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Abstract
This is a pilot study to assess the utility of applying 5G-assisted remote guidance in laparoscopic simulation training. A single 
trainee of a junior surgeon was recruited to complete three steps of tasks including basic task 1, basic task 2, and model task, 
and the performance was recorded and evaluated. The operator completed each task three times. Except for basic task 1, 
all tasks were remotely guided by a more experienced surgeon using 5G technology. Tasks completion time and a 30-point 
objective structured assessment of technical skills (OSATS) score were utilized to assess the results of simulation training. 
All remote guidance processes were successfully completed without significant network latency. Through basic task 1, the 
operator quickly became familiar with the trained laparoscopic instruments. For basic task 2, OSATS scores increased from 
16 to 24 points, and completion time decreased from 1500 to 986 s after training under 5G-assisted remote guidance. For 
model tasks, OSATS scores increased from 15 to 26 points, and completion time decreased from 1734 to 1142 s. This is a 
novel mode of laparoscopic simulation training to increase the convenience of training. Perhaps in the near future, surgeons 
can simulate difficult operations at home or in the office, and accurately grasp the possible situations that may occur in actual 
operations in advance.
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Introduction

The shortage of health care providers, especially surgeons, is 
one of the major challenges to achieving the goal of univer-
sal health coverage by 2030 [1, 2]. The training of surgeons 
is very important, especially to help them master some core 
skills, among which reconstruction of digestive tract is a 

key technique in many laparoscopic operations. Improper 
operation or poor quality of reconstruction often leads to 
disastrous consequences. Therefore, it is necessary for nov-
ice surgeons to receive strict and standardized laparoscopic 
training before actual operation. At present, the world has 
been in a normal state of fighting against COVID-19 for a 
long time, which brings great challenges to the traditional 
surgical simulation training requiring personnel gathering.

The fifth generation wireless network (5G) is being grad-
ually deployed globally. Its amazing performance such as 
high speed, low latency, and high broadband brings unprec-
edented communication experience and provides a reliable 
network medium for the development of telemedicine [3]. 
Telesurgery, remote diagnosis and remote consultation based 
on 5G have been gradually tried and achieved encourag-
ing results [4–6]. Scholars have successfully conducted 12 
spinal surgeries using the 5G network offering faster inter-
net connectivity than 4G, with a mean network latency of 
28 ms, and no adverse intraoperative events [7]. Other schol-
ars have successfully performed 29 cases of robot-assisted 
laparoscopic radical nephrectomy, with a median round-trip 
delay of 26 ms and a median distance between the primary 
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hospital and the surgeon of 187 km [8]. Telesurgery seems 
to be accurate and feasible.

3D printing technology can present models that are 
highly similar to real organs in appearance and texture, and 
is gradually applied in preoperative planning, intraopera-
tive guidance and teaching training [9, 10]. Previous studies 
have demonstrated that 3D printed dry lab models can help 
improve surgical skills, support the future surgical applica-
tions, and reduce procedure time after simulation training 
[11]. At present, the exploration of remote guidance in lapa-
roscopic simulation training based on 3D printed dry lab 
models has not been reported. The integration of 5G technol-
ogy and 3D printing technology seems to provide more con-
venient and real-time simulation training opportunities for 
trainees. This pilot study aims to introduce the experience 
of 5G technology combined with 3D printing technology 
in remote guidance of laparoscopic choledochojejunostomy 
training, and discuss its advantages and limitations, as well 
as its possible role in laparoscopic training.

Methods

The 3D dry lab models have been described in detail in our 
previous report [12].The models, made by Ningbo Chuang-
dao 3D Medical Technology (Cixi, China), show off very 
subtle designs. The 3D models of liver and extrahepatic bil-
iary tract are printed based on data obtained from computed 
tomography (CT) scan of a patient with cancerous lesions. 
Commercially jejunum models were also purchased for dry 
lab training with choledochojejunostomy. A junior surgeon 
(chief or associate surgeon) with experience of around 50 
cases of laparoscopic cholecystectomy was selected as 
the surgeon for training, but without experience in laparo-
scopic choledochojejunostomy. A surgeon experienced in 
minimally invasive hepatobiliary surgery was recruited as a 
remote instructor, and another experienced senior surgeon 
was invited as an independent referee. The training consists 
of three rounds of tasks, including basic task 1, basic task 
2, and model task (Fig. 1). Performance was recorded and 
assessed by a modified objective structured assessment 
of technical skills (OSATS) [13, 14] score. The modified 
OSATS contains six aspects, with a maximum score of 30 
points (Table S1). For basic task 1, which used laparoscopic 
instruments to clamp 14 beads on staggered piles, the opera-
tor completed three times alone. Then, the operator com-
pleted basic task 2 three times under 5G-assisted remote 
guidance, which was to suture the pre-cut latex gloves using 
laparoscopic instruments (continuous suture in the posterior 
layer and intermittent suture in the anterior layer). Similarly, 
the model task was to practice choledochojejunostomy under 
laparoscopy using the 3D printed dry lab model, which was 
completed three times under 5G-assisted remote guidance. 

During the training, the operator and the instructor com-
municated in real-time through the platform established by 
the applications of Ding Talk version 5.1.15 and Tencent 
meeting version 1.5.0 using 5G connection. Both the opera-
tor and the instructor can see the same training images. The 
instructor drew on the laptop screen using ScreenBrush 
version 1.6.6, and the operator could see it on the screen 
(Fig. 1). The network settings are shown in Fig. 1. The 
operator and the instructor were at their respective homes, 
at a distance of 22 km. Both had 5G mobile phones to pro-
vide 5G network signals, and laptops to transmit images and 
sound. The training images were captured by the camera of 
the laparoscopic simulator and displayed on the operator’s 
computer via YouCam version 5.0. The operator communi-
cated with the instructor, who received sound and images 
from the operator’s computer via DingTalk. The instructor 
could draw instructions on the computer screen through the 
ScreenBrush, and share the screen image to the operator’s 
5G mobile phone through the Tencent meeting using 5G.

Results

The results of all tasks were presented in Table 1. The opera-
tor skillfully accomplished basic task 1 (Table 1). All remote 
guidance processes were successfully completed without 
significant network latency. For basic task 2, after three 
5G-assisted remote guidance training sessions, comple-
tion time was shortened by 514 s, and OSATS scores were 
increased by 8 points. For model tasks, completion time and 
OSATS scores of the first training were 1734s and 15 points, 
respectively. However, after three training sessions, comple-
tion time reduced to 1142 s and the OSATS scores increased 
to 26 points.

Discussion

The growth of laparoscopic surgeons often requires a steep 
learning curve. Face-to-face teaching and training courses 
are undoubtedly an excellent educational tool for laparo-
scopic surgery [15]. However, the development of this lap-
aroscopic curriculum model is limited by cost, time, and 
geographical location. Especially in the current epidemic 
of the COVID-19, the gathering of personnel is not condu-
cive to the control of the epidemic. However, the training 
of young surgeons is crucial to the sustainable development 
of medicine, and it is an inevitable way to achieve universal 
health care [1, 2, 16]. Therefore, there is an urgent need to 
develop a new training and continuing medical education 
model to train novice surgeons. In the absence of medical 
resources, the innovation of new technologies needs to fol-
low the two principles of frugality and responsibility [1, 17, 
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18]. Understanding the specific needs of training and clinical 
practice, and establishing a good cost-effectiveness training 
model are essential for wider dissemination and adoption.

The 5G technology has made a great breakthrough in 
the application of telesurgery and remote ultrasound, and is 
bringing great changes to the medical industry [7, 8, 19–21]. 
Telesurgery requires high-quality networks due to legal, eth-
ics, and security restrictions, and private networks are often 
used [22, 23]. Although the requirements of network quality 
of remote guided simulation training are not as high as those 

of remote surgery, the insufficient network speed and obvi-
ous delay will greatly reduce the experience of participants, 
thus reducing the quality of training, which is not conducive 
to promotion. In this study, the 5G public network was used, 
and participants did not feel significant delay.

Using 3D printed surgical models for laparoscopic 
surgery training can accurately restore the surgical steps, 
operating space, and organ texture. The combination of 5G 
technology and 3D printing technology integrates the accu-
racy and timeliness of surgery and training, and realizes the 

Fig. 1  Network settings and the training tasks. A Network and equip-
ment for 5G-assisted remote guidance procedures. B The basic task 1 
was to clamp 14 beads on staggered piles using laparoscopic instru-
ments. C The basic task 2 was to suture the pre-cut latex gloves using 

laparoscopic instruments. D The model task was to practice chole-
dochjejunostomy using the 3D printed dry lab models using laparo-
scopic instruments
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perfect integration of precise surgery and real-time surgery 
[24]. This study innovatively combines 5G technology with 
3D printing technology, and tries to apply it to laparoscopic 
simulation training. The operator can receive real-time 
guidance from the remote instructor, such as pin position 
and knot direction, and quickly become familiar with the 
operation skills of choledochojejunostomy. To the best of 
our knowledge, this is the first attempt to employ this mode 
for laparoscopic simulation training.

Additionally, the difference between 5 and 4G is obvious 
in latency, 1 ms in 5G and 70 ms in 4G; For data transmis-
sion speed, it is 10 megabit/s in 4G and almost 100 times 
more in 5G. Therefore we can never get the same results 
with 4G and 5G. It is precisely because of a long latency 
that tele-mentoring was hampered with 4G. With ultralow 
latency and high speed, 5G can run an eMBB (enhance 
mobile broadband) which in turn runs artificial intelligence, 
virtual reality, big data, cloud computing, and telerobotics. 
This is what makes tele-mentoring a reality with 5G.

This study was only a preliminary exploration of the 
new model of laparoscopic training, and there were several 
limitations. First of all, only one operator participated in 
the training without establishing a control group to compare 
with trainees who did with regular or 4G-assisted remote 
guidance. It is sure that through 5G network, training will 
be more convenient and fast, and real-time contact will 
be established. Second, the 5G network is public, which 
increases the convenience of research, but it also lacks a 
unique network for this study. Third, the ideal test to verify 
the proficiency of surgeons should be the clinical results 
[25, 26] instead of simulation models. Another study [26] 
by our team has shown that the three-dimensional models 
could mimic a real surgical situation and can distinguish 
among surgeons of different levels of experiences. However, 
the effectiveness of this groundbreaking laparoscopic train-
ing model is lack of clinical results to verify in the current 
study. Fourth, at present, 5G technology is still in its infancy 
and has not yet achieved full coverage worldwide, especially 

in underdeveloped regions. Fifth, realistic training models 
need to be further developed, and current 3D printed mod-
els are expensive. Overcoming these challenges requires the 
joint development of multiple disciplines, such as materials 
science and medicine. Finally, the platform we used was 
built by combining with existing applications, which was 
cumbersome to operate. Special applications need further 
development.

Although this is the first time to try a new model of lapa-
roscopic simulation training, the prospect is obvious. Sur-
geons in primary hospitals, junior surgeons, and a larger 
number of potential trainees may get more convenient, real-
time, and accurate simulation training opportunities through 
this training mode, which may promote the progress and 
development of medicine.

In the near future, 5G technology, 3D printing technol-
ogy, virtual reality technology and augmented reality tech-
nology can be combined. Perhaps, surgeons can simulate 
difficult operations at home or in the office, and accurately 
grasp the possible situations that may occur in actual opera-
tions in advance.
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