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The field of nano-biomaterials is advancing at an extraordinary pace,
driven by the urgent need for innovative solutions to complex biomedical
challenges. Nano-biomaterials have revolutionized biomedical engineering
by integrating nanoscale materials with biological systems to address
critical healthcare challenges [1—3]. These advanced constructs, ranging
from nanoparticles and nanocomposites to nano-fibrous scaffolds, offer
unprecedented control over cellular interactions, drug delivery, and tissue
regeneration [4,5]. Recent progress in synthesis techniques such as layer-
by-layer assembly and 3D bio-printing, has enhanced biocompatibility,
targeting precision, and multi-functionality [6]. In cancer therapy, nano-
biomaterials enable targeted delivery of chemotherapeutics, gene, and
exosomes, improving efficacy while minimizing off-target effects [7,8].
This special issue highlights cutting-edge innovations in nano-bio-
materials that are advancing clinical translation and personalized
medicine.

This special issue, manobiomaterials advances’, brings together five cutting-
edge review articles that collectively highlight the transformative poten-
tial of engineered nanomaterials in modulating biological interfaces,
combating antimicrobial resistance, enhancing tissue regeneration, and
enabling targeted therapeutics. These contributions reflect a growing
integration of material design with biological insight, therapeutic preci-
sion, and sustainable practice, pointing toward a future in which nanoscale
tools are central to personalized and adaptive medical interventions.

In engineering the neutrophil extracellular trap (NVET)-biomaterial interface to
treat disease, Raghavan et al., explore how biomaterials can be designed to
either suppress or replicate the functions of NETs [9]. The review un-
derscores the dual nature of NETs, protective in infection but harmful in
chronic inflammation and cancer and presents strategies for localized
delivery of NET-modulating drugs, NET-inspired anti-microbial materials,
and targeted degradation platforms. This work exemplifies the shift from
systemic to localized, context-aware interventions and highlights the po-
tential of biomaterials to precisely manipulate innate immune responses.
In another review, Pal et al., address one of the most pressing global health
threats by highlighting green-synthesized nanomaterials as sustainable,
multi-functional tools to combat drug-resistant pathogens [10]. By
leveraging plant, microbial, and waste-derived precursors, these materials
offer mechanisms such as reactive oxygen species (ROS) generation,
biofilm disruption, and quorum quenching [10]. This review bridges
materials science with environmental and clinical stewardship, aligning
with global sustainability goals while proposing scalable alternatives to
conventional anti-microbial agents.
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In the third article, Mullick and Manna et al., provide a broad perspective
on the regenerative and therapeutic applications of nano-bio-
materials [11]. They cover bone and dental regeneration, anti-bacterial
implant coatings, stimuli-responsive drug delivery, CRISPR-Cas9 nano-
carriers, and theranostic platforms. The emphasis on biocompatibility,
scalability, and clinical translation reflects the growing maturity of the
field, while also acknowledging persistent hurdles in standardization and
long-term safety that must be overcome for widespread adoption.
Mohammadi and Narayan, in Nanomaterials for Controlled Drug Delivery in
Wound Healing, adopt a barrier-centric framework to evaluate how nano-
fibers, hydrogels, and nanoparticles can address the four key pathophys-
iological barriers in chronic wounds: biofilm persistence, oxidative stress,
impaired angiogenesis, and dysregulated extracellular matrix (ECM)
remodeling [12]. The review stands out for its clinical orientation, of-
fering a roadmap toward closed-loop, Al-guided dressings that could
revolutionize wound care. It emphasizes the need for multi-functional
systems capable of simultaneous sensing, drug release, and real-time
adaptation to wound microenvironment changes.

Finally, Kumar et al., delve into an emerging class of nanomaterials with
exceptional photothermal, catalytic, and imaging capabilities [13].
MXene quantum dots are presented as versatile agents for combination
therapies, with tunable surfaces and biocompatibility profiles that make
them promising for theragnostic applications. The article also candidly
discusses toxicity concerns and synthesis challenges, underscoring the
critical balance between innovation and safety that must guide the
development of next-generation nano-therapeutics.

Together, these articles underscore several cross-cutting themes: the
move toward multifunctional, stimuli-responsive materials; the growing
emphasis on sustainability and green synthesis; and the integration of
computational tools and artificial intelligence to optimize design and
predict behavior. While significant translational barriers remain including
batch variability, long-term biocompatibility, and regulatory hurdles, the
field is poised to embrace more intelligent, adaptive, and personalized
systems. This special issue not only captures the current vibrancy of nano-
biomaterials research but also provides a critical roadmap for future in-
novations at the intersection of materials science, biology, and medicine.
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