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Article Info Abstract
Bone regeneration plays a critical role in both orthopedic and orthodontic applications

but presents distinct biological, material, and clinical challenges across these fields.
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Introduction

Bone regeneration is essential to restore form and function in patients suffering from trauma, degenerative disease, congenital
defects, or dental malocclusion. Orthopedic surgery frequently deals with complex bone injuries or defects that require
substantial tissue replacement, whereas orthodontic interventions aim for controlled local bone remodelling to facilitate safe
tooth movement. Advances in molecular biology, tissue engineering, and biomaterials science have led to a range of solutions,
including autografts, allografts, synthetic scaffolds, and biostimulation protocols. This review systematically examines and
compares the strategies used and the outcomes achieved in orthopedic versus orthodontic bone regeneration.

Methods

Literature Search

A systematic literature search was conducted via PubMed, Scopus, Web of Science, and Cochrane Database covering studies
published 2018-2025. Keywords included “bone regeneration,” “orthopedic applications,” “orthodontic applications,” “guiding
tissue regeneration,” “biomaterials,” and “comparative evaluation.” Both preclinical and clinical trials were included where
interventions were clearly categorized as orthopedic or orthodontic.

Inclusion/Exclusion Criteria

Studies were included that addressed:

e Original research/trials on bone regeneration in either orthopedic or orthodontic context
e Use of biomaterials, cell therapy, or growth factor-enhanced protocols

e Quantitative outcome measures and comparators

Excluded articles focused solely on theoretical models or had insufficient sample sizes (<10 patients/animals), or lacked clear
comparator groups.
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Data Extraction and Synthesis

Data extracted included study type, patient/animal details,
intervention methods, biomaterial types, outcome metrics
(union rates, bone fill, quality), complications, and length of
follow-up. Data were synthesized using narrative and tabular
comparison.

Orthopedic Bone Regeneration

Techniques

Orthopedic bone regeneration often treats critical-sized

defects from trauma or tumor resection. Techniques include:

e Autogenous bone grafts: “Gold standard” for large
defects.

e Allografts: Used where autograft is limited; risk of
immunogenicity.

e  Synthetic scaffolds: Hydroxyapatite (HA), B-Tricalcium
phosphate (B-TCP).

e  Growth factors: Bone morphogenetic protein-2 (BMP-2,
BMP-7), IGF, TGF-p.

e Stem cell approaches: Mesenchymal stem cells on
scaffolds promote healing.

Clinical Outcomes

Union rates for autograft procedures approach 90%.
Synthetic scaffold—based regeneration sees union rates from
60-80% for segmental defects; BMP-2 improves rate and
speed of bone formation. Complications can include delayed
union, infection, and heterotopic ossification with high-dose
BMPs.

Orthodontic Bone Regeneration

Techniques

Orthodontic regeneration focuses on alveolar bone for tooth

movement and defect repair:

e (Guided tissue regeneration (GTR):  Utilizes
membranes/barriers with/without particulate bone grafts.

e Platelet-rich plasma (PRP): Improves rate of bone
formation and accelerates tooth movement.

o Biomaterial fillers: Carbonated hydroxyapatite (CAP),
deproteinized bovine bone mineral (DBBM).

e  Tissue engineering: Use of growth factors and stem cells
to enhance localized repair.

Clinical Outcomes

Localized bone defects in orthodontics achieve high rates of
bone fill (>75%) and enable successful tooth movement post-
regeneration. Use of GTR and biomaterial grafts can stabilize
outcomes, though some reduction in movement speed is
possible immediately after regenerative procedure. Risks
include root resorption and delayed tooth movement.

Comparative Analysis

Biological Mechanisms

Orthopedic applications require larger scale regeneration,
with mechanical strength and integration, while orthodontic
needs are localized and biologically dynamic. Material
properties, integration, and degradation rates are key
selection criteria.

Biomaterial Efficacy
e Orthopedic: HA, B-TCP, and bioactive composites for
segmental repair.
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e  Orthodontic: Small-volume fillers, bioactive glass, and
collagen for rapid remodelling.
Both contexts benefit from use of bioactive agents, with
differing priorities for longevity, resorption, and ease of
handling.

Healing Timeframes & Complications

Orthopedic healing ranges 4-8 months; orthodontic localized
repair is 2-3 months. Orthopedic complication rates are
higher, reflecting the magnitude of intervention.

Timing and Protocols

e Early orthodontic tooth movement post-regeneration
does not compromise outcomes, given adequate healing
period (typically 4 weeks).

e Long delays may reduce the regenerative tissue’s
potential, but immediate movement can sometimes
enhance bone formation, depending on material and
defect context.

Discussion

Technological progress in stem cell therapy, growth factor—
enhanced scaffolds, and personalized biomaterials is
narrowing the gap between orthopedic and orthodontic bone
regeneration science. Controlled studies indicate that while
materials and biological adjuncts are often similar, clinical
protocols must be tailored to defect size, mechanical context,
and patient needs. Early OTM may be advantageous in
certain regenerative contexts if monitoring for root resorption
and other adverse effects is emphasized. Standardization of
outcome metrics and reporting would further enable cross-
specialty rational material choices and timing protocols.
Limitations of the current literature include lack of long-term
comparative RCTs, variable outcome metrics, and a
predominance of small sample studies. However, clear trends
are seen toward use of bioactive, resorbable materials tailored
by application, and toward combining biological and
mechanical strategies for best outcomes.

Conclusions

Bone regeneration protocols in orthopedic and orthodontic
contexts offer strong evidence for the importance of
application-specific material, protocol, and timing choices.
Large-scale defects seen in orthopedics demand robust,
slowly resorbing materials and high-dose growth factor or
stem cell augmentation. Orthodontic cases benefit from more
rapidly remodelled fillers and regenerative adjuncts focused
on minimizing risk of root resorption and accelerating
healing. Further work is needed in translational clinical
research, and in developing outcome-based standards for
comparative studies.
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