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of the lower limbs [1]. The intensive care unit (ICU), a 
system of organized medical treatment and nursing care 
for critically ill patients, is designed to provide intensive 
and specialized medical treatment and nursing care dur-
ing life-threatening organ system deficiencies, enhance 
monitoring capabilities, and offer various physiologi-
cal organ support to maintain life [2–3]. Given the par-
ticularity and complexity of the ICU environment and 
patients’ conditions, nursing staff are required to have 
solid and comprehensive professional knowledge, be 
equipped with expert monitoring and advanced skills, 
and possess high psychological qualities [4].

Ultrasound training in China is not part of the refer-
ence framework for the initial training of the nursing pro-
fession, and nurses of the nursing profession are required 

Introduction
Recent years have witnessed a surge of progress in mod-
ern medical technology and specialty nursing. Ultra-
sound technology is being used increasingly in the field of 
intensive care nursing, covering vascular puncture auxil-
iary techniques, jejunal nutrition tube placement, pres-
sure injury assessment, gastric residual volume, bladder 
urine residue, and assessment of deep venous thrombosis 
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Abstract
Introduction The accuracy of ultrasound diagnosis of nurses in intensive care unit is helpful to improve the quality 
of nursing care. The traditional ultrasound teaching model has been unable to meet the needs of intensive care. 
Ultrasound simulation training as a new teaching model can improve the quality and efficiency of teaching. Therefore, 
the application of ultrasonic simulation training in intensive care ultrasound teaching hopes to improve the technical 
expertise, proficiency and accuracy of ultrasound use in intensive care nurses.

Methods A total of 40 nurses were divided equally into two groups. Twenty nurses in the control group were 
taught with the classic teaching method, and 20 nurses in the experimental group were taught with the ultrasound 
simulation training method. Each nurse practiced for about 15 min each time, three times a week, for a total of 30 
days. After training, the theoretical and practical scores of the two groups were compared.

Result The experimental group were significantly higher than those of the control group, and the difference was 
statistically significant (p < 0.05) including the aspect of the theoretical scores (p < 0.001), practical scores (p < 0.001), 
and nursing satisfaction rates (p < 0.05).

Conclusions Compared with traditional teaching mode, ultrasonic simulation training is helpful to improve the 
teaching quality of intensive care nursing, and it can be tried to be applied to ultrasonic training in the future.
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to continuously standardize the operation through addi-
tional training after entering the ICU ward. ICU nurses 
are required to have at least 3 years of experience and the 
title of nurse or above to reach the professional level of 
ultrasound use, and can participate in ultrasound train-
ing if they meet this requirement. Operating nurses 
receive their certificates one to two years after their 
ultrasound training. The basic courses of their training 
include all clinical and basic medical courses, including 
anatomy and physiology.

At present, critical care nursing staff still have inaccu-
rate ultrasound nursing operation, unskilled technology 
and other problems, which urgently need to be solved. It 
is also mentioned in the Nursing Specifications for Clini-
cal Operation Techniques of Severe Ultrasound that it 
hopes to improve the severe ultrasound technology of 
clinical nursing staff, solve nursing problems, and make 
the ultrasound technology of clinical nursing more sci-
entific, standardized and homogeneous [5]. Therefore, 
training nurses in ultrasound procedures is important 
and helps to improve technical expertise and proficiency. 
However, the traditional nursing teaching model is no 
longer suitable for intensive care teaching courses and 
new efficient and high-quality teaching models need to 
be actively explored [6]. On the one hand, an efficient 
and high-quality teaching mode enables refresher nurses 
to master the basics of intensive care nursing, while, on 
the other hand, it improves the clinical nursing operative 
ability of refresher nurses and lays a solid foundation for 
future clinical nursing work [7]. Improving the profes-
sional ability of nurses can improve the quality of care, 
ensure the safety of patients, improve the quality of life 
and survival time of patients, and help reduce the mortal-
ity and disability rate of patients [7].

Traditional ultrasound teaching is mostly delivered 
through the use of real cases, although this can be easily 
affected by individual patient factors, the technical profi-
ciency of the operator, ethical factors, etc., and it may be 
restricted by other factors that interrupt the procedure. 
In contrast, ultrasound simulation training is a learner-
centered learning approach that provides standard and 
objective cases and standardized human body simula-
tions for operator training. It is free from time and ethical 
constraints and can be repeated for intensive care train-
ing [8, 9]. Simulator based medical education (SBME) is 
becoming a popular method for improving the knowl-
edge and performance of healthcare workers in various 
environments [10]. The ultrasound simulation system has 
emerged as a teaching mode in recent years and has been 
initially applied in a few medical disciplines. Simulation 
based training has been proven to reduce medical errors 
and provide a platform to enhance learners’ knowledge, 
clinical skills, and performance in controlled environ-
ments, thereby improving patient care [11]. SBME is a 

learner centered approach that improves clinical techni-
cal skills through repeated practice and reflection before 
implementing these techniques on patients [12]. Ultra-
sound simulation training is an emerging teaching model 
in intensive care nursing education. Although the tradi-
tional method of real cases dominates, simulation train-
ing has attracted attention because of its advantages. For 
example, simulation training is a kind of standardized 
learning, which is different from variable real-life cases. 
It provides a consistent and objective learning experience 
compared to case studies; ultrasound simulation training 
allows for unlimited contact, and it allows for repeated 
practice without the constraints of real patients or ethi-
cal considerations [13]. In view of the lack of reports on 
ultrasound teaching, it has gradually become a focus of 
attention in ultrasound medicine education [14, 15]. 
Overall, the application of ultrasound simulation training 
in intensive care nursing appears to be in its early stages 
but holds promise for improving the efficiency and qual-
ity of nursing education [16]. For trainee nurses admit-
ted to the ICU, scientific, reasonable, and standardized 
nursing teaching is required to fully improve their theo-
retical and technical levels, enabling them to better adapt 
to ICU clinical work quickly. Therefore, a key concern of 
nursing teaching staff is to provide high-quality training 
by applying ultrasound simulation technology to ICU 
nursing to enable trainee nurses to achieve the expected 
results.

The aim of this study was to compare the learning 
effects of traditional ultrasound training and simulated 
ultrasound training in order to explore an effective and 
high-quality nursing teaching model-intensive care ultra-
sound training, and to apply it to clinical practice.

Participants and methods
Participants
Forty nurses who received advanced training in the 
Department of Surgical Intensive Care Medicine of 
the China–Japan Friendship Hospital from January to 
December 2021 were selected as subjects using the con-
venience sampling method. Inclusion criteria: Clinical 
ICU nurses, and working years ≥ 3 years; Have a certain 
knowledge of nursing ultrasound; ③Nurses and above 
professional titles; 4. Informed consent, voluntary par-
ticipation in this study. Exclusion criteria: ①Patients who 
are not on duty due to sick leave, maternity leave, etc.; 
②Nurses’ incomplete information, “incomplete infor-
mation” refers to missing data in the subject ‘s records, 
which prevents us from accurately grouping or analyz-
ing in the study. This study was a randomized controlled 
study. The methodology of this study follows the CON-
SORT. Using the random number table method, each 
nurse who received advanced training was assigned a 
digital label corresponding to a number between 1 and 
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40. Nurses were enrolled in the experimental group 
(n = 20) and the control group (n = 20) according to the 
random number table. The experimental group was given 
ultrasound simulation training. And the control group 
was implemented traditional ultrasound teaching. All the 
nurses involved in this study gave informed consent and 
volunteered to participate, and all the patients involved 
gave informed consent and obtained approval from the 
ethics approval board of this hospital.

The sample size was selected as convenience sampling 
method and all nurses who participated in the training 
were included because only 40 nurses met the inclusion 
and exclusion criteria in this training.

There are 20 nurses in the experimental group who 
have received advanced training, including 5 males, 
accounting for 25%, and 15 females, accounting for 75%; 
the average age of the experimental group among the 
research subjects is 23.45 ± 3.46 years old; the average 
working years of the experimental group is 3.657 (years); 
experimental group Group education level Associate/
Bachelor/Master/Ph.D. = 18:2:0:0. There were 20 nurses 
in the control group who had received advanced training, 
including 8 males, accounting for 40%, and 12 females, 
accounting for 60%; the average age of the study subjects 
in the control group was 22.45 ± 3.73 years old; the aver-
age working years of the experimental group was 2.766 
(years); The educational level of the experimental group 
was Associate/Bachelor/Master/Ph.D. = 19:1:0:0 (see 
Table 2).

Methods
The nursing instructors in both groups were essentially 
the same in terms of working years, professional titles, 
age, gender, etc., and the subjects in both groups were 
trained in theoretical knowledge and practical operation. 
According to the research, a working group was estab-
lished, consisting of one head nurse, two senior teachers 
who have specialized in training ICU ultrasound knowl-
edge and serve as national ultrasound trainers, and two 
intensive care physicians. The head nurse was responsible 
for selecting nurses and implementing training assess-
ments, designing satisfaction questionnaires (Supple-
mentary material 1); Senior teachers are responsible for 

providing strict training on ultrasound theory knowledge 
to nursing staff; The attending physician for intensive 
care is responsible for practical operation training.

Theoretical knowledge training
The same theoretical knowledge was taught in both 
groups and was delivered in the form of powerpoint(PPT) 
presentations. In addition, the instructors and the teach-
ing content were the same in both groups. One session 
per week, each of 60 min duration of theoretical teach-
ing, for four sessions. The content included ultrasound 
foundation, lung ultrasound foundation, ultrasound-
guided arteriovenous puncture, ultrasound-guided 
peripherally inserted central catheter (PICC) punc-
ture, ultrasound assessment of gastrointestinal motility, 
ultrasound-guided nasojejunal feeding tube placement, 
ultrasound determination of gastric residual volume and 
bladder urine residue, ultrasound screening of thrombus, 
bedside lung ultrasound examination (BLUE) process, 
and the application of ultrasound in skin pressure injury 
assessment.

Practical operation training
Practical operation content in the experimental 
group The subjects in the experimental group used 
an ultrasound simulator to participated in ultrasound 
simulation training practice after learning the relevant 
theory (Practice content is consistent with theoretical 
knowledge) (see Table 1). The ultrasound simulator uses 
real-time dynamic imaging and custom designed human 
models to perform chest, abdominal, and pelvic scans 
from basic cases to complex cases. Nurses can perform 
real ultrasound examination evaluations of the heart, 
abdomen, and pelvic structures, practice hand eye coor-
dination and probe operation, and improve pathology and 
case recognition abilities.

The nurses were instructed by the teacher to oper-
ate in groups for 45 min, with five people in each group. 
Using a Vimedix Integrated Ultrasound Virtual Train-
ing System (USA) as a platform, the nurses who received 
advanced training learned to operate it on the basis of 
simulated cases while reviewing and consolidating their 

Table 1 Ultrasound practice content of ICU nurses
Specific contents

Ultrasound practice content Ultrasound-guided arteriovenous puncture
Ultrasound-guided peripherally inserted central catheter (PICC) puncture
Ultrasound assessment of gastrointestinal motility
Ultrasound-guided nasojejunal feeding tube placement
Ultrasound determination of gastric residual volume and bladder urine residue
Ultrasound screening of thrombus
Bedside lung ultrasound examination (BLUE) process
The application of ultrasound in skin pressure injury assessment
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theoretical knowledge. The practical operational train-
ing was first explained and demonstrated by the train-
ing teacher, followed by selecting typical cases, assigning 
tasks, and allowing the group to freely discuss and prac-
tice. After completion, the learning results were reported 
one by one, with other members listening to the report, 
and the training teacher providing guidance. Finally, the 
group members refer to the results of others to improve 
their answers. Each nurse practiced for about 15  min 
each time, three times a week, for a total of 30 days. Each 
theoretical part is assessed by scoring after learning and 
practice.

Practical operation content in the control group The 
subjects in the control group participated in traditional 
teaching after learning the relevant theory and were 
instructed by the instructor to operate in groups for 
45 min, with five people in each group. Patients were pre-
pared in advance by the instructor according to the teach-
ing content (Patient condition similar to simulated case 
in system); they were informed of the procedure, which 
commenced after permission was given. First, the instruc-
tor gave a practical demonstration, and the nurses who 
received advanced training practiced the technique. Then, 
the instructor gives the nurses a mark according to the 
teaching content. The nurses were promptly corrected 
and reviewed their performance to consolidate their theo-
retical knowledge. 1Each nurse practiced for about 15 min 
each time, three times a week, for a total of 30 days.

Assessment indicators
(1) After the two groups of training, theoretical test and 
operation test were performed on the lecture content, 
accounting for 50 points each. The theoretical knowledge 
test was a closed-book test which contains 25 objective 
questions and 5 subjective questions. And the subjective 
and objective questions each account for 25 points. The 
content included ultrasound foundation, lung ultrasound 
foundation, ultrasound-guided arteriovenous puncture, 
ultrasound-guided PICC puncture, ultrasonic evaluation 
of gastrointestinal motility, ultrasound-guided nasojeju-
nal feeding tube placement, ultrasonic determination of 
gastric residual volume and bladder urine residue, ultra-
sound screening of thrombus, lung ultrasound basis, the 
BLUE process, and the application of ultrasound in skin 
pressure injury assessment. The practical test was stan-
dardized with reference to the standards set by the Chi-
nese Critical Ultrasound Study Group (CCUSG) [17]. 
The questions were on a time-limited online survey. The 
examiners were all CCUSG-accredited lecturers who 
selected the same patient for pulmonary, abdominal, and 
thrombotic screening and skin pressure injury assess-
ment. The refresher nurses each selected a patient for 
arteriovenous puncture assessment. Each practical test 

included 5 scoring items, including material preparation, 
operation image, operation time, instrument disinfection, 
and image interpretation. The examiners scored each 
nurse’s performance in the assessment and recorded the 
results.

Through the pretest, the Cronbach α coefficient, retest 
reliability and content validity of the theoretical test are 
0.804, 0.851 and 0.782, respectively. Cronbach α coeffi-
cient, retest reliability and content validity of the opera-
tion test were 0.791, 0.831 and 0.802, respectively.

(2) A self-made questionnaire was used to investigate 
the satisfaction of the two groups of refresher nurses with 
the teaching methods used (see Supplementary Material 
1). Questions concerning satisfaction in the question-
naire were: Are you satisfied with the teaching method of 
ultrasound teaching theory: ① very satisfied, ② satisfied, 
and ③ dissatisfied.

All assessments were on paper as sent to nurse on site.

Statistical processing
The data was entered and confirmed by two research-
ers. All data in this study were statistically analyzed using 
SPSS 26.0 software. Measurement data were expressed as 
mean ± standard deviation (Mean ± SD), and two-tailed 
independent samples t-test was used to compare the 
two groups (data conformed to normality and homoge-
neity of variance). Enumeration data were presented as 
frequencies and percentages, and comparisons between 
two groups were performed using the χ2 test. p < 0.05 
indicated a statistically significant difference. Because 
multiple t-tests (Age, Working years)were involved, the 
scores of the two groups before and after intervention 
were compared using Bonferroni correction(Gender, 
Education). Test level α = 0.05/2 = 0.025. Through Gpower 
software, in the case of existing sample size and corrected 
test level, the statistical power of t test and chi-square 
test were between 0.72 and 0.77.

Results
General information about the two groups
There was no significant difference in gender (1:3 vs. 
2:3, χ2 = 3.417, p = 0.988) and age (23.45 ± 3.46y vs. 
22.45 ± 3.73y, t = 0.988, p = 0.375) of the experimental 
group compared with the control group. The experi-
mental group’s working experience (3.657y vs. 2.766y, 
t = 0.875, p = 0.385), education level (18:2:0:0 vs. 19:1:0:0, 
χ2 = 1.890, p = 0.340) and other general There was no 
significant difference between the data and the control 
group. The experimental and control groups were com-
parable at baseline. See Table 2.

Comparison of the theoretical scores of the two groups
The mean of the theoretical score after of the experimen-
tal group (M = 42.25; SD = 2.49) is significant compared to 
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that of the score before the test, (M = 35.45; SD = 3.46), t 
(1,19) = -7.140; p < 0, 0001. and the difference was statis-
tically significant (p < 0.05). The mean of the theoretical 
score after the experimental group (M = 42.2; SD = 2.49) 
is significant compared to that of the control group 
(M = 37.8; SD = 4.53), t (1,39) = -3.85; p < 0.001. and the 
difference was statistically significant (p < 0.05), as shown 
in Table 3.

Comparison of the practical scores of the two groups
The mean of the theoretical score after of the experimen-
tal group (M = 38.80; SD = 1.64) is significant compared 
to that of the score before (M = 17.20; SD = 1.74), and the 
difference was statistically significant (p < 0.05). The mean 
of the theoretical score after the experimental group 
(M = 38.80; SD = 1.64) is significant compared to that of 
the control group (M = 32.40; SD = 1.35), p < 0.05. and the 
difference was statistically significant (p < 0.05), as shown 
in Table 4.

Comparison of satisfaction between the two groups
The results show that The experimental group had a 
significantly higher satisfaction rate at 60% (n = 12) 
compared with the control group (50%, n = 10), χ2 = 18, 
p < 0.001. After the test, the teaching satisfaction of the 
experimental group was higher than that of the control 
group (90% (n = 18) vs. 80% (n = 16), χ2 = 6, p < 0.014), and 
the difference was statistically significant (p < 0.05), as 
shown in Table 5.

Discussion
The ultrasound simulation system is a promising simu-
lation tool that can replicate complex interactions and 
environments that are not possible with traditional 
simulators [18]. Other studies have shown the effective-
ness of using ultrasound simulation systems for train-
ing. Suarez Weiss et al. designed a two-week ultrasound 
simulation training for first-year radiology resident phy-
sicians, and the physicians stated that ultrasound simu-
lation training can help improve knowledge perception 
and mastery [19]. Stergaard et al. found through a mul-
ticenter randomized controlled trial that training based 
on ultrasound simulators improved the performance of 
physicians in performing diagnostic ultrasound scans 

Table 2 General information about the two groups
Item Experimental 

group (n = 20)
Control group 
(n = 20)

t/χ2 p

Age(y) 23.45 ± 3.46 22.45 ± 3.73 0.988a 0.375
Working years(y) 3.657 ± 1.817 2.766 ± 1.571 0.875a 0.385
Gender(m/f ) 5/15 8/12 3.417b 0.988
Education 18:2:0:0 19:1:0:0 -c -
Associate 18 19
Bachelor 2 1
Master 0 0
Ph.D. 0 0
Note a: two-sample independent t test; b: chi-square test of four tables; c: Does 
not meet the conditions of the chi-square test

Table 3 Comparison of the theoretical scores between the two 
groups
Item Experi-

mental 
group 
(n = 20)

Control 
group 
(n = 20)

t p

M (SD)
Test scores before 
training

35.45 ± 3.46 36.45 ± 3.73 0.879 0.385

Test scores after 
training

42.25 ± 2.49 37.80 ± 4.53 -3.853 ***

t -7.140 -1.029
p *** 0.310
Note t-tests were used to analyze the differences between two groups

Tableau 1 * < 0,05 ** < 0,01, *** < 0,001

Table 4 Comparison of the practical scores between the two 
groups
Item Experimen-

tal group 
(n = 20)

Control 
group 
(n = 20)

t p

Test scores before 
training

17.20 ± 1.74 17.35 ± 1.87 0.263 0.794

Test scores after 
training

38.80 ± 1.64 32.40 ± 1.35 -13.453 ***

t -40.442 -29.142
p *** ***
Note t-tests were used to analyze the differences between two groups

Tableau 1 * < 0,05 ** < 0,01, *** < 0,001

Table 5 Comparison of nursing satisfaction between the two groups
Item Experimental group (n = 20) Control group (n = 20) χ2 p

Satisfied Dissatisfied Satisfied Dissatisfied
Satisfaction before training 12 8 10 10 18 ***
Satisfaction after training 18 2 16 4 6 *
χ2 10 14
p ** ***
Note χ2 test was used to analyze the difference between the two groups

Tableau 1 * < 0,05 ** < 0,01, *** < 0,001
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on patients [20]. Woodhead et al. explored the impact 
of simulation on gynecological ultrasound training and 
found that using simulation practices in gynecological 
ultrasound can help improve the abilities, skills, and con-
fidence of trainees, as well as reduce patient discomfort 
[21]. According to the findings of this study, ultrasound 
simulation training has achieved remarkable results 
compared with traditional teaching. For one thing, ultra-
sound simulation training can standardize the technical 
skills of trainees. It provides standardized operating stan-
dards for many trainees via a professional simulation case 
basis, which is not open to influence by patients during 
real procedures and can be practiced repeatedly without 
causing discomfort or injury to patients. For another, the 
ultrasound simulation training system has a variety of 
training courses for different majors, the instructor can 
give professional guidance to trainees, enhance the train-
ees’ ability to identify ultrasound image problems, and 
quickly improve the clinical operation level and theo-
retical knowledge of inexperienced operators [22]. This is 
consistent with the findings of a study on the ultrasound 
rotation of virtual multi-department nursing points for 
medical students. Ultrasound mini-teaching techniques 
improve trainees’ ultrasound knowledge and image 
interpretation ability throughout the course, extensively 
increase their mastery of theoretical knowledge and 
application of operational techniques, and enhance their 
learning enthusiasm and interest [23].

Furthermore, ultrasound simulation training is entirely 
student-centered and can be studied and learned in dif-
ferent courses according to the needs of trainees. It is 
also possible to perform repeated ultrasound exercises 
without being associated with the creation of medical 
disputes, and as the operator is emotionally unaffected by 
patient-related effects, they can practice in a relaxed state 
of mind [24]. A study had shown that medical simula-
tion training can help improve the performance of clini-
cal physicians and nurses, enhance communication skills 
and professional skills, and enhance team cohesion [25]. 
It was found in this study that trainees who participate 
in the ultrasonic simulation nursing training mode have 
higher teaching satisfaction rates; this may be because 
trainees can obtain sound practical experience and emo-
tional stimulation using ultrasound simulation while 
obtaining positive feedback in teaching, thus strength-
ening their operational abilities and learning interests 
[26]. A double-blind parallel-group block-randomized 
controlled experiment revealed that compared with tra-
ditional ultrasound, ultrasound simulation training sig-
nificantly improved medical trainees’ ultrasound skills 
and interest in learning [27].

The results of this study show that ultrasound simula-
tion teaching has significant advantages in improving 
nurses’ theoretical knowledge, skill level and learning 

satisfaction. Compared with traditional teaching models, 
ultrasound simulation teaching can provide nurses with a 
more standardized and personalized learning experience, 
helping them better master ultrasound operation skills. 
In this study, the theoretical knowledge and skill scores of 
nurses who received ultrasound simulation teaching were 
significantly higher than those of nurses who received 
traditional teaching. This is consistent with the results of 
other related studies. For example, Eroglu O [28] found 
that ultrasound simulation teaching can increase medi-
cal students’ ultrasound theoretical knowledge scores by 
10% and skill scores by 8%. Hani S [29] also found that 
ultrasound simulation teaching can significantly improve 
nurses’ ultrasound operation skill level. In this study, the 
learning satisfaction of nurses who received ultrasound 
simulation teaching was significantly higher than that of 
nurses who received traditional teaching. This may be 
because ultrasound simulation teaching can provide a 
more vivid and intuitive learning experience and increase 
learners’ interest and enthusiasm. Miller GT [30] also 
found that ultrasound simulation teaching can signifi-
cantly improve medical students’ learning satisfaction. 
Comparative results between this study and other related 
studies indicate that ultrasound simulation teaching is 
an effective and feasible teaching model that can signifi-
cantly improve nurses’ ultrasound theoretical knowledge, 
skill level, and learning satisfaction. In the future, ultra-
sound simulation teaching can be applied to more medi-
cal education fields to improve the quality and effect of 
medical education.

Given the fundamental differences between traditional 
intraoperative ultrasound and laparoscopic ultrasound in 
terms of probes, scanning methods, and perspectives, the 
training of physicians and nurses based on tradition and 
structure is neither sufficient to enable nurses to master 
laparoscopic ultrasound scanning techniques nor appro-
priate to meet clinical needs [31]. Against this backdrop, 
ultrasonic simulation technology has become increas-
ingly respected. Experience with ultrasound simulation 
is currently gained through supervised clinical practice, 
which, in turn, is challenged by patient availability and 
risk. Prior simulation training and subsequent evaluation 
are beneficial for ensuring and improving competence 
prior to performing procedures on patients. Hempel et 
al. pointed out that there are currently a large number 
of ultrasound simulators that can replace ultrasound 
examinations on patients, and the learning effect on 
simulators is significant. The earlier one learns skills such 
as ultrasound-guided vascular puncture in ultrasound 
simulators, the safer it will be in clinical applications in 
the future [32]. However, ultrasound simulation training 
has the characteristic of high cost. Post et al.‘s study sug-
gests that trainees can reach the level of general abdomi-
nal ultrasound examination within 3 h of training in an 
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ultrasound simulator, but the average cost of training one 
trainee is estimated to be $638 [33].

Nevertheless, ultrasonic simulation training has some 
limitations. First, due to limitations in time and energy, 
we did not conduct a pilot study; and only a few samples 
were included in this study, which may lead to some limi-
tations in the extrapolation of our conclusions. Second, 
the limited case base at this stage may not be able to pro-
vide effective help to trainees at an advanced stage. In 
addition, there are other problems that arise from the fact 
that the operating nurse does not have a degree in ultra-
sound and only receives ultrasound training. In response 
to this, future studies should be conducted involving 
more departments and at more hospital levels to demon-
strate the effectiveness of ultrasound simulation in nurs-
ing teaching. Moreover, various training methods can be 
combined according to the level and ability of the train-
ees to improve the quality of ultrasound training [34].

Conclusion
In summary, ultrasound simulation training has more 
obvious advantages than traditional teaching in ICU 
nursing education. By providing standardized training, 
instructors can better understand students’ abilities and 
conduct personalized training, thereby improving the 
quality of clinical nursing teaching. Therefore, it is rec-
ommended to introduce ultrasound simulation training 
into the ultrasound training of ICU nurses. In addition, 
if the case database in the background of the training 
system can be improved regularly, graded training will 
be even more helpful for improving the skills of trainees. 
While this study demonstrates these benefits, further 
research is needed to directly evaluate ultrasound simula-
tions The impact of training on trainee skill development.

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  1 2 9 0 9 - 0 2 5 - 0 6 9 6 8 - 4.

Supplementary Material 1

Acknowledgements
Thanks to the patients and continuing nurses who have contributed to this 
study.

Author contributions
SYL and GC conceived of the study, and WJ and ZP participated in its design 
and data analysis and LZ was responsible for statistics. All authors helped to 
draft the manuscript, read and approved the final manuscript.

Funding
Not applicable.

Data availability
All data generated or analysed during this study are included in this article. 
Further enquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki and 
approved by the ethics committee of China-Japan Friendship Hospital. We 
obtained signed informed consent from the participants in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 June 2024 / Accepted: 7 March 2025

References
1. Sun J, Liu D, Wang X, Zhu L, Guo H, Li Z, et al. Application of ultrasonic tech-

nology in the field of intensive care. Chin J Nurs. 2016;51(6):729–32.  h t t p  s : /  / d 
o i  . o  r g /  1 0 .  3 7 6 1  / j  . i s  s n .  0 2 5 4  - 1  7 6 9 . 2 0 1 6 . 0 6 . 0 2 0.

2. Marshall JC, Bosco L, Adhikari NK, Connolly B, Diaz JV, Dorman T, et al. What 
is an intensive care unit? A report of the task force of the world federation of 
societies of intensive and critical care medicine. J Crit Care. 2017;37:270–6.  h t t 
p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j c r c . 2 0 1 6 . 0 7 . 0 1 5.

3. Wong A, Chew M, Hernandez G. Using ultrasound in ICU. Intensive Care Med. 
2023;49(5):563–5.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  0 0 1 3 4 - 0 2 3 - 0 7 0 2 3 - w.

4. Ma Y. Discussion on the improvement of the teaching strategies of the practi-
cal nurses in the department of critical medicine. Electron J Practical Clin 
Nurs Sci. 2019;4(50):514.

5. Zhao MX, Sun JH, Luo HB, Li ZZ, Li X, Jing J, et al. Interpretation of nursing 
specifications for clinical operation techniques of severe ultrasound. Chin J 
Mod Nurs. 2024;30(5):584–8.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 7 6 0  / c  m a .  j . c  n 1 1 5  6 8  2 - 2 0 2 3 0 6 
0 8 - 0 2 3 1 0.

6. Tulleken AM, Gelissen H, Lust E, Smits T, van Galen T, Girbes ARJ, et al. Ultra-
Nurse: teaching point-of-care ultrasound to intensive care nurses. Intensive 
Care Med. 2019;45(5):727–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  0 0 1 3 4 - 0 1 8 - 0 5 5 1 2 - x.

7. Chi M, Wang N, Wu Q, Cheng M, Zhu C, Wang X, et al. Implementation of the 
flipped classroom combined with problem-based learning in a medical nurs-
ing course: A quasi-experimental design. Healthc (Basel). 2022;10(12):2572.  h t 
t p  s : /  / d o i  . o  r g /  1 0 .  3 3 9 0  / h  e a l t h c a r e 1 0 1 2 2 5 7 2.

8. Palmer JM, Little A, Tran QV. Cost-effective training models in point-of-care 
ultrasound for medical students in emergency medicine: an evaluation of 
current resources. Cureus. 2022;14(4):e23753.  h t t p  s : /  / d o i  . o  r g /  1 0 .  7 7 5 9  / c  u r e u s . 
2 3 7 5 3.

9. Cowan B, Brackney A, Barremkala M. Ultrasound in medical education: can 
students teach themselves? Med Sci Educ. 2021;31(5):1663–8.  h t t p  s : /  / d o i  . o  r g 
/  1 0 .  1 0 0 7  / s  4 0 6 7 0 - 0 2 1 - 0 1 3 5 7 - 0.

10. Komasawa N, Yokohira M. Simulation-based education in the artificial intel-
ligence era. Cureus. 2023;15(6):e40940.  h t t p  s : /  / d o i  . o  r g /  1 0 .  7 7 5 9  / c  u r e u s . 4 0 9 4 0.

11. Ali KQ, Soofi SB, Hussain AS, Ansari U, Morris S, Tessaro MO, et al. Simulator-
based ultrasound training for identification of endotracheal tube placement 
in a neonatal intensive care unit using point of care ultrasound. BMC Med 
Educ. 2020;20(1):409.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 2 9 0 9 - 0 2 0 - 0 2 3 3 8 - 4.

12. Yeo L, Romero R. Optical ultrasound simulation-based training in obstetric 
sonography. J Matern Fetal Neonatal Med. 2022;35(13):2469–84. Epub 2020 
Jul 7.

13. Seam N, Lee AJ, Vennero M, Emlet L. Simulation training in the ICU. Chest. 
2019;156(6):1223–33.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . c h  e s t  . 2 0 1  9 .  0 7 . 0 1 1.

14. Zhang Y, Jiang Y. Role and advance of simulation-based education in ultra-
sound practice training. Basic Clin Med. 2017;37(10):1500–3.  h t t p  s : /  / d o i  . o  r g /  1 
0 .  3 9 6 9  / j  . i s  s n .  1 0 0 1  - 6  3 2 5 . 2 0 1 7 . 1 0 . 0 4 6.

15. Damewood SC, Lewiss RE, Huang JV. Ultrasound simulation utilization 
among point of care ultrasound users: results of a survey. J Clin Ultrasound. 
2018;46(9):571–4.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 2  / j  c u . 2 2 6 1 0.

16. Peng B, Huang X, Wang S, Jiang J. A real-time medical ultrasound simulator 
based on a generative adversarial network model. Proc Int Conf Image Proc. 
2019; 2019:4629–4633.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 0 9  / i  c i p . 2 0 1 9 . 8 8 0 3 5 7 0

17. Cao L, Zhang L, Wang X, Li X, Zhang Q, Sun J, et al. Chinese critical ultrasound 
study group. Expert consensus on intensive care ultrasound. Chin J Mod 

https://doi.org/10.1186/s12909-025-06968-4
https://doi.org/10.1186/s12909-025-06968-4
https://doi.org/10.3761/j.issn.0254-1769.2016.06.020
https://doi.org/10.3761/j.issn.0254-1769.2016.06.020
https://doi.org/10.1016/j.jcrc.2016.07.015
https://doi.org/10.1016/j.jcrc.2016.07.015
https://doi.org/10.1007/s00134-023-07023-w
https://doi.org/10.3760/cma.j.cn115682-20230608-02310
https://doi.org/10.3760/cma.j.cn115682-20230608-02310
https://doi.org/10.1007/s00134-018-05512-x
https://doi.org/10.3390/healthcare10122572
https://doi.org/10.3390/healthcare10122572
https://doi.org/10.7759/cureus.23753
https://doi.org/10.7759/cureus.23753
https://doi.org/10.1007/s40670-021-01357-0
https://doi.org/10.1007/s40670-021-01357-0
https://doi.org/10.7759/cureus.40940
https://doi.org/10.1186/s12909-020-02338-4
https://doi.org/10.1016/j.chest.2019.07.011
https://doi.org/10.3969/j.issn.1001-6325.2017.10.046
https://doi.org/10.3969/j.issn.1001-6325.2017.10.046
https://doi.org/10.1002/jcu.22610
https://doi.org/10.1109/icip.2019.8803570


Page 8 of 8Gong et al. BMC Medical Education          (2025) 25:566 

Nurs. 2020;26(33):4577–90.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 7 6 0  / c  m a .  j . c  n 1 1 5  6 8  2 - 2 0 2 0 0 4 1 
6 - 0 2 7 8 7.

18. Jacobsen N, Larsen JD, Falster C, Nolsøe CP, Konge L, Graumann O, et al. Using 
immersive virtual reality simulation to ensure competence in contrast-
enhanced ultrasound. Ultrasound Med Biol. 2022;48(5):912–23.  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 0 1 6  / j  . u l  t r a  s m e d  b i  o . 2 0 2 2 . 0 1 . 0 1 5.

19. Suarez-Weiss KE, Yang H, Beland MD. Reclaiming hands-on ultrasound for 
radiology with a simulation-Based ultrasound curriculum for radiology 
residents. Ultrasound Q. 2020;36(3):268–74.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / R  U Q .  0 0 0  
0 0 0 0  0 0  0 0 0 0 4 9 4.

20. Østergaard ML, Rue Nielsen K, Albrecht-Beste E, Kjær Ersbøll A, Konge 
L, Bachmann Nielsen M. Simulator training improves ultrasound scan-
ning performance on patients: a randomized controlled trial. Eur Radiol. 
2019;29(6):3210–8.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  0 0 3 3 0 - 0 1 8 - 5 9 2 3 - z.

21. Woodhead NJ, Mahmud A, Clark J. Effects of simulation for gynaecological 
ultrasound scan training: a systematic review. BMJ Simul Technol Enhanc 
Learn. 2020;6(6):320–31.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 3 6  / b  m j s  t e l  - 2 0 1  9 -  0 0 0 4 8 2.

22. Ma Y, Guo C, Chen Y. Application value of ultrasonic simulation system 
combined with PBL teaching method in obstetrics teaching. Chin J Med. 
2019;54(4):462–4.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 9 6 9  / j  . i s  s n .  1 0 0 8  - 1  0 7 0 . 2 0 1 9 . 0 4 . 0 3 2.

23. Zavitz J, Sarwal A, Schoeneck J, Glass C, Hays B, Shen E, et al. Virtual multi-
specialty point-of-care ultrasound rotation for fourth-year medical students 
during COVID-19: innovative teaching techniques improve ultrasound 
knowledge and image interpretation. AEM Educ Train. 2021;5(4):e10632.  h t t p  
s : /  / d o i  . o  r g /  1 0 .  1 0 0 2  / a  e t 2 . 1 0 6 3 2.

24. Tan S, Miao L, Cui L, Chen W, Wang X. Using simulate man in standardized 
training of residents in ultrasound department. China High Med Educ. 
2019;173–4.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 9 6 9  / j  . i s  s n .  1 0 0 2  - 1  7 0 1 . 2 0 1 9 . 0 1 . 0 3 6.

25. Alexander LF, McComb BL, Bowman AW, Bonnett SL, Ghazanfari SM, Caserta 
MP. Ultrasound simulation training for radiology residents-curriculum design 
and implementation. J Ultrasound Med. 2023;42(4):777–90.  h t t p  s : /  / d o i  . o  r g /  1 
0 .  1 0 0 2  / j  u m . 1 6 0 9 8.

26. Schroeder AN, Kruse RC. The future of virtual sports ultrasound education 
and collaboration. Curr Sports Med Rep. 2021;20(1):57–61.  h t t p  s : /  / d o i  . o  r g /  1 0 .  
1 2 4 9  / J  S R .  0 0 0  0 0 0 0  0 0  0 0 0 0 8 0 2.

27. Rosenfeldt Nielsen M, Kristensen EQ, Jensen RO, Mollerup AM, Pfeiffer T, 
Graumann O. Clinical ultrasound education for medical students: virtual 
reality versus e-learning, a randomized controlled pilot trial. Ultrasound Q. 
2021;37(3):292–6.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / R  U Q .  0 0 0  0 0 0 0  0 0  0 0 0 0 5 5 8.

28. Eroglu O, Coskun F. Medical students’ knowledge of ultrasonography: effects 
of a simulation-based ultrasound training program. Pan Afr Med J, 2018, 
30(1).

29. Hani S, Chalouhi G, Lakissian Z, Sharara-Chami R. Introduction of ultra-
sound simulation in medical education: exploratory study. JMIR Med Educ. 
2019;5(2):e13568.  h t t p  s : /  / d o i  . o  r g /  1 0 .  2 1 9 6  / 1  3 5 6 8.

30. Miller GT, Scerbo MW, Zybak S, Byars DV, Goodmurphy CW, Lattanzio FA, et 
al. Learner improvement from a simulation-Enhanced ultrasonography cur-
riculum for first-year medical students. J Ultrasound Med. 2017;36(3):609–19.  
h t t p  s : /  / d o i  . o  r g /  1 0 .  7 8 6 3  / u  l t r a . 1 5 . 1 2 0 2 5.

31. Thone N, Winter M, García-Matte RJ, González C. Simulation in otolar-
yngology: a teaching and training tool. Acta Otorrinolaringol Esp. 2017 
Mar-Apr;68(2):115–20.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . o t  o r r  i . 2 0  1 6  . 0 4 . 0 0 7. English, 
Spanish.

32. Hempel D, Schröper T, Pfister R, Michels G. Sonographieausbildung in der 
Notfall- und intensivmedizin: integration schon Im medizinstudium?? 
[Ultrasound training in emergency and intensive care medicine: integration 
already in medical school?]. Med Klin Intensivmed Notfmed. 2019;114(6):519–
24.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  0 0 0 6 3 - 0 1 9 - 0 5 5 0 - 2. German. 

33. Post JH, Teslak KE, Tolsgaard MG, Rasmussen S, Friis ML. Cost of simulation-
based mastery learning for abdominal ultrasound. BMC Med Educ. 
2023;23(1):921.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 2 9 0 9 - 0 2 3 - 0 4 9 1 9 - 5.

34. Li L, Tang X, Zhao Y. Application of simulation based medical education in 
prenatal ultrasound teaching. China Med Educ Technol. 2022;36(2):157–61.  h t 
t p s :   /  / d o  i .  o r  g  /  1 0  . 1 3  5  6   6 /  j . c   n k i .   c  m e t  .  c n  6 1  -  1 3   1 7 / g 4 . 2 0 2 2 0 2 0 0 9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3760/cma.j.cn115682-20200416-02787
https://doi.org/10.3760/cma.j.cn115682-20200416-02787
https://doi.org/10.1016/j.ultrasmedbio.2022.01.015
https://doi.org/10.1016/j.ultrasmedbio.2022.01.015
https://doi.org/10.1097/RUQ.0000000000000494
https://doi.org/10.1097/RUQ.0000000000000494
https://doi.org/10.1007/s00330-018-5923-z
https://doi.org/10.1136/bmjstel-2019-000482
https://doi.org/10.3969/j.issn.1008-1070.2019.04.032
https://doi.org/10.1002/aet2.10632
https://doi.org/10.1002/aet2.10632
https://doi.org/10.3969/j.issn.1002-1701.2019.01.036
https://doi.org/10.1002/jum.16098
https://doi.org/10.1002/jum.16098
https://doi.org/10.1249/JSR.0000000000000802
https://doi.org/10.1249/JSR.0000000000000802
https://doi.org/10.1097/RUQ.0000000000000558
https://doi.org/10.2196/13568
https://doi.org/10.7863/ultra.15.12025
https://doi.org/10.7863/ultra.15.12025
https://doi.org/10.1016/j.otorri.2016.04.007
https://doi.org/10.1007/s00063-019-0550-2
https://doi.org/10.1186/s12909-023-04919-5
https://doi.org/10.13566/j.cnki.cmet.cn61-1317/g4.202202009
https://doi.org/10.13566/j.cnki.cmet.cn61-1317/g4.202202009

	Application of ultrasound simulation training in intensive care nursing teaching
	Abstract
	Introduction
	Participants and methods
	Participants
	Methods
	Theoretical knowledge training
	Practical operation training
	Practical operation content in the experimental group
	Practical operation content in the control group



	Assessment indicators
	Statistical processing
	Results
	General information about the two groups
	Comparison of the theoretical scores of the two groups
	Comparison of the practical scores of the two groups
	Comparison of satisfaction between the two groups

	Discussion
	Conclusion
	References


