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Abstract: 
The clinical management of maxillofacial fractures is limited by metallic fixation’s infection, exposure, corrosion and removal 
morbidity. Therefore, it is of interest to evaluate the bone adhesive innovations up to 2025 that aim to complement or replace 
traditional osteosynthesis. Next-generation adhesives advanced cyanoacrylates, tailored PMMA, engineered hydrogels and 
nanoparticle-reinforced composites show markedly improved strength, osseointegration and controlled biodegradation. Integration 
of nanotechnology, osteoinductive factors and stimuli-responsive systems converts adhesives into active regenerative platforms. 
Thus, data shows the importance of outline translational challenges and pathways for safe, minimally invasive, patient-specific 
adhesive fixation in maxillofacial trauma. 
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Background: 
Rigid internal fixation using metallic plates and screws has been 
the cornerstone of oral and maxillofacial fracture management 
due to its proven mechanical stability and reliability [1–3]. 
Despite its effectiveness, this approach is associated with several 
drawbacks, including infection, foreign body reactions, 
corrosion and the frequent requirement for secondary 
procedures to remove hardware [4–6]. These limitations have 
encouraged the search for alternative fixation strategies that are 
not only biocompatible but also support natural bone healing 
processes [7, 8]. Bone adhesives have gained increasing attention 
as a potential alternative, offering the ability to stabilize 
fractured segments while simultaneously promoting biological 
repair [9, 10]. An ideal bone adhesive should exhibit adequate 
mechanical strength during the initial healing phase, undergo 
controlled biodegradation without producing toxic byproducts 
and actively support osteogenesis [11, 12]. Furthermore, it 
should function as a temporary scaffold that facilitates cellular 
migration, vascularization and extracellular matrix formation 
[13]. Recent progress in biomaterials research has led to the 
development of advanced adhesive systems inspired by natural 
mechanisms, particularly mussel-derived adhesion chemistry 
[14–16]. Therefore, it is of interest to summarize the recent 
developments and assess their clinical relevance in oral and 
maxillofacial fracture management. 
 
Evolution of bone adhesives: 
Early applications of bone adhesives in craniofacial surgery 
primarily involved biologically derived materials such as fibrin 
and collagen [17, 18]. Although these materials demonstrated 

excellent biocompatibility and hemostatic properties, their 
limited mechanical strength restricted their use to non-load-
bearing regions, including the orbital floor and nasal bones [19]. 

Subsequently, synthetic materials such as 
polymethylmethacrylate (PMMA) were introduced to improve 
structural support and stability [20]. However, their clinical 
utility was limited by disadvantages such as exothermic 
polymerization, poor biological integration and lack of 
biodegradability [21, 22]. In recent years, significant 
advancements have been achieved with the development of 
modern adhesive systems, including cyanoacrylate-based 
formulations and bioresorbable polymers [23–25]. These 
materials offer improved bonding strength, better handling 
characteristics and greater clinical applicability. 
 
Types of bone adhesives and mechanical properties: 
Bone adhesives are currently categorized into biological, 
synthetic and hybrid systems based on their composition and 
functional characteristics [26]. Biological adhesives, such as 
fibrin glues, are widely used due to their safety and 
compatibility but are limited by relatively low mechanical 
strength [27]. In contrast, synthetic adhesives, including 
cyanoacrylates and PMMA-based systems, provide superior 
bonding strength but may raise concerns regarding cytotoxicity 
and long-term tissue compatibility [28, 29]. Recent developments 
have focused on hydrogel-based adhesives and nanocomposite 
materials that integrate mechanical robustness with biological 
functionality [30–32]. These advanced systems exhibit enhanced 
adhesion strength while maintaining flexibility and 
compatibility with surrounding tissues. Importantly, many of 
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these materials are engineered to degrade gradually, thereby 
allowing physiological bone remodeling [33]. 

 
Nanotechnology and smart biomaterials: 
The incorporation of nanotechnology has further improved the 
performance of bone adhesives [34]. Nanoparticle-enhanced 
systems, particularly those incorporating hydroxyapatite and 
bioactive glass, closely mimic the natural structure of bone and 
enhance both mechanical strength and mineralization capacity 
[35, 36]. Additionally, the incorporation of bioactive molecules 
such as vascular endothelial growth factor (VEGF) and bone 
morphogenetic proteins (BMP) has enabled these adhesives to 
promote both angiogenesis and osteogenesis [37, 38]. Smart 
biomaterials capable of responding to environmental stimuli, 
including pH and temperature variations have also been 
developed to dynamically adapt to the healing 
microenvironment [39]. Collectively, these innovations have 
resulted in multifunctional adhesive systems that not only 
provide mechanical stabilization but also actively contribute to 
tissue regeneration [40]. 

 
Clinical applications in oral and maxillofacial surgery: 
Bone adhesives have shown promising utility in several clinical 
scenarios within oral and maxillofacial surgery [9, 23]. They are 
particularly advantageous in the fixation of small bone 
fragments, stabilization of bone grafts and treatment of non-
load-bearing fractures [17, 27]. Moreover, they can be used as 
adjuncts to conventional fixation methods, enhancing overall 
stability while minimizing the extent of hardware placement. 
Similarly, Bhandari et al. reported that bone adhesives are 
currently most suitable as adjunctive fixation materials for 
craniofacial reconstruction, orbital fractures and stabilization of 
small bone fragments, whereas evidence supporting their use in 
high-load mandibular fractures remains insufficient [41]. 

Emerging evidence also suggests their potential role in 
minimally invasive surgical approaches, where they may reduce 
operative time and postoperative complications [30, 34]. Their 
ability to conform to complex anatomical contours further 
supports their application in craniofacial reconstruction [32]. 

 
Future Perspectives: 
Future research in bone adhesive technology is directed toward 
the development of multifunctional and bioactive systems 
capable of providing both mechanical support and biological 
regeneration [36]. Advances in 3D printing and biofabrication 
are expected to enable the production of patient-specific 
constructs integrated with adhesive systems [32]. Moreover, the 
incorporation of biosensors and controlled drug delivery 
mechanisms within adhesive matrices may allow real-time 
monitoring of healing and targeted therapeutic interventions [39, 

40]. These innovations hold significant potential to transform 
craniofacial trauma management and redefine surgical 
strategies. 
 
Limitations and challenges: 

Despite considerable advancements, several limitations continue 
to hinder the widespread clinical adoption of bone adhesives. 
Achieving sufficient mechanical strength for load-bearing 
applications remains a major challenge. Additionally, concerns 
related to cytotoxicity, degradation products and long-term 
stability must be carefully addressed. The lack of standardized 
clinical protocols and insufficient long-term clinical evidence 
further limit their routine use. Furthermore, the high cost and 
technical complexity associated with advanced biomaterials may 
restrict their accessibility in clinical practice. 
 
Conclusion: 
We show that bone adhesive technology promises a paradigm 
shift in maxillofacial fracture care by combining mechanical 
fixation with biological integration. Ongoing advances in 
polymers, nanotechnology and regenerative cues position 
adhesives as viable adjuncts or alternatives to metallic fixation. 
Thus, targeted interdisciplinary collaboration and rigorous 
clinical validation will be essential to translate adhesive-based, 
minimally invasive fixation into routine practice. 
 
Advancement to knowledge: 
This review consolidates recent advancements in bioresorbable 
bone adhesives and highlights their transition from supportive 
materials to potential primary fixation systems in oral and 
maxillofacial surgery. It provides a critical comparison between 
conventional fixation methods and emerging adhesive 
technologies, emphasizing improvements in mechanical 
strength, osteoinductive properties and controlled 
biodegradation. The integration of nanotechnology, bioinspired 
adhesive strategies and smart biomaterials with self-healing and 
stimuli-responsive capabilities further enhances tissue 
integration and regenerative outcomes. Additionally, the 
incorporation of nanoparticle-based delivery systems and 
growth factors supports simultaneous stabilization and healing. 
The convergence of these innovations with 3D bioprinting and 
patient-specific scaffold design represents a significant step 
toward the clinical translation of next-generation biomaterials in 
craniofacial trauma care. 
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