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A B S T R A C T 

Aim: To assess the clinical effectiveness, safety, technical feasibility, and challenges of remote robotic 

surgery in general surgery, gynecology, orthopedics, and urology, focusing on issues like communication 

technology, ethics, and cost. 

Methods: Relevant reports on remote robotic surgery were retrieved from databases such as PubMed, 

Embase, Web of Science, Cochrane Library, VIP, CNKI, and Wanfang (2001-2025). Literature quality was 

evaluated using tools from the Joanna Briggs Institute (JBI). 

Results: A total of 24 articles were included (13 in Chinese, 11 in English) covering general surgery, 

gynecology, orthopedics, urology, and thyroid surgery. The findings showed high success rates and 

accuracy in remote robotic surgery, with controllable network latency, demonstrating its potential to expand 

medical resource access, particularly in remote areas. However, challenges such as network stability, 

equipment cost, operational precision, data privacy, and ethical concerns remain. 

Conclusion: Despite challenges, remote robotic surgery shows promise in overcoming geographical and 

resource limitations. With continuous technological advancements, it is expected to play an increasingly 

significant role in global healthcare. 

 

 

1. Introduction 

 

With the continuous advancements and widespread adoption of robotic 

surgical systems, robotic surgery technology has progressively expanded 

across multiple disciplines and medical specialties [1]. With the rapid 

advancement of medical technology, remote robotic surgery systems 

have emerged as a revolutionary breakthrough in surgical techniques and 

have become a key focus in medical research. By integrating advanced 

communication technologies, robotics, and artificial intelligence, these 

systems enable surgeons to perform operations on patients from a 

distance. They demonstrate significant application potential, particularly 

in addressing uneven distribution of medical resources and providing 

emergency medical assistance in challenging environments [2, 3]. The 

concept of remote surgery can be traced back to the 1950s when NASA 

proposed it to ensure the medical needs of astronauts in space [4]. Owing 

to the limitations of communication and automation technologies at the 

time, this vision could not be realized immediately [5]. However, with 

the rapid advancement of 5G network technology, remote surgery 

systems are encountering new opportunities. The low-latency and high-

bandwidth characteristics of 5G networks offer more stable and efficient 

technical support for remote surgical procedures [6].  

 

For instance, in remote areas or during emergency scenarios such as 

earthquakes, physicians can perform complex surgical procedures by 

remotely operating robots via 5G networks in real time, thereby 

substantially enhancing the accessibility and efficiency of medical 

services [6]. Furthermore, the widespread adoption of 5G technology has 

facilitated the implementation of multi-center collaboration and real-

time data transmission, thereby significantly enhancing the safety and 

reliability of remote surgical procedures [7]. This systematic review 

aims to assess the current status of telerobotic surgery in clinical practice, 

with a focus on its developmental trajectory and practical applications 

https://ijsopen.org/
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within the medical field. By synthesizing research advances and 

technological breakthroughs both domestically and internationally, the 

study further examines existing challenges, including high equipment 

costs, insufficient network coverage, evolving ethical oversight, and 

regulatory framework limitations [8], and propose corresponding 

solutions. 

 

2. Methods 

2.1. Literature Search Strategy 

 

We conducted a systematic review of existing literature published 

between 2001 and 2025 across multiple databases, including PubMed, 

Embase, Web of Science, Cochrane Library, VIP, CNKI, and Wanfang. 

The search strategy incorporated a combination of Medical Subject 

Headings (MeSH) and text words, integrating terms such as 

"telemedicine," "telerobotic surgery," and their synonyms to ensure 

comprehensive coverage and minimize the likelihood of omitting 

relevant studies. Boolean operators ("AND" and "OR") were employed 

to further refine the search process. 

 

2.2. Inclusion and Exclusion Criteria for Literature 

2.2.1. Inclusion Criteria 

 

i) The study population comprises human clinical cases (excluding 

cadaveric specimens). ii) Included publications were issued between 

2001 and 2025. iii) Surgical procedures were performed through direct 

remote manipulation of robotic systems by surgeons. 

 

2.2.2. Exclusion Criteria 

 

i) Articles specifically involving animal experimentation. ii) Review 

articles and news reports. iii) Publications focusing on telemedicine 

services without specific data. iv) Studies not related to remote surgery. 

v) Literature for which full text is unavailable. vi) Articles reporting 

cases converted to open or laparoscopic procedures during intervention 

were excluded. 

 

2.3. Literature Screening and Data Extraction 

 

During the screening process, an initial assessment of article relevance 

was conducted based on titles, abstracts, and keywords. Subsequently, 

cross-referencing was performed to identify additional relevant studies, 

followed by full-text reviews of articles meeting the inclusion criteria. 

Two researchers independently extracted data from the included 

literature using the Cochrane data extraction tool, capturing details such 

as authorship, publication year, sample size, surgical distance, network 

establishment, economic outcomes, and safety profiles. All stages were 

independently evaluated by both authors, with any discrepancies 

resolved through consensus discussions. 

 

2.4. Literature Quality Assessment 

 

Two researchers independently assessed the quality of the included 

studies using the Case Report Quality Appraisal Tool (or the Cross-

Sectional Study Quality Appraisal Tool, as applicable) provided by the 

Joanna Briggs Institute (JBI) Centre for Evidence-Based Health Care in 

Australia. The appraisal tool comprises eight items, each evaluated as 

"Yes," "No," or "Unclear." Any discrepancies arising during the 

evaluation process were resolved through discussion or consultation 

with a third researcher. 

 

3. Results 

3.1. Literature Search Results 

 

A preliminary search identified 19,662 potentially relevant publications. 

After removing duplicates, screening titles and abstracts, and conducting 

full-text reviews, 24 studies met the eligibility criteria for inclusion in 

the systematic review. The literature selection process and results are 

illustrated in (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Flowchart of literature screening process. 
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3.2. Baseline Characteristics of Included Studies and 

Methodological Quality Assessment 

 

Among the 24 included studies, 13 were published in Chinese and 11 in 

English, with publication dates spanning from 2001 to 2025. The 

baseline characteristics of the included studies are presented in (Table 

1). All reports indicated uneventful surgical procedures and absence of 

serious postoperative complications. The methodological quality 

assessment results, based on the JBI Critical Appraisal Tool for Case 

Reports, are summarized in (Table 2). Overall, the studies demonstrated 

satisfactory reporting in clearly documenting the surgical intervention 

process (Item 5), short-term postoperative outcomes (Item 6), and 

absence of severe complications (Item 7). However, descriptions of 

patients' baseline comorbidities (Item 2) were generally insufficient, and 

most studies lacked medium- to long-term follow-up data (depth of Item 

6). Furthermore, monitoring and reporting standards for technology-

specific adverse events inherent to telesurgery—such as communication 

interruptions and data packet loss—were inconsistent across studies. 

 

Table. 1. Baseline characteristics of the included studies. 
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Table. 2. Methodological quality assessment of included studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

4.1. Surgical Efficacy and Safety 

 

This systematic review demonstrates that, based primarily on current 

evidence from case reports, telerobotic surgery exhibits favorable short-

term safety and feasibility. For instance, the study by Kong Xiangpeng 

et al. on 5G communication technology-guided telerobotic total hip 

arthroplasty reported uneventful procedures and satisfactory short-term 

follow-up outcomes [9]; Yuan Hang et al. successfully performed three 

cases of remote nephrectomy using domestically produced robotic 

systems, with no postoperative complications reported in any instance 

[10]. Some problems also exist in certain studies. For instance, in the 5G 

remote robot-assisted total hip arthroplasty conducted by Ke Yan et al., 

the operation time of the robot group was longer than that of the 

conventional group [11]. This may be attributed to the operational 

complexity of robotic systems and the associated learning curve. The 

maintained safety and efficacy of surgical procedures indicate that 

remote robotic surgery holds broad application potential across various 

surgical types. However, further optimization of operational protocols 

and enhanced surgeon training are required to improve procedural 

efficiency [12].  

 

Nevertheless, the interpretation of these optimistic findings must be 

contextualized within the methodological limitations inherent in the 

included studies. These investigations were predominantly conducted at 

leading medical centers, involved rigorously selected patient cohorts, 

and emphasized the reporting of successful outcomes, which may lead 

to an overestimation of therapeutic efficacy and an underestimation of 

rare adverse events. Consequently, the reported 100% success rate 

should be regarded as a "proof-of-concept" performance under idealized 

conditions rather than as an indicator of real-world effectiveness in 

broader clinical practice. 

4.2. Evolution of Communication Technologies 

 

Research on telesurgery commenced at a relatively early stage, with the 

earliest documented case dating back to 2001. During that period, 

Marescaux et al. performed a remote laparoscopic cholecystectomy by 

controlling a robotic system via high-speed optical fiber cables, 

reporting an overall latency of approximately 155 milliseconds [13]. By 

2006, the "one-to-many" master-slave remote surgical robot-assisted 

tibial intramedullary nailing internal fixation surgery system 

independently developed by Beijing Jishuitan Hospital based on the 

ASDL/ISDN network platform had a successful operation. However, 

due to the bandwidth limitations of ASDL at that time, only image 

transmission could be guaranteed. Moreover, due to the lack of security, 

the operation was also attacked by viruses during the process [14]. This 

fully demonstrates that under previous communication conditions, the 

safety and reliability of remote robotic surgery could not be adequately 

guaranteed. Subsequently, with the rapid advancement of 

communication technologies, the emergence of 5G network technology 

has provided new possibilities for the further expansion of remote 

surgery. For instance, Liu Rong and colleagues preliminarily validated 

the feasibility of 5G-enabled remote surgery through animal experiments 

[15]. The official deployment of 5G networks in 2018, characterized by 

high-speed data transmission and low latency, has provided robust 

technical support for ensuring the successful execution of surgical 

procedures [16]. Against this backdrop, remote surgery has been 

progressively implemented across various specialized fields, including 

neurosurgery, orthopedics, and urology [17]. With the continuous 

advancement of communication technologies, the geographical 

limitations for surgical procedures are being progressively overcome.  

 

For instance, in January 2024, China successfully performed its first 

transcontinental robot-assisted radical resection of rectal cancer over a 
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distance of 3,000 kilometers [18], this achievement marks a significant 

milestone in the field of remote robotic surgery in China. It is noteworthy 

that the majority of studies employ 5G communication technology. For 

instance, research by Zhou Xiang et al. on ultra-remote 5G robot-assisted 

laparoscopic high ligation of the spermatic vein demonstrated that 

utilizing public 5G wireless networks resulted in shorter total operative 

duration, favorable postoperative recovery, and absence of 

complications [19]. Furthermore, several studies have integrated wired 

networks with 5G technology, as exemplified by the remote robot-

assisted hiatal hernia repair and fundoplication procedure conducted by 

Tian Wen et al. Through encryption protocols and firewall 

implementation, these approaches ensured secure data transmission, 

resulting in successful surgical completion without complications [20]. 

However, communication latency remains a non-negligible issue, as 

exemplified by Zhan Weipeng et al.'s 5G-enabled remote robot-assisted 

radical gastrectomy, which exhibited an average latency of 43ms [21], n 

their study on 5G-enabled remote robot-assisted radical colectomy, 

Zhang Wentao and colleagues reported a maximum latency of 84.2 ms, 

with latency fluctuations ranging between 20 and 100 ms [22]. Despite 

breakthroughs in 5G network technology for latency reduction, which 

have not yet substantially impacted surgical procedures, this underscores 

the persistent need for further optimization of network stability and 

security—particularly in long-distance transmissions and complex 

network environments [23]. In the future, with the deployment of next-

generation wireless communication technologies such as 6G and satellite 

communications [16, 24], this advancement holds the potential to 

significantly reduce latency while enhancing the stability and reliability 

of communications, thereby providing a more robust technical 

foundation for the widespread adoption of remote robotic surgery. 

 

4.3. Regulatory and Ethical Considerations 

 

Remote robotic surgery involves complex regulatory and ethical 

considerations, with the majority of studies having obtained approval 

from relevant ethics committees and secured informed consent from 

patients [25, 26]. The 5G remote robot-assisted total laparoscopic 

hysterectomy performed by Gu Chenglei et al. was approved by the 

Ethics Committee of the Seventh Medical Center of the PLA General 

Hospital and the Medical Ethics Committee of Pishan County People's 

Hospital, with informed consent obtained from the patient [27]. This 

ensures the legality and regulatory compliance of the surgical 

procedures, thereby safeguarding patients' rights and interests. 

Meanwhile, regulatory guidelines for remote surgery are being 

continuously refined. Research by scholars such as Yuma Ebihara 

indicates that Japan is currently developing guidelines for optimal 

communication systems in the clinical application of telerobotic surgery, 

which will establish a critical foundation for standardizing the 

advancement of remote robotic surgical practices [28]. Finally, data 

security and privacy protection represent critical considerations that 

warrant due attention [29, 30]. The surgical process involves a large 

amount of sensitive patient information. How to ensure the security of 

data during transmission and storage and prevent information leakage or 

tampering is a difficult problem that must be solved in the development 

of remote robotic surgery technology [31, 32]. Strengthening ethical 

oversight to ensure the steady advancement of remote robotic surgery 

requires further enhancing the regulatory framework, clarifying the 

responsibilities and obligations of all stakeholders, and establishing 

relevant laws and regulations. These measures are essential to prevent 

cybersecurity threats, such as hacker intrusions, from compromising 

surgical safety, thereby guaranteeing that remote robotic surgeries are 

conducted securely, effectively, and in compliance with established 

standards [33]. 

 

4.4. Benefits and Costs 

 

The implementation of remote robotic surgery entails substantial costs, 

encompassing equipment procurement expenditures, communication 

infrastructure fees, as well as ongoing expenses for line maintenance and 

system diagnostics [34]. As highlighted in the study by Tian Wen et al. 

on telerobotic-assisted hiatal hernia repair and fundoplication, the 

elevated costs associated with telecommunication infrastructure pose 

significant barriers to the widespread adoption of remote surgical 

systems in resource-limited healthcare settings [20]. However, with the 

continuous advancement of domestically produced surgical robots such 

as the Toumai robotic system, associated costs are expected to gradually 

decrease. As indicated by studies conducted by Zhou Xiang et al., 

domestically manufactured robotic systems have reduced operational 

expenses, with costs nearly one-third lower than imported robotic 

equipment. This contributes to alleviating the financial burden on 

patients and enhances the accessibility of surgical procedures [35]. 

Furthermore, remote robotic surgery demonstrates potential economic 

benefits in optimizing healthcare resource allocation, reducing treatment 

costs, and enhancing operational efficiency [6]. As noted in the 

urological surgery literature by Fenghai Zhou et al., the implementation 

of telerobotic surgery optimizes the rational distribution of medical 

resources, extends the scope of telemedicine applications, enhances 

emergency response capabilities during crises, facilitates the 

decentralization and collaborative sharing of high-quality medical 

resources, and reduces economic costs [36]. Consequently, remote 

robotic surgery demonstrates considerable long-term potential in terms 

of both economic efficiency and societal benefits. 

 

4.5. Future Outlook 

 

Future research and technological advancements in telerobotic surgery 

should prioritize the following key areas: first, enhancing network 

technologies to not only minimize latency but also improve stability and 

interference resistance, thereby ensuring seamless connectivity and real-

time communication in complex operational environments. 

Furthermore, it is imperative to explore efficient network architectures 

and transmission protocols to meet the stringent requirements for high-

speed, low-latency data transmission in remote surgical procedures [29]. 

Second, reducing the cost of surgical robotic systems constitutes a 

critical factor in promoting their widespread adoption. Through 

technological innovation, scaled production, and optimized supply 

chains, manufacturing and maintenance expenses can be minimized, 

thereby enhancing healthcare institutions' accessibility to these 

technologies and ultimately benefiting a larger patient population. Third, 

optimize the surgical robotic system to enhance its operational precision 
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[37], flexibility, and adaptability to address more complex surgical 

demands [38, 39].  

 

Concurrently, investigate collaborative models between surgeons and 

robotic systems to leverage the respective strengths of both, thereby 

improving overall surgical outcomes [40]. Finally, it is imperative to 

enhance data security and privacy protection, establish a comprehensive 

management framework, strengthen ethical oversight, and refine 

relevant laws and regulations to ensure the security of patient 

information [41, 42]. Extensive clinical trials should be carried out to 

accumulate data and experience, providing a basis for the 

standardization and normalization of remote robotic surgery. At the 

same time, the application of technologies such as satellite 

communication in remote areas should be explored to address the issue 

of insufficient network coverage and further expand the application 

scenarios of remote surgery [43]. 

 

5. Conclusion 

 

Remote robotic surgery represents an emerging surgical technique with 

substantial potential and increasing maturity. Despite challenges such as 

network stability, equipment costs, operational precision, data security, 

ethical oversight, and regulatory compliance, continuous technological 

innovation and in-depth research are expected to gradually address these 

issues. In the future, remote robotic surgery will play an increasingly 

vital role in the medical field and contribute significantly to the 

advancement of global healthcare.  
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