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Engineered  particles  play  a  central  role  in  contemporary
drug delivery and tissue engineering, enabling targeted ther-
apies, controlled release, and advanced regenerative strate-
gies. Micro- and nanoscale particulate systems—often based
on synthetic and semi-synthetic materials—have significant-
ly  improved  therapeutic  efficacy  and  patient  outcomes
across a  wide range of  clinical  applications.  Among these,
biocompatible hydrogels have emerged as versatile matrices
capable of  fostering stem cell  viability,  guiding differentia-
tion and serving as injectable scaffolds for minimally inva-
sive therapies(1,3).  Despite these advances, current research
largely emphasizes material design and therapeutic efficacy,
while  the  implications  of  long-term  systemic  exposure,
biodistribution,  and population-level  health  effects  of  engi-
neered particulate systems remain insufficiently integrated.
This contribution addresses this gap by adopting a cross-s-
cale perspective that links material design and clinical func-
tionality  with  emerging  public  health  and  risk  assessment
considerations. As the use of such particles continues to ex-
pand, important questions arise that extend beyond individu-
al treatments and into the domain of public health. Once ad-
ministered, these materials may persist, accumulate or inter-
act with biological systems in ways that are not yet fully un-

derstood,  particularly  with  respect  to  their  long-term fate
and  systemic  interactions.  Moreover,  their  intentional  de-
sign for stability, functionality and bioactivity challenges tra-
ditional distinctions between therapeutic agents and environ-
mental  or  occupational  exposures.  This  contribution  pro-
vides an overview of  the main classes of  particles used in
drug delivery and tissue engineering, focusing on their de-
sign  principles,  clinical  advantages  and  safety  considera-
tions. Special attention is given to emerging evidence on sys-
temic  exposure,  life-cycle  aspects  and  the  need  for  har-
monized risk benefit assessment frameworks.
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