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Abstract:

Endo-periodontal lesions represent a complex pathological process that combines endodontic
inflammation with destruction of periodontal tissues and the alveolar ridge through communication
between the root canal and periodontal pocket. Histomorphological evaluation of the biodegradation of
collagen-hydroxyapatite and collagen-hyaluronic acid composites was conducted via subcutaneous
implantation in 24 white outbred rats. The collagen—hyaluronic acid composite was completely degraded
by week 3, exhibiting minimal hemorrhagic response and preserved dermal architecture. Meanwhile, the
collagen-hydroxyapatite composite exhibited prolonged biodegradation, achieving complete resorption by
week 4, accompanied by fibro-reparative reaction including intense vascularization of granulation tissue,
active collagenogenesis, and dystrophic calcification of the mineral framework (p<0.05).
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1. INTRODUCTION

Endo-periodontal lesions (EPLs) represent a clinically complex form of tooth pathology that combines an
infectious-inflammatory process in the endodontium with the spread of inflammation to periodontal
tissues, the alveolar ridge, and the periapical area up to the level of communication between the root canal
and the periodontal pocket [1,2,3].

In individuals with moderate to severe chronic periodontitis and inadequately treated endodontic
pathology, the presence of fistulous tracts, deep periodontal pockets, and combined pyoinflammatory
periapical lesions contributes to the development of endo-periodontal lesions. [4,5,6,7].

Clinical manifestations of EPLs include progressive alveolar bone loss, detachment of the attached
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gingiva, increased sensitivity to thermal and mechanical stimuli, and persistent dull pain, resulting in a
high risk of tooth loss despite preservation of the crown and root structures [8,9]. Moreover, in EPLs a
direct communication pathway exists between the root canal system and the periodontal pocket, enabling
continuous bidirectional spread of pathogenic microorganisms and inflammatory mediators between
endodontic and periodontal tissues, thereby aggravating disease progression. Radiographically, these
lesions are characterized by vertical and horizontal bone defects along the root surface, periapical
radiolucencies, and deep periodontal pockets exceeding 6 mm, which complicates differential diagnosis
with primary endodontic or periodontal pathology and necessitates an integrated endodontic—periodontal
therapeutic approach [3,5,10].

In recent years, the detection rate of EPLs in patients with complex periodontal and endodontic pathology
has increased significantly due to advances in diagnostic imaging techniques, including CBCT, three-
dimensional tomography, and high-resolution periapical radiography, as well as the growing prevalence
of chronic periodontitis. Furthermore, the morphological complexity of these lesions has increased, with
combined horizontal and vertical bone defects and interradicular resorption becoming more common,
which limits the effectiveness of conventional treatment methods and highlights the need for bioactive
osteoplastic and regenerative biomaterials, including collagen—hydroxyapatite-based composites [8,5,11].
Consequently, the development and pathogenetic justification of regenerative treatment strategies using
collagen- and hydroxyapatite-based biomaterials have become particularly relevant. Recent studies have
demonstrated that collagen—hydroxyapatite composites not only serve as defect fillers but also function as
biocompatible osteoconductive scaffolds that promote tissue integration and stabilization of bone
regeneration in endo-periodontal and periapical defects [3,5,8,10].

Clinical investigations have shown that hydroxyapatite- and collagen-containing materials enhance bone
regeneration and improve tooth survival outcomes, while their combination with platelet-rich plasma
further accelerates reparative osteogenesis. Additionally, emerging evidence suggests that collagen—
hydroxyapatite membranes and bone substitutes can serve as carriers for antimicrobial agents and facilitate
localized mineralization in endodontic and periodontal lesions [8,12].

Therefore, these findings underscore the clinical and morphological importance of optimizing
comprehensive local treatment protocols for EPLs using collagen—hydroxyapatite-based regenerative
materials as pathogenetically justified therapeutic agents.

The aim of this study was to evaluate the resorption dynamics and local tissue response to collagen
composites modified with hydroxyapatite and hyaluronic acid following subcutaneous implantation in
rats.

2. Materials and methods

The experiment was performed using 24 outbred white rats of both sexes with a body weight of 250 + 25
g. The animals were randomly assigned to two experimental groups (n = 6 per group). All rats were
maintained under standard vivarium conditions with a natural light—dark cycle, ad libitum access to food
and water, and controlled environmental parameters (temperature 22—-24 °C and relative humidity 40—
60%).

All experimental procedures involving animals were carried out in compliance with the European
Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes
and were approved by the Local Ethics Committee (Protocol No. 4, September 9, 2024).

For the first experimental group, collagen—hydroxyapatite composite samples (disks measuring 5 x 5 mm
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and weighing 10 mg) were implanted, while the second group received collagen—hyaluronic acid
composites with identical dimensions and mass. The investigated biomaterials were produced as
lyophilized white plates with dimensions of 72 x 72 mm and a thickness of 3—5 mm. Prior to implantation,
sterile fragments measuring 10 x 10 x 2 mm were aseptically cut from the plates.

Subcutaneous implantation was performed in the interscapular region under general anesthesia induced
by intraperitoneal administration of sodium thiamylal at a dose of 50 mg/kg. The surgical wound was
closed in layers using interrupted sutures with absorbable suture material.

Animals were sacrificed at 2-, 4- and 6-weeks post-implantation (two animals per group at each time point)
by anesthetic overdose in accordance with ISO 10993-2 guidelines. The implant, together with
surrounding tissues and regional lymph nodes was excised for subsequent morphological assessment.
Macroscopic evaluation of the fibrous capsule (including color, presence of hematomas, and weight) was
performed, followed by histological analysis. Tissue samples were fixed in 10% neutral buffered formalin
for 48 hours, rinsed, dehydrated through a graded ethanol series (70%, 96%, and 100%), and embedded
in paraffin using standard histological procedures. Serial sections with a thickness of 5—7 pm were
prepared and stained with hematoxylin and eosin.

Histological examination was carried out using a binocular light microscope at magnifications of x40 and
x100. Microphotographs were obtained using a digital HM-35 camera at native resolution.

3. Results
The dynamics of macroscopic changes in peri-implantational capsules are presented in Table 1. In the first
2 weeks, both groups showed a transient body weight reduction of 3—12%, followed by normalization.
Capsule mass in the collagen—hydroxyapatite group was significantly higher in early periods (p<0,05).
Lymph nodes and blood biochemical parameters showed no pathological changes. Complete resorption
of collagen—hyaluronic acid composite occurred by week 3, while collagen—hydroxyapatite composite was
fully resorbed by week 4 post-implantation.
Group 1 (collagen—hydroxyapatite composite) showed a pronounced fibro-reparative tissue response
during all observation periods. At week 2, the implantation zone was surrounded by mature granulation
tissue with numerous thin-walled vessels, perivascular edema, and macrophage and fibroblast infiltration;
collagen fibers at the periphery were loosely organized (Fig. 1A). By week 4, intensified collagenogenesis
led to the formation of thick coarse collagen bundles with reduced vascularity and minimal cellular
infiltration, while residual implant material remained (Fig. 1B). By week 6, remodeling resulted in mature
coarse fibrous scar tissue with dystrophic calcification, destruction of dermal appendages, and marked
vascular reduction, indicating fibrotic healing (Fig. 1C).

Table 1. Macroscopic evaluation of capsules 2-6 weeks after implantation (M+m, n=6)

Time Collagen—hyaluronic acid Collagen—hydroxyapatite
period

Capsules 5,2+0.5 mg, no | Capsules 21,6+1.8 mg* +
Week 2 . .

inflammation punctate hematomas
Week 4 Gray spots Punctate hematomas
Week 6 No traces Punctate hematomas

Note: p<0.05 compared to collagen—hyaluronic acid
Group 2 (collagen—hyaluronic acid) demonstrated a more organized and physiological regenerative
response. At week 2, granulation tissue exhibited orderly collagen bundles and abundant functional vessels
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with preservation of dermal appendages (Fig. 1D). By week 4, highly differentiated connective tissue
formed concentric layers of parallel collagen bundles around implant fragments, with pronounced
vascularization and moderate fibroblast proliferation (Fig. 1E). By week 6, the implant was completely
replaced by mature connective tissue with preserved dermal architecture, moderate vascular reduction,
and absence of hyalinization, indicating favorable tissue integration and regeneration (Fig. 1F).

4. Discussion
This study elucidates the resorption behavior and local tissue response to collagen composites modified
with hydroxyapatite and hyaluronic acid, assessed as bioactive matrices for regenerative applications. As
shown by Maiborodin et al. (2019), biodegradation of collagen membranes in soft tissues primarily occurs
within 4 weeks subcutaneously in animal models [13].

Resorption of the collagen sponge occurs through biodegradation processes. This process begins with the
release of matrix metalloproteinases (MMPs) by cells in the surgical area into the wound during healing,
followed by infiltration and colonization of the matrix by fibroblasts and capillaries, leading to remodeling
of the collagen framework and its replacement by newly synthesized extracellular matrix [12]. It has been
established that the duration of collagen composite preservation plays a key role in the success of
regenerative procedures. According to the obtained data, biodegradation of modified collagen preparations
occurs at different times depending on the modification.

el

Figure 1. Histological dynamics of tissues after implantation.
A — 2 weeks, group 1; B — 4 weeks, group 1; C — 6 weeks, group 1;
D — 2 weeks, group 2; E — 4 weeks, group 2; F — 6 weeks, group 2.
Collagen—hyaluronic acid was completely resorbed by week 4 with minimal hemorrhagic manifestations,
consistent with data on high biodegradability of pure collagen, whereas collagen—hydroxyapatite
composite demonstrated prolonged resorption (4 weeks) due to the mineral framework providing
osteoconductivity, but accompanied by a more pronounced local hemorrhagic reaction. Studies by Giirbiiz
et al. (2023) also demonstrated that collagen-hydroxyapatite-polycaprolactone membranes promote
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increased volume of regenerated bone tissue and improved clinical prognosis for tooth retention in
endoparodontal lesions and periapical defects [14].

5. Conclusion

Experimental results demonstrate differences in biodegradation rates of modified collagen implants. Disks
containing collagen-hyaluronic acid were completely resorbed within 4 weeks with minimal hemorrhagic
manifestations, consistent with known high biodegradability characteristics of pure collagen. The
collagen-hydroxyapatite composites exhibited prolonged resorption due to the mineral framework
providing osteoconductivity, but was accompanied by a more pronounced local hemorrhagic reaction.
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