberrant mesenchymal differentiation
programs, leading to ectopic cartilage formation and subsequent
endochondral ossification. This process represents an active,
highly organized phenomenon regulated by molecular signals
shared with physiological osteogenesis. In the cardiovascular field,
numerous studies have demonstrated that valvular calcification
and ossification of the cardiac fibrous skeleton follow a similar
pathogenic sequence, characterized by inflammation, recruitment
of progenitor cells, osteochondrogenic differentiation and organized
mineralization [30]. The expression of key regulatory factors
such as BMPs, osteopontin and Runx2 in calcified valves further

reinforces the analogy between these processes. The oss cordis
represents the structural extreme of this pathological spectrum.
From a translational perspective, distinguishing between passive
dystrophic calcification and active endochondral ossification is
essential. Given that chronic inflammation constitutes a common
denominator, therapeutic strategies
inflammatory responses or interfering with osteochondrogenic

aimed at modulating

signaling pathways may have potential applications in both
articular disorders and degenerative cardiovascular diseases.

Conclusion

Extraosseous endochondral ossification in soft tissues

associated with synovial physiology is an active process driven by
chronic inflammation and aberrant mesenchymal differentiation.
Histopathological and molecular parallels with cardiac
calcification and ossification, including the Oss cordis, suggest
shared etiopathogenic mechanisms. This model provides a robust
foundation for exploring therapeutic interventions targeting early
stages of the process.
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