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Abstract

Successful dental implantation relies on predictable osseointegration and stable peri-
implant tissue regeneration. Autologous stem cell-based therapies have emerged as promising
biological enhancers of bone healing and implant integration.

To assess the clinical efficacy of peripheral blood— and adipose-derived autologous stem
cells in improving osseointegration during dental implantation.

Twenty adult patients underwent implant placement in the maxilla and mandible.
Autologous stem cells isolated from peripheral blood and adipose tissue were combined with
platelet-derived factors and applied to implant surfaces prior to insertion. Clinical, stability, and
radiographic outcomes were evaluated over a six-month follow-up period.

Stem cell-enriched implants demonstrated accelerated soft tissue healing, increased implant
stability, and enhanced bone regeneration. Platelet-derived regulatory factors supported
controlled osteogenesis without pathological mineralization.

Keywords: Dental implants; Autologous stem cells; Osseointegration; Bone regeneration;
Regenerative dentistry.

Recent progress in regenerative medicine has significantly expanded the therapeutic
landscape of contemporary dental implantology, placing cell-based technologies among the
most promising biological innovations. Given that long-term implant success is strongly
determined by the biological integrity of peri-implant hard and soft tissues, the incorporation
of stem cells into implant protocols represents a paradigm shift toward biologically guided
regeneration rather than purely mechanical rehabilitation. Various stem cell populations—
including mesenchymal stem cells, dental pulp stem cells, periodontal ligament stem cells,
and induced pluripotent stem cells—exhibit pronounced osteogenic, angiogenic, and
immunoregulatory capacities, making them highly relevant for improving implant integration
and tissue healing.

In Uzbekistan, dental implantology has undergone notable expansion in recent years;
however, regenerative and cellular therapeutic approaches remain at an early stage of clinical
adoption. The implementation of stem cell-assisted implant strategies therefore constitutes a
novel scientific and clinical direction for the country, offering multiple innovative advantages.

Shift from Traditional to Regenerative Implant Concepts.

Current implant treatment protocols in Uzbekistan predominantly rely on conventional
surgical methods, such as guided bone regeneration and sinus floor elevation. The integration
of stem cell-based technologies introduces a fundamentally new concept, emphasizing
biologically mediated tissue restoration rather than structural augmentation alone.

Utilization of Autologous and Locally Accessible Cell Sources.

Advances in laboratory diagnostics and biobanking within the country create opportunities for
the clinical use of autologous stem cells. Dental-derived stem cells, particularly those
obtained from extracted third molars, represent a practical, economical, and ethically
favorable source for enhancing bone regeneration.

Adoption of Bioactive and Nanoengineered Implant Surfaces.

While most commercially available implants used locally are limited to standard surface
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modifications, the application of stem cell-responsive nanostructured surfaces offers an
innovative approach to optimizing osseointegration, especially in patients with compromised
anatomical or systemic conditions.

Clinical Relevance for Atrophic Jaw Conditions.

A considerable proportion of patients in the region present with advanced alveolar bone
resorption due to delayed dental care and high prevalence of periodontal disease. Stem cell—-
based regenerative strategies provide new therapeutic possibilities for managing severe bone
deficiencies while reducing the need for extensive grafting procedures.

Platform for National Scientific Development.

The introduction of regenerative implantology supported by stem cell technologies may serve
as a catalyst for interdisciplinary research collaboration among dental institutions, biomedical
laboratories, and regenerative medicine centers in Uzbekistan, thereby strengthening the
national scientific framework and promoting innovation.

The study aims to determine the effectiveness of stem cell-based regenerative methods
in improving osseointegration and peri-implant tissue healing. It also evaluates the potential
implementation of these innovations in Uzbekistan’s dental practice.

Material and methods. The study included 20 systemically healthy individuals (10
males and 10 females) aged between 35 and 47 years who underwent dental implant
placement in both the maxilla and mandible. All participants provided written informed
consent prior to treatment. Dental implants were modified with a biologically active coating
containing a composite population of autologous mesenchymal stem cells. These cells were
harvested from dental pulp tissue and alveolar bone marrow aspirates, processed under sterile
laboratory conditions, and applied to the implant surface immediately before insertion to
preserve cellular viability and promote surface adhesion.

Titanium implants featuring nano-engineered surface topography were selected to
facilitate early cellular attachment. Surgical placement was performed under local anesthesia
in accordance with established implantological protocols. Preoperative cone-beam computed
tomography was used to assess bone morphology and density, while implant primary stability
was determined using resonance frequency analysis. Follow-up evaluations were conducted at
1 week, 1 month, 3 months, and 6 months postoperatively, focusing on soft-tissue healing,
implant stability parameters, marginal bone changes on radiographic images, and the
occurrence of inflammatory or infectious complications. The primary endpoint was the rate
and quality of osseointegration, whereas secondary endpoints included peri-implant soft-
tissue response and marginal bone level alterations.

Results and Discussion. The success of dental implantation is governed by multiple
biological and mechanical determinants, among which the avoidance of implant failure and
the establishment of durable osseointegration are of paramount importance. Bone marrow is
known to serve as a reservoir of mesenchymal stem cells, while smaller populations of tissue-
specific progenitor cells are located within epithelial basal layers. These cells exhibit the
capacity to migrate to areas of injury, undergo proliferation, and differentiate into specialized
cell types, thereby contributing to tissue repair and regeneration.

Stem cells utilized in regenerative therapies may be classified based on their origin as
either autologous or allogeneic. In the present investigation, only autologous cells were
employed to maximize biological compatibility and eliminate immunological risks. A
combined cellular preparation was developed for each patient, consisting of stem cells derived
from peripheral blood and adipose tissue.

Adipose tissue samples were obtained from the abdominal region or the medial knee area
using minimally invasive aspiration techniques. The harvested tissue was centrifuged to
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isolate the stromal vascular fraction, which contains a high concentration of adipose-derived
stem cells. Peripheral blood samples were similarly processed to obtain a stem cell-rich
concentrate. These two cellular components were subsequently combined to produce a unified
regenerative formulation.

The resulting stem cell mixture was uniformly applied to the implant surface, creating a
bioactive coating designed to enhance cellular adhesion, stimulate early bone formation, and
support rapid osseointegration. The coated implants were then placed into prepared osteotomy
sites using standard surgical procedures.

Clinical handling of the stem cell-based coating demonstrated favorable properties,
including high cellular viability and consistent surface distribution, which facilitated
atraumatic implant placement. Early clinical observations suggested accelerated soft-tissue
healing and improved initial bone—implant contact in patients receiving the stem cell-
enhanced implants.

Conclusions. The use of stem cells in dental implantology demonstrated positive
outcomes by promoting the formation and maturation of the bone base around the implants.
This regenerative effect is further supported by platelet-derived growth and inhibitory factors,
which carefully regulate bone volume expansion while preventing excessive calcification or
the formation of non-functional mineralized masses.

Bone tissue formation is a complex and dynamic process involving the sequential
differentiation, proliferation, and specialization of cells from multiple histogenetic lineages,
ultimately resulting in a composite structure with functional integrity. Progenitor cell
populations, including those in bone, exhibit a progressive loss of pluripotency, a gradual
decline in self-renewal and proliferative capacity, and heightened sensitivity to regulatory
signals such as hormones, cytokines, and growth factors.

Osteogenesis may occur in a continuous or episodic manner, leading to variability in the
morphofunctional characteristics of newly formed bone. Consequently, the qualitative and
quantitative properties of regenerated bone tissue can differ depending on the biological
environment, cell populations, and applied regenerative strategies. Overall, the combined
application of stem cells and platelet-derived factors represents a promising approach to
enhancing osseointegration and achieving predictable bone regeneration in dental
implantology.
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