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Abstract

Drug delivery systems are designed to meet the needs of the complexity of the bone microenviron-
ment, precise treatment, and multi-stage treatment. Traditional sustained-release systems have the
contradiction of rapid drug release at the beginning and insufficient release in the later stage, and lack
the ability to respond to the dynamic biological needs during the repair process. Stimuli-responsive
drug carriers provide new ideas for solving these problems. Among them, the ultrasound-triggered
system has attracted much attention due to its non-invasive nature, deep tissue penetration, and pre-
cise spatiotemporal control characteristics. Low-intensity pulsed ultrasound (LIPUS) can not only
promote bone healing but also has certain effects in soft tissue regeneration. However, its use alone
has limitations in treating deep-seated lesions. Polymeric drug delivery systems can achieve targeted
drug delivery and controlled release, and polymeric microparticles have many advantages in drug
delivery. The enhanced effect of ultrasound-mediated drug delivery originates from its mechanical
and thermal effects, involving various carriers such as microbubbles, nanobubbles, polymeric vesi-
cles/micelles, polymeric hydrogels, and piezoelectric polymer-based composites. Currently, the re-
search on ultrasound-responsive materials in drug/gene delivery is mostly at the in vitro and animal
experiment stages. More clinical trials are needed for verification in the future. The combination of
ultrasound-controlled release and piezoelectricity also opens up a new direction for the fine control
of local therapies with intelligent responsive materials.
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IR R 1) — R A5 5281k . Ikeda 25 A [101HIBF AR B, LIPUS FTRAEHE 535 18 i M DG HE %
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KA PEIRIF 1], B AL T & AL A 1 2R 77 DAL BURE ERE ) [35] . AHA T 38 — AR IR I oh 3¢,
REYAN e L RE BB e AR e, JE ELRB IS B 22 1A 2Bk A [36] . A W SRS A K T SR AR T2
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FFE 40 f) £ 300 B 25 2% LS T PVA (IR0E S LRSS 2 B R &), SEON i ik 2 Bh b AR i i
12 A1) HepG2 i 40 A 14 1 1 A0 254 3332 [38]
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HA R TAERE LR UMERE . A SCHRIRIE 1 A 318 75 s LR SR AR 2R3 715 141
AR, JFIER T T K ZEHUR AU L], T AR T3 % = 2 AT [50] . AR
HUBRNE 735, £ DU 5 AHERIR BN (T-BTO) AL 1A 2 rh Al 75 S i M U (ROS) £ AR [51], HAE LRI s

DOI: 10.12677/acm.2025.1561875 1475 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1561875

BANER, RN

PRBNIE L T B RN AR AR A T - AR B, TR AR gy, 2 T Kl SR A R A S A
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