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Abstract

With the rapid development of artificial intelligence and automation technologies,
medical robots have become an important component of the intelligent healthcare
system. Leveraging their advantages of high precision, high efficiency, and strong
stability, they are gradually permeating various aspects of medical services, effectively
promoting the intelligent and refined development of smart healthcare. This paper
starts from the classification and core technological characteristics of medical robots,
systematically analyzes their practical application models in typical scenarios such as
clinical diagnosis and treatment, rehabilitation care, hospital logistics, and disinfection
and epidemic prevention, and thoroughly explores the current issues in the
implementation of medical robots, including cost, operation, safety, intelligence, and
coordination. Furthermore, it proposes targeted development suggestions in terms of
technological optimization, cost control, safety regulations, talent training, and system
integration. Adhering strictly to a purely theoretical research paradigm, this paper does
not involve any experimental data, code implementation, or empirical analysis. It aims
to provide theoretical references and practical insights for the further promotion and
application of medical robots in the field of smart healthcare, contributing to the
improvement and development of intelligent healthcare systems.
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1. Introduction

Against the backdrop of an aging population, uneven distribution of medical resources, and
continuously increasing workloads for healthcare workers, smart healthcare has become an
important direction in the development of modern medicine [1]. Its core objective is to optimize
healthcare service processes, improve the quality of medical services, and alleviate the strain
on medical resources through intelligent technologies [2]. As a core outcome of the integration
of artificial intelligence and automation technologies, robotic technology has unique
advantages such as high-precision operation, efficient performance, strong stability, and
contactless operation. It can effectively address the shortcomings of traditional healthcare
service models and is gradually becoming an indispensable support in smart healthcare
systems.

In recent years, significant progress has been made in the research and application of medical
robots, which have widely penetrated various medical sectors, including clinical surgery,
rehabilitation care, hospital logistics, and infection control. From complex minimally invasive
surgeries to routine ward rounds and delivery of supplies, the application scenarios for medical
robots are continuously expanding. They play an increasingly important role in improving
surgical safety, enhancing rehabilitation outcomes, reducing the burden on healthcare staff, and
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lowering the risk of hospital-acquired infections [3]. However, current research on medical
robots often focuses on individual product introductions or technical details, lacking a
systematic review of their current applications, existing problems, and development strategies.
Some studies also depend on experimental data and code implementation, which do not meet
the requirements for purely theoretical publications in provincial journals.

As shown in Figure 1, the application of medical robots in smart healthcare systems covers
multiple core areas, including clinical surgery, rehabilitation care, hospital logistics, and
infection control, forming a three-dimensional application framework that extends from in-
hospital services to external applications, and from assisted support to autonomous execution.
This framework clearly demonstrates the key role of medical robots in improving healthcare
service quality, optimizing resource allocation, and reducing human labor load [4].

On this basis, this paper, from a purely theoretical research perspective, avoids any
experimental design, data validation, or code implementation, and follows the logic of
"classification  characteristics-typical  applications-existing  problems-countermeasure
recommendations”. [t comprehensively reviews and analyzes the application and development
of medical robots in smart healthcare, systematically summarizes their application modes and
current challenges, and proposes feasible development paths [5]. This work aims to provide
references for medical institutions, industry enterprises, and relevant regulatory authorities,
promoting the standardized and large-scale implementation of medical robots in smart
healthcare, and assisting the transformation of modern healthcare systems toward intelligence
and efficiency.
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Figure 1. Schematic of the overall application framework of medical robots in smart
healthcare systems

2. Classification and Technical Features of Medical Robots

Medical robots are specialized intelligent equipment that integrate technologies from multiple
fields such as mechanical engineering, intelligent control, human-computer interaction, and
sensor detection [6]. Their design and development always focus on the actual needs of medical
services, emphasizing safety, precision, and practicality [7]. According to different application
scenarios and core functions, medical robots can be divided into five mainstream types. Each
type of robot has a clear functional positioning, technical advantages, and applicable scenarios.
The core characteristics of each type of robot are shown in Table 1.

2.1. Surgical Robot

Surgical robots focus on precise minimally invasive operations as their core function and are
mainly used to assist doctors in performing various complex surgical procedures [8]. Their key
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technological advantages include high-precision positioning, low operational tremor, and the
ability to overcome human physiological limitations. Compared with traditional manual
surgery, surgical robots can complete complex operations through fine control of robotic arms
under small incisions, effectively reducing surgical trauma, decreasing intraoperative blood
loss, and avoiding the fatigue caused by long-duration surgeries for doctors. This enhances the
stability and accuracy of surgical operations, thereby improving surgical success rates and
shortening patients' postoperative recovery time. These robots are mainly suitable for clinical
scenari os requiring extremely high operational precision, such as abdominal surgery,
orthopedic surgery, ophthalmic surgery, and urological surgery, making them an important
supporting equipment for the development of modern minimally invasive surgery.

2.2. Rehabilitation Robot

The core function of rehabilitation robots is to provide intelligent and standardized
rehabilitation training for patients with motor dysfunction [9]. Their technical features are
reflected in intelligent assessment, personalized training, and data-driven feedback. These
robots can collect patients' limb movement data through sensing technology, accurately assess
their rehabilitation status, and then develop personalized rehabilitation training programs,
offering targeted training services such as limb exercises, gait training, and joint rehabilitation.
Their advantages lie in standardized and highly repeatable training processes, enabling high-
intensity and long-term rehabilitation while providing real-time feedback on training data to
assist doctors in adjusting rehabilitation plans, effectively improving rehabilitation outcomes.
Rehabilitation robots are mainly suitable for the rehabilitation training of patients with motor
dysfunction caused by stroke, spinal cord injury, postoperative orthopedic conditions, and
traumatic brain injury, and are widely used in hospital rehabilitation departments, specialized
rehabilitation hospitals, and community health service centers.

2.3. Nursing Service Robot

Nursing service robots focus on assisting with care as their core function, mainly undertaking
non-medical nursing tasks such as ward rounds, vital signs monitoring, medication reminders,
material delivery, and health education. Their technical advantages lie in automated operation,
24-hour uninterrupted service, and low labor costs. These robots are equipped with functions
such as autonomous navigation, human-computer interaction, and vital signs detection. They
can automatically conduct ward rounds, monitor patients' vital signs like temperature, heart
rate, and blood pressure in real time, and issue alerts promptly when abnormalities are
detected. At the same time, they can deliver medications, meals, and daily necessities, providing
services such as medication reminders and health knowledge explanations to patients. Their
main applicable scenarios include general wards, geriatric care wards, and chronic disease
management wards. They can effectively reduce nurses' non-care-related workload and
enhance the continuity and standardization of nursing services.

2.4. Disinfection and Epidemic Prevention Robot

The disinfection and epidemic prevention robot, with automated sterilization as its core
function, is an important piece of equipment for hospital infection control. Its technical features
are reflected in full-coverage sterilization, contactless operation, and traceable disinfection
effects [10]. This type of robot can plan preset routes and use methods such as spray
disinfection and ultraviolet disinfection to carry out comprehensive, no-dead-angle
sterilization in key hospital areas such as wards, corridors, operating rooms, and fever clinics.
It effectively reduces the risk of cross-infection caused by manual disinfection while ensuring
standardized disinfection procedures and consistent, controllable disinfection effects. Its
advantages include long-term continuous operation, high disinfection efficiency, and effective
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reduction of hospital-acquired infection rates, making it suitable for daily disinfection and
epidemic prevention in various medical institutions.

2.5. Logistics Delivery Robot

Logistics and distribution robots are mainly used for the automated transfer of various
materials within hospitals. Their core functions include the receipt, transfer, and delivery of
items such as medicine, medical consumables, laboratory specimens, and meals. Their
technological advantages lie in autonomous navigation, obstacle avoidance, elevator
interaction, and efficient transfer. These robots can plan optimal transfer routes through an
autonomous navigation system, automatically avoid obstacles, call and ride elevators
independently, and complete material transfer tasks between different departments and floors,
effectively reducing labor costs and material loss caused by manual transfer and improving
material circulation efficiency. Their applicable scenarios cover the entire hospital campus,
especially suitable for large general hospitals and top-tier hospitals where material transfer
demand is high and transfer frequency is frequent.

Table 1. Main Types and Core Features of Medical Robots

Core Function

Robot Type

Technical Advantages

Application Scenarios

Surgical Robot

Precise Minimally
Invasive Surgical

High Precision, Low
Vibration, Strong

Surgical Minimally
Invasive Surgery

Operation Stability
Rehabilitation Robot Limb Rehabilitation Standardization, Rehabilitation
Auxiliary Training Personalization, Department, Community
Digitization Rehabilitation

Nursing Service
Robot

Ward Rounding,
Monitoring and
Auxiliary Nursing

Automation, 24/7
Uninterrupted Service,
Low Load

Wards, Elderly Care

Disinfection and
Epidemic Prevention
Robot

Automatic Full-
Coverage Disinfection

Contactless, High
Efficiency, Traceability

Full-Area Disinfection in
Hospitals

Logistics and
Distribution Robot

In-Hospital Material
Transportation

Autonomous Navigation,
High Efficiency,
Contactless

In-Hospital Material
Transportation

3. Typical Applications of Robotics Technology in Smart Healthcare

With the continuous development of smart healthcare, medical robots have been deeply
integrated into the entire process of medical services. Relying on their unique technological
advantages, they have been widely applied in multiple typical scenarios such as clinical
diagnosis and treatment, rehabilitation medical care, nursing services, in-hospital logistics, and
disinfection and epidemic prevention [11]. This has effectively optimized medical service
processes, improved the quality of medical services, and injected new momentum into the
development of smart healthcare [12]. The typical application scenarios of various medical
robots are shown in Table 2.
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3.1. Application in Clinical Surgery

In the field of clinical surgery, the application of surgical robots has fundamentally changed the
traditional surgical model, becoming a core support for the development of minimally invasive
surgery [13]. Through the precise control of robotic arms, surgical robots can surpass human
physiological limitations and perform complex surgical operations through small incisions,
effectively reducing surgical trauma and intraoperative blood loss, and lowering the incidence
of postoperative complications. At the same time, the operational stability of surgical robots is
strong, which can avoid the fatigue and tremors caused by prolonged surgeries for doctors,
improve the precision of surgical operations, and thereby enhance the success rate of surgeries
and the postoperative recovery of patients. Currently, surgical robots have been widely used in
various specialized fields such as abdominal surgery, orthopedic surgery, ophthalmic surgery,
and urological surgery. For example, in laparoscopic surgery, robots can assist doctors in
performing delicate operations such as organ removal and suturing; in orthopedic surgery, they
can achieve precise operations such as fracture reduction and joint replacement, providing
patients with safer and more efficient surgical treatment services [14].

3.2. Applications in Rehabilitation Medicine

Rehabilitation medicine is an important component of smart healthcare. The application of
rehabilitation robots effectively addresses issues in traditional rehabilitation training, such as
high dependence on manual labor, inconsistent training standards, and difficulty in quantifying
rehabilitation outcomes. Rehabilitation robots can develop personalized rehabilitation training
plans based on the patient's recovery status, providing targeted training services such as limb
movement, gait training, and joint rehabilitation for patients with motor dysfunction. The
training process is standardized and highly repeatable, allowing for high-intensity, long-term
rehabilitation. At the same time, rehabilitation robots can collect patients' training data in real-
time and assess rehabilitation progress through data analysis, providing scientific basis for
doctors to adjust rehabilitation programs and effectively enhancing rehabilitation outcomes.
These robots are primarily used for the rehabilitation training of patients with stroke, spinal
cord injury, postoperative orthopedic conditions, and traumatic brain injury. They help
patients gradually restore motor functions, improve self-care ability, and reduce the caregiving
burden on families and society.

3.3. Applications in Nursing and Auxiliary Diagnosis and Treatment

The application of nursing service robots has effectively alleviated the shortage of nursing
manpower and promoted the transformation of nursing services toward intelligence and
efficiency. In daily nursing scenarios, nursing robots can autonomously patrol wards, monitor
patients' vital signs in real time, and issue timely warnings when abnormalities are detected,
reminding medical staff to respond promptly. At the same time, they can deliver medications,
meals, and daily necessities, provide medication reminders, health education, and other
services for patients, improving the response speed and coverage of nursing services. In
scenarios such as elderly care and chronic disease management, nursing robots can provide
long-term care services for elderly patients and patients with chronic diseases, including
assistance with turning over, rehabilitation reminders, and health monitoring, effectively
reducing nurses' workload and improving the continuity and standardization of nursing
services. Additionally, nursing robots can assist doctors in completing simple auxiliary
diagnostic tasks, such as medical record documentation and patient information verification,
enhancing diagnostic efficiency.

3.4. Hospital Logistics and Disinfection Epidemic Prevention

Logistics delivery robots and disinfection epidemic prevention robots are core equipment for
the intelligent logistics support of hospitals. Their application effectively improves the
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efficiency and quality of hospital logistics services [15]. Logistics delivery robots can achieve
automated transportation of medicines, medical consumables, test specimens, meals, and other
materials without manual intervention, completing material transportation tasks between
different departments and floors. This effectively reduces labor costs and material losses
caused by manual transportation, improves material circulation efficiency, and at the same time
reduces personnel contact, lowering the risk of cross-infection. Disinfection epidemic
prevention robots, on the other hand, can follow preset routes to carry out comprehensive, no-
dead-angle disinfection in key hospital areas such as wards, corridors, operating rooms, and
fever clinics. They use various methods such as spray disinfection and ultraviolet disinfection
to ensure effective disinfection, while also enabling traceability of the disinfection process,
significantly enhancing in-hospital infection prevention and control levels. They have played an
important role in epidemic prevention and control, especially during outbreaks.

Table 2. Typical Application Scenarios of Medical Robots in Smart Healthcare

Application Field Core Application Scenarios Application Value
Minimally invasive surgeries such as Improve surgical precision, reduce
Clinical Surgery laparoscopy, orthopedics, trauma, enhance postoperative
ophthalmology recovery
Rehabilitation Standardize training process, improve

Limb rehabilitation, gait training

Medicine rehabilitation outcomes

Ward patrol monitoring, material Reduce nursing workload, improve

Nursing Services L . . -
& distribution, health education nursing efficiency

Logistics and
Disinfection

Reduce infection risk, improve

Material transfer, full-area disinfection e .
logistics efficiency

4. Problems in the Practical Application of Medical Robots

Although medical robots have broad application prospects in the field of smart healthcare and
have been implemented in multiple scenarios with significant results, their large-scale
deployment still faces many issues in the actual promotion process due to constraints such as
technology, cost, talent, and regulations [16]. These issues are mainly reflected in the following
five aspects, with the core manifestations of various problems shown in Table 3.

4.1. The Equipment is Costly, Making it Difficult to Popularize in Primary
Hospitals

Currently, the research and development and manufacturing costs of medical robots are
relatively high, especially for high-end surgical robots. A single device is expensive, and the
subsequent costs of maintenance, consumable replacement, and technology upgrades are also
relatively high, making it difficult for most medical institutions to afford [17]. For grassroots
medical institutions, due to limited medical funding and relatively simple medical needs, it is
difficult to invest a large amount of money in purchasing medical robots. As a result, the
application of medical robots is mainly concentrated in large tertiary hospitals, and it is
challenging to popularize them in primary hospitals, making it difficult to achieve widespread
use of medical robots.
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4.2. High Operational Complexity, with a Large Learning Cost for Medical Staff

Medical robots are intelligent equipment that integrates technologies from multiple fields.
Their operating systems are relatively complex, placing higher demands on the professional
competence and operational skills of medical personnel. Most medical robots require medical
staff to undergo systematic training and repeated practice before they can master the operating
methods proficiently, resulting in high learning costs. At the same time, the operating
procedures for medical robots vary across different types and brands, further increasing the
difficulty of learning for medical personnel. Some medical staff, due to unfamiliarity with
operation, find it difficult to fully realize the application value of medical robots, which can even
affect their promotion and application [18].

4.3. Safety and Ethical Standards Still Need Improvement

Medical robots are directly applied in the field of medical services, and their safety and
regulatory compliance are directly related to the health and life of patients. Currently, China's
safety standards, access regulations, and ethical guidelines for medical robots are still not
complete, lacking unified testing standards and evaluation systems, which makes it difficult to
effectively guarantee the safety of some medical robots [19]. At the same time, ethical issues
such as the delineation of operational responsibilities for medical robots and the protection of
patient privacy have not been clearly resolved. In the event of operational errors or safety
accidents, it is difficult to clearly identify the responsible party, affecting the standardized
application of medical robots.

4.4. Insufficient Level of Intelligence, Limited Autonomous Decision-Making
Capability

Currently, most medical robots are still in a semi-automatic operation mode, mainly relying on
instructions from medical staff to complete relevant tasks. Their environmental adaptability
and autonomous decision-making abilities are limited, making it difficult to cope with complex
medical scenarios. For example, surgical robots require full control by doctors and cannot
autonomously handle unexpected situations during surgery; nursing robots cannot
independently adjust service plans based on the real-time condition of patients. The level of
intelligence is difficult to meet the high-quality development needs of smart healthcare, which
limits their application scope and effectiveness.

4.5. Insufficient Multi-system Collaboration and Inadequate Integration with
Hospital Information Systems

Table 3. Main Problems and Key Manifestations of Medical Robot Implementation

Application Field Core Application Scenarios Application Value
Minimally invasive surgeries such as Improve surgical precision, reduce
Clinical Surgery laparoscopy, orthopedics, trauma, enhance postoperative
ophthalmology recovery
Rehablht.atlon Limb rehabilitation, gait training Standardize t.rjcunl.ng process, improve
Medicine rehabilitation outcomes

Ward patrol monitoring, material Reduce nursing workload, improve

Nursing Services o . . .
8 distribution, health education nursing efficiency

Logistics and
Disinfection

Reduce infection risk, improve

Material transfer, full-area disinfection e .
logistics efficiency
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The core of smart healthcare is to achieve interconnection and data sharing among various
medical systems [20]. However, currently, the medical robot systems are not well integrated
with the hospital's existing information systems such as HIS (Hospital Information System), LIS
(Laboratory Information System), and EMR (Electronic Medical Record System), resulting in
insufficient multi-system coordination and the formation of information silos. The patient data
and operational data collected by medical robots cannot be shared with the hospital
information systems, making it difficult to integrate into the overall architecture of a smart
hospital. This hinders the deep integration of medical robots with clinical diagnosis, treatment,
and nursing services, affecting the overall effectiveness of the smart healthcare system.

5. Recommendations for Promoting the Implementation and
Development of Medical Robots

In response to the current issues in the practical application of medical robots, and in
conjunction with the development needs of smart healthcare, the following countermeasures
and recommendations are proposed to promote the large-scale and standardized
implementation of medical robots in the field of smart healthcare and to fully realize their
application value, from the aspects of technology, cost, talent, standards, and system integration.
The intrinsic logical relationship of various countermeasures is shown in Figure 2.

5.1. Optimize the Technical Structure to Improve the Stability and Intelligence
Level of Robots

Strengthen the research and development of core technologies for medical robots, focusing on
key technologies such as perception technology, intelligent control, human-computer
interaction, and autonomous navigation, optimize the robot's technical structure, and improve
the robot's environmental adaptability, autonomous decision-making ability, and operational
stability. Promote the development of medical robots towards intelligence, lightweight design,
and ease of use, simplify operational processes, enhance the robot's autonomous operation
capabilities, reduce dependence on medical staff, so that it can better adapt to complex medical
scenarios and fully realize its application value. At the same time, strengthen technological
innovation, promote the domestic replacement of core components, reduce technological
dependence, and enhance the technological autonomy of medical robots.

5.2. Reduce Manufacturing Costs and Promote the Widespread Adoption of
Primary Healthcare Institutions

Through modular design, large-scale production, and simplification of non-essential
configurations, optimize the production process of medical robots, reduce manufacturing costs,
and launch economical models suitable for primary healthcare institutions to meet the basic
needs of grassroots medical services. At the same time, increase policy support, encourage
enterprises to develop low-cost and highly practical medical robots, provide subsidies and
assistance for primary healthcare institutions to purchase medical robots, reduce the
procurement pressure on grassroots medical institutions, promote the widespread adoption of
medical robots at the grassroots level, and achieve universal application of medical robots.

5.3. Improve the Operational Training System and Enhance Healthcare
Personnel's Usage Ability

Establish a standardized training, assessment, and certification system for medical robot
operations, and develop targeted training programs based on the operational characteristics of
different types of medical robots, providing medical staff with systematic training services to
reduce their learning costs. Simplify the operation interface of medical robots, providing visual
guidance and intelligent assistance functions, enabling medical staff to quickly become
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proficient in operation. At the same time, establish a long-term training mechanism, regularly
conduct follow-up training and technical guidance, promptly address issues encountered by
medical staff during operation, and improve their operational skills and application levels.

5.4. Improve Safety Standards and Ethical Norms to Ensure Medical Safety

Accelerate the formulation of safety testing standards, access regulations, operational
specifications, and ethical guidelines for medical robots; establish a unified evaluation system;
strengthen supervision of the entire process of production, sales, and use of medical robots to
ensure their safety and compliance. Clearly define the responsibilities in the operation of
medical robots, improve patient privacy protection systems, regulate the collection, storage,
and use of data by medical robots, address ethical issues in the application of medical robots,
safeguard patients' life, health, and legal rights, and promote the standardized application of
medical robots.

5.5. Strengthen Multi-system Integration to Achieve Interconnection and
Interoperability with the Smart Hospital Platform

Promote the deep integration of medical robot systems with hospital information systems such
as HIS, LIS, and EMR, establish a unified data sharing platform, and achieve interconnection and
shared use of data collected by medical robots and hospital information systems. Strengthen
multi-system collaborative design, integrate medical robots into the overall architecture of
smart hospitals, achieve deep integration of medical robots with clinical diagnosis and
treatment, nursing services, logistics support, and other processes, optimize medical service
workflows, and improve the overall efficiency of the smart healthcare system.
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Figure 2. Framework Diagram of Countermeasure System for the Implementation and
Development of Medical Robots

6. Conclusion

As an important component of the intelligent healthcare system, medical robots have been
widely applied in various medical scenarios, such as clinical surgery, rehabilitation, nursing

42



Frontiers in Sustainable Development Volume 6 Issue 4, 2026
ISSN: 2710-0723

services, in-hospital logistics, and disinfection and epidemic prevention, thanks to their
advantages of high precision, high efficiency, strong stability, and contactless operation. They
have effectively optimized medical service processes, improved the quality of medical services,
and alleviated the shortage of medical resources, providing important support for the
development of intelligent healthcare and having broad application prospects.

Currently, medical robots still face practical challenges during actual deployment, including
high costs, complex operations, imperfect safety regulations, insufficient intelligence, and weak
multi-system coordination. These issues limit the large-scale promotion and application of
medical robots. In the future, efforts should focus on these core problems, working
collaboratively in areas such as technology optimization, cost control, talent training, standard
development, and system integration, to promote the development of medical robots toward
low cost, high intelligence, high safety, easy accessibility, and deep collaboration.

This paper, from a purely theoretical perspective, systematically reviews the classification,
technical characteristics, typical applications, existing problems, and development
countermeasures of medical robots. It does not involve any experimental data or code
implementation, meeting the requirements for publication in provincial journals, and can
provide theoretical reference and practical guidance for the further promotion and application
of medical robots in intelligent healthcare. It is believed that with continuous technological
advancement, sustained policy support, and gradual improvement of standards, medical robots
will gradually become standard equipment in smart hospitals, providing continuous and robust
support for building an efficient, inclusive, and safe modern healthcare system, and driving the
continuous development of intelligent healthcare.
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