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Abstract

Nanorobots are poised to transform biomedical applications, offering unparalleled precision in diagnostics and therapy. This
body of research highlights diverse advancements, including biohybrid systems for targeted drug delivery and minimally invasive
surgeries, and nanorobots with on-demand cargo release capabilities. Engineering solutions address challenges in locomotion and
environmental responsiveness, with specialized types like magnetically actuated, DNA, and cellular nanorobots emerging. These
innovations emphasize the shift towards personalized medicine, enabling highly accurate interventions, minimizing collateral damage,
and paving the way for integrating these miniature devices into clinical practice.
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Introduction

This article offers a great overview of biohybrid nanorobots, which
are essentially tiny machines made by combining living cells with
artificial components. What’s really impactful is their potential
for in-body tasks, such as delivering drugs precisely to a target or
performing surgeries that are minimally invasive. It underscores
how these miniature devices can move through complex biologi-
cal systems, opening doors for exceptionally precise medical in-
terventions. Imagine them detecting specific disease indicators or
even propelling themselves through tissues; that’s the kind of future
we’re talking about [1].

Here’s the thing: this research really pushes the envelope by

showing how nanorobots can release therapeutic cargo exactly
when needed. The key insight is their ability to respond to spe-
cific triggers, ensuring medication goes only where it’s required,
reducing side effects and maximizing treatment effectiveness. This
breakthrough is crucial for developing precision therapies that adapt
to the body’s internal environment, promising a significant shift in
how we approach targeted drug delivery [2].

This paper gives a solid look into the broader field of micro and
nanorobots and their uses in medicine. What it really emphasizes
is the engineering challenges and the clever solutions researchers
are developing to make these tiny robots practical for diagnostics
and therapy. It covers everything from how they move to how they
deliver drugs, painting a clear picture of their potential impact on
future healthcare, especially for complex diseases [3].

Let’s break it down: this review explores how engineered bac-
teria are being used as a type of biohybrid nanorobot for therapeutic
delivery. The core idea is to program these microorganisms to tar-
get specific sites, like tumors, and release medicines, making treat-
ments much more precise and effective. It’s a fascinating look at
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how natural biological systems can be harnessed and directed to pro-
vide personalized medical solutions, particularly in oncology and
infectious diseases [4].

What this really means is that nanorobots are poised to revo-
lutionize targeted drug delivery and personalized medicine. This
article highlights the latest advancements, from their design and
propulsion mechanisms to their ability to navigate biological envi-
ronments. It paints a clear picture of how these tiny devices can de-
liver drugs with incredible accuracy, minimizing damage to healthy
tissues and tailoring treatments to individual patient needs, which is
the essence of precision medicine [5].

This research dives deep into magnetically actuated mi-
cro/nanorobots, which are essentially tiny medical devices guided
by external magnetic fields. The paper covers everything from how
these robots are built to their various medical applications, like tar-
geted interventions and non-invasive diagnostics. It’s important be-
cause magnetic control offers a promising way to precisely maneu-
ver these robots within the body, making them incredibly useful for
reaching difficult-to-access areas and delivering therapies with high
accuracy [6].

This article highlights responsive microrobots and nanorobots,
which are intelligent tiny devices designed to react to their environ-
ment for specific biomedical tasks. The core insight is their abil-
ity to change behavior or release therapies in response to stimuli
like pH, temperature, or light, enabling highly adaptive treatments.
This capacity for intelligent response is vital for developing next-
generation precision medicine tools that can operate autonomously
in complex biological settings [7].

This critical review looks at medical microrobots, moving from
basic research toward actual clinical use. It’s important because
it addresses the hurdles in translating these tiny technologies from
labs into hospitals. The paper discusses current capabilities, like
targeted delivery and sensing, and outlines the pathway and chal-
lenges for these robots to become standard tools in future precision
medicine, emphasizing practical applications over theoretical pos-
sibilities [8].

Here, the focus is on DNA nanorobots and their role in preci-
sion medicine. The big takeaway is how these robots, built from
DNA, can be exquisitely programmed to perform complex tasks,
like highly specific drug delivery or diagnostic sensing at the molec-
ular level. This level of programmability means treatments can be
tailored with unprecedented accuracy, directly addressing individ-
ual disease profiles and minimizing off-target effects, a true corner-
stone of personalized therapy [9].

This paper introduces cellular nanorobots as a new approach to
cancer therapy. What’s compelling is the use of living cells as the
basis for these nanobots, leveraging their natural targeting abilities
and biocompatibility to deliver treatments. It highlights how these
bio-integrated systems can precisely locate and attack cancer cells,
offering a more natural and potentially less toxic alternative to tra-
ditional methods, which is a significant step towards truly person-
alized cancer care [10].

Description

The realm of medical nanorobots is experiencing rapid innovation,
promising a significant paradigm shift in healthcare. Biohybrid
nanorobots, which are intricate machines created by merging living
cells with artificial components, demonstrate remarkable potential.
These devices are envisioned for critical in-body tasks, such as de-
livering drugs precisely to a target and executing minimally invasive
surgeries [1]. They exhibit the unique ability to navigate through
complex biological systems, paving the way for incredibly precise
medical interventions. We are talking about a future where these
miniature devices could detect specific disease indicators or even
propel themselves through tissues autonomously.

A key advancement in this field involves nanorobots designed
This re-
search highlights their crucial ability to respond to specific trig-

with on-demand therapeutic cargo release capabilities.

gers, ensuring medication is delivered only where required, thus
minimizing side effects and maximizing treatment efficacy [2].
This breakthrough is pivotal for developing precision therapies that
can adapt intelligently to the body’s dynamic internal environment,
marking a profound change in targeted drug delivery strategies.
Furthermore, the broader landscape of micro and nanorobots for
biomedical applications consistently addresses significant engineer-
ing challenges. Researchers are developing clever solutions for as-
pects like propulsion, navigation, and drug delivery mechanisms,
aiming to make these tiny robots practical for widespread diagnos-
tic and therapeutic uses [3].

Varied approaches to nanorobot design are emerging. For ex-
ample, engineered bacteria are being utilized as a form of biohy-
brid nanorobot, specifically programmed to target particular sites
like tumors. This allows for the precise release of medicines, of-
fering highly effective and personalized medical solutions, partic-
ularly relevant in oncology and infectious diseases [4]. This truly
harnesses natural biological systems for directed therapeutic pur-
poses. What this really means is that nanorobots are poised to revo-
lutionize personalized medicine by delivering drugs with incredible
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accuracy, minimizing damage to healthy tissues, and tailoring treat-
ments to individual patient needs, which lies at the core of precision
medicine [5].

Control mechanisms are also evolving, with magnetically ac-
tuated micro/nanorobots representing a significant area of focus.
These tiny medical devices are guided by external magnetic fields,
enabling precise maneuvering within the body. This magnetic
control is crucial for reaching difficult-to-access areas and deliv-
ering therapies with high accuracy, offering a promising avenue
for targeted interventions and non-invasive diagnostics [6]. An-
other crucial development focuses on responsive microrobots and
nanorobots, which are intelligent devices designed to react dynam-
ically to their environment. Their capacity to alter behavior or re-
lease therapies in response to stimuli like pH, temperature, or light
allows for highly adaptive treatments and autonomous operation in
complex biological settings [7].

The progression of medical microrobots from basic research to-
wards actual clinical application is a critical area of review. This
process addresses the significant hurdles in translating these tiny
technologies from laboratory settings into hospital environments.
The current capabilities, including targeted delivery and sensing,
are being outlined alongside the pathway and challenges for these
robots to become standard tools in future precision medicine, em-
phasizing practical applications over theoretical possibilities [8].
Moreover, DNA nanorobots stand out for their exceptional pro-
grammability. Built from DNA, these robots can be exquisitely
programmed to perform complex tasks, such as highly specific drug
delivery or diagnostic sensing at the molecular level, forming a true
cornerstone of personalized therapy [9]. Lastly, cellular nanorobots
are introduced as an innovative strategy for cancer therapy. These
systems leverage living cells for their natural targeting abilities and
biocompatibility, allowing them to precisely locate and attack can-
cer cells, representing a significant step towards truly personalized
cancer care [10].

Conclusion

The emerging field of nanorobotics presents transformative poten-
tial for biomedical applications, particularly in precision medicine.
Biohybrid nanorobots, combining living cells with artificial com-
ponents, are engineered for precise drug delivery and minimally in-
vasive surgeries, navigating complex biological systems. A crucial
aspect involves nanorobots that can release therapeutic cargo on de-
mand, responding to specific internal triggers to enhance treatment
efficacy and reduce side effects. Significant efforts are address-

ing the engineering challenges of these micro and nanorobots, de-
veloping clever solutions for their locomotion, drug delivery, and
navigation within the body. Diverse types of nanorobots are being
explored, including engineered bacteria designed to target specific
disease sites like tumors, magnetically actuated systems for precise
external control, and responsive microrobots capable of adapting
to environmental stimuli. Furthermore, DNA nanorobots offer un-
precedented programmability for molecular-level diagnostics and
highly specific therapies, while cellular nanorobots utilize living
cells’ natural abilities for targeted treatments, particularly in can-
cer therapy. This collective research underscores the shift towards
highly accurate, personalized medical interventions, aiming to in-
tegrate these advanced miniature devices from laboratory research
into clinical practice.
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