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Abstract Injectable resorbable synthetic bone grafts have emerged over the past two decades as a promising
strategy for the reconstruction of bone defects, aiming to overcome the inherent limitations associated with
autografts and allografts. By offering injectability, adaptability to complex defect geometries, and reduced surgical
invasiveness, these systems provide a versatile approach for managing a wide range of skeletal injuries. However,
a critical evaluation of the available evidence suggests that the success of these materials depends not only on their
biocompatibility and biodegradability but also on achieving a delicate balance among rheological properties, initial
mechanical strength, degradation kinetics, and the biological responses of the host tissue. Mismatches between
material degradation and new bone formation, the release of inflammatory degradation by-products, and
insufficient mechanical performance in load-bearing applications remain significant challenges that continue to
limit the complete replacement of conventional grafting approaches in certain clinical settings. Meanwhile, recent
advances in biomaterials engineering indicate that the next generation of injectable bone grafts will likely evolve
into multifunctional systems capable of actively modulating the regenerative microenvironment in addition to
serving as structural scaffolds. The development of smart grafts with controlled delivery of bioactive agents,
integration with three-dimensional bioprinting technologies, and incorporation of cell-based therapeutic strategies
represent promising avenues for enhancing their regenerative potential. Nevertheless, realizing this vision will
require rigorous preclinical investigations, long-term clinical studies, and close interdisciplinary collaboration
among materials scientists, biologists, and orthopedic surgeons to bridge the gap between laboratory innovations
and safe, predictable clinical translation.
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1. Background

Repairing bone defects remains a major challenge in
orthopedic surgery, maxillofacial reconstruction, and
regenerative medicine. Successful bone healing requires
not only filling the defect space but also restoring a
suitable  biological, mechanical, and vascular
environment for new tissue formation. Although
autografts are considered the clinical gold standard
because of their osteogenic, osteoinductive, and
osteoconductive properties, they are limited by donor-
site morbidity, pain, bleeding, infection risk, nerve
injury, and restricted availability. Allografts provide an
alternative source of bone substitute, but they also face
important limitations, including biological variability,
reduced osteoinductive potential after processing,
biosafety concerns, and inconsistent clinical
performance. These challenges have driven growing
interest in synthetic injectable grafts that can combine
structural support with biological functionality [1, 3].

2. Purpose
This review aims to critically examine injectable
absorbable synthetic bone grafts as a modern strategy

for bone repair and reconstruction. The article focuses
on how these materials may overcome the limitations of
conventional grafting methods while offering the
advantages of minimally invasive delivery, conformity
to complex defect geometries, and support for bone
regeneration [1, 3, 5].

3. Methods

This article is a narrative critical review of the
current literature on injectable absorbable synthetic
bone grafts. The review synthesizes evidence from
studies on calcium phosphate cements, bioactive glass-
based systems, polymeric carriers, composite scaffolds,
growth factor-loaded materials, and cell-assisted
approaches. Rather than reporting an original
experiment, the article evaluates the material classes,
design principles, biological mechanisms, and
translational challenges associated with injectable graft
technologies [1-5].

4. Results and Discussion

The review shows that injectable absorbable
synthetic bone grafts represent a highly promising
platform for bone regeneration, particularly in defects
where minimally invasive delivery is desirable. Several
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material families are discussed, including calcium
phosphate-based injectable cements, bioactive glass
composites, and polymeric systems based on hyaluronic
acid, alginate, gelatin, and chitosan. More advanced
formulations combine these components with
nanofibers, growth factors, or cell carriers to improve
biological performance [4, 5]. A central theme of the
review is the need to balance multiple competing design
requirements. An ideal injectable graft must have
sufficiently low viscosity for injection, yet sufficient
cohesion and stability to remain in place after
implantation. At the same time, its degradation rate must
match the pace of new bone formation, while its
mechanical properties must be adequate for the intended
clinical site [1, 3]. The article emphasizes that this
balance is particularly difficult in load-bearing defects,
where current materials often remain mechanically
limited [3, 5]. The discussion also highlights important
translational  barriers. These include potential
inflammatory responses to degradation products, poor
predictability of in vivo behavior, and the difficulty of
translating laboratory success into consistent clinical
outcomes [2]. The review argues that the future of this
field lies in the development of multifunctional smart
grafts capable of the controlled release of bioactive
molecules, integration with 3D bioprinting or in situ
printing, and potential incorporation of cell-based
regenerative strategies [2-4].

5. Conclusion

Injectable absorbable synthetic bone grafts offer a
compelling alternative to traditional grafting strategies,
especially for complex and minimally invasive bone
repair. However, their clinical success depends on
resolving the trade-offs among injectability, mechanical
strength, degradation behavior, and biological
performance. While these systems have not yet fully
replaced conventional grafts, continued progress in
material design, preclinical validation, and long-term
clinical studies may enable their broader translation into
routine surgical practice [2--5].
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