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Purpose: Traditional standardized training in ultrasound-guided minimally invasive breast surgery (UMIBS) focused on lecture-based 
learning (LBL) resulted in students’ insufficient analysis, limited spatial visual conversion ability, and poor practical application. This 
study examined the effects of the step-by-step (SBS) method combined with a simulation model in UMIBS education.
Subjects and Methods: A total of 84 residents participated in this study. The residents were divided into the SBS group (experience 
group, n=42) and the LBL group (control group, n=42), and the same teacher taught the two groups to ensure a comparable result. 
Based on the pork simulation model, two experts evaluated student performance scores, and the total time taken by each student was 
also counted. The participants were surveyed with 7 questions after the training, and each answer was assigned a score of 1, 2 or 3 to 
compare the participants’ satisfaction.
Results: The average value of the surgical skills for SBS group were significantly higher than LBS group, which was 82.8±4.4 and 
72.7±4.0 (t=4.27, P<0.001), the time spend of neoplasm localization by the experience group was significantly less than the control 
group, which was 17.9±1.6 and 20.9±1.2 secs, (t=1.58, P<0.001), and there were significant differences in puncture accuracy and 
excision integrity between the two groups (P<0.05). In addition, the results of the questionnaire survey showed that learning interest, 
surgical ability and satisfaction were better in the SBS group than in the LBS group (P<0.05), and there were no significant differences 
in clinical thinking and learning pressure between the two groups.
Conclusion: The SBS teaching method may help to improve the surgical skills and learning interest, as well as reduce adverse 
reactions and cultivate clinical thinking of the students in UMIBS training. Future studies could consider multicenter clinical research 
to further confirm the practicality of this teaching method and reduce the risk of deviation.
Keywords: ultrasound, minimally invasive, step by step, lecture-based learning, simulation

Plain Language Summary
Given the strong professionalism of the technology and limited educational resources, there was decreased student operative time and 
limited communication between teachers and students. Current and future UMIBS training programs should combine practical skills 
with theoretical knowledge to promote hand-eye cooperation, spatial vision conversion ability, and a certain degree of B-scanning 
ability and establish the concept of three-dimensional resection. Validity and fidelity training models are essential for UMIBS skill 
training.

Introduction
With medical technology continuing to accumulate and advance today, ultrasound-guided minimally invasive breast 
surgery (UMIBS) has been widely used in the diagnosis and treatment of breast disease with the aim of reducing surgical 
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complications and maintaining the esthetic appearance of the breast.1–3 The literature on UMIBS has mainly reported its 
efficacy and prognosis but has rarely reported the teaching method.4,5 The rapid development of UMIBS and the lag of 
the efficiency teaching mode put forward higher requirements for medical educators.

The current well-known training method for UMIBS focuses on lecture-based learning (LBL), which means that 
teachers lead the class but students rarely have the opportunity to practice.6,7 However, due to this lack of practice and 
clinical thinking during the training process, students cannot carry out clinical operations after watching the procedure,8–10 

and restrictions have prompted educators to seek alternative methods to teach medical knowledge and gain procedural 
experience. UMIBS is a highly practical subject; in response to its practical nature, it is imperative for medical educators to 
employ a simulation and teaching mode to practice operational ability.11,12

In the present study, we adopted the step-by-step (SBS) method combined with a simulation model in UMIBS teaching. 
SBS is a method to practice surgical processes in different stages. Each step involved demonstration, deconstruction and 
practice, and skinned pork with mammary glands was used to simulate human breasts. SBS stage education has been applied 
in many medical disciplines.13,14 However, the application of SBS in UMIBS teaching has not yet been reported. Based on 
the simulation model, by comparison with traditional LBL, the effects of SBS and LBL teaching methods in UMIBS training 
were analyzed to explore the application of the step-by-step (SBS) method in UMIBS training.

Materials and Methods
Teaching Implementation
A total of 84 residents participated in UMIBS training. Participants were divided into two groups: Group A was trained with 
the SBS method, and Group B was trained with the LBS method. Both groups were taught by the same teacher and used the 
same pork simulation model to ensure the comparability of teaching effects; meanwhile, the teacher and students did not 
know the plan in advance. All students were told to learn the same content in advance, but the course structure was different.

Simulation Model
Skinned pork with mammary gland was used to simulate human breast tissue,15 and a 1 cm length of Chinese pickled 
mustard was placed in the pork where the mammary gland area was marked to simulate the breast lesion. During the 
assessment, learners needed to take out the pickled mustard from the pork tissue by using a puncture needle under the 
guidance of ultrasound, as shown in Figure 1. Through professional skills evaluation and a questionnaire survey in two 
groups, we compared the effects of the two methods in teaching UMIBS.

SBS Method
There were five steps in the SBS method. First, during ultrasound training, students practiced ultrasound procedures to 
learn the anatomical structure of the breast. Second, for the identification of neoplasms, students identified the breast 
masses through ultrasonic examination at the outpatient clinic and reexamined surgical traces of postoperative patients. 
Third, for simulation model training, students were supposed to pick up pickled mustard from the pork tissue model, 
scored with Visual Analog Scoring. Fourth, for operation procedure training, according to color Doppler ultrasound, 
mammography, CT or MR results, students were required to report the case, clarify the operation indications, and show 
the surgical path before the surgery, propounded prevention suggestions for possible complications and prepared surgery 
conversations. During the operation, students could ask questions, and the teacher explained the surgery skills and 
precautions. After surgery, students recorded the operation records and the teacher revised them. Fifth, during ward round 
tracking, students monitored postoperative recovery, analyzed the common complications, and then made a standardized 
postoperative rehabilitation plan, and the teacher corrected analysis deviations. The total time taken was 180 mins, and 
the sum of each practice step was 100 mins, as shown in Figure 2.

LBL Method
Study was arranged for the LBL control group in which the teacher explained the theory for 30 mins first, then 
demonstrated the main parts of the operation for 50 mins, and finally reserved 100 mins for the learners to practice. 
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The time spent in each step is shown in Figure 2. Students could ask the teacher questions during the practice, and the 
teacher helped students solve the problems they encountered. After the course, it was arranged for two breast experts who 
had more than 5 years of experience to evaluate the students’ performance independently, and the two experts did not 
know which courses the learner had taken.

Assessment Methods
Evaluation of Localization Ability
Before resection, students were required to locate the mass accurately and searched for the maximum resection plane 
while measuring the size of the neoplasm to define the margin of excision. Two experts calculated the time independently 
to evaluate the precise localization ability in the two groups while finding the maximum section and measured the size of 
the tumor under ultrasound. The shorter the time needed, the better the localization ability.

Ultrasound-Guided Puncture Accuracy
During UMIBS, the puncture needle should be placed directly below the tumor to ensure accuracy. If the length of the 
puncture needle in the skin is equal to the length shown under ultrasound when the maximum section is exposed, then the 
puncture needle is parallel to the neoplasm without forming an angle. In contrast, if the length of the puncture needle in 
the skin is longer than the length indicated by the ultrasound, the puncture needle is not properly placed under the 
neoplasm. The puncture ability was counted as ultrasound display length/penetration length×100 to evaluate the puncture 
accuracy of the two groups. The larger the value is, the higher the puncture accuracy.

The puncture needle display length was used to compare the puncture needle penetration length ratio to evaluate the 
puncture needle application ability of the two groups of students before and after training. The larger the ratio is, the 
better the students’ ability to guide the puncture needle by B-ultrasound.

Figure 1 The range of the mammary gland on the pig skin was marked, and pickled mustard was placed in the pork to simulate breast mass (A). A neoplasm projection was 
drawn on the pigskin surface (B). A puncture approach was designed in which a scalpel was used to make an appropriate incision in the nipple and areola area (C). The 
needle was inserted under the guidance of B ultrasound, and the neoplasm was found and located (D).
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Using the needle length of the display contrast ratio of the length of the needle into the skin puncture needle to 
evaluate two participants before and after training application ability, the greater the ratio B ultrasound-guided needle 
participants’ better capacity.

Completeness of Neoplasm Excision
The surgical outcome is closely related to the completeness of neoplasm excision; it is easy to relapse if the neoplasm is 
not completely removed. There are no pieces of pickled mustard left if the neoplasm was resected thoroughly; 
conversely, there are residual pieces. Therefore, the excision integrity was counted as (1- residual mustard scale/initial 
mustard scale) ×100). The initial mustard scale was 5 grams.

Theoretical and Operational Assessments
The theoretical examination included knowledge of breast diseases, anatomy, complications, analysis and treatment of 
typical cases, essentials and postoperative treatment procedures. The operational assessment included the familiarity with 
the surgery, puncture application skills, resection accuracy, etc., which were based on the UMIBS procedure, proficiency 
and surgical results.

Questionnaire
Two groups were investigated anonymously to evaluate the training effects of the two methods. The questionnaire 
included interest, surgical ability, practical ability, reduction of surgical complication, clinical pressure and satisfaction.

Figure 2 Course structure of LBL group and SBS group.
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Statistical Analysis
SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) was used for data analysis. Normally distributed data are represented 
as the mean ± standard deviation, and the heterogeneity of the two groups was compared with a t-test. The chi-square test 
was used to evaluate the percentage and difference between the two groups, and the Kruskal–Wallis test was used to 
compare the categorical data. Values of P<0.05 were considered statistically significant.

Results
Comparison Between the Participants of the Two Groups Before Training
A total of 84 surgeons who participated in UMIBS training at the Department of Breast Surgery in the Sixth Affiliated 
Hospital of Sun Yat-sen University from January 1, 2021, to December 31, 2021, were enrolled. A nonrandomized 
controlled trial was conducted, with 42 participants allocated to Group A (35 men, 7 women) and 42 participants 
allocated to Group B (39 men, 3 women). The teachers in both groups were chief or deputy chief surgeons, and no 
students had ever performed UMIBS before. Group A was conducted with the SBS method, and Group B was conducted 
with LBL. Students volunteered to participate, and the mean ages of the students from Group A and Group B were 27.3 
±2.7 and 28.2±2.4 years respectively. There were no significant differences between the two groups in terms of age, 
educational background, or standardized training duration (p˃0.05; shown in Table 1).

The Evaluation of Theory and Surgical Techniques Between the Two Groups
Through theoretical examination and surgical technique assessment, we objectively compared the training effects between 
the two groups. There were no significant differences in theoretical knowledge and surgical technique between the two 
groups before the training (p˃0.05), and the grades improved for both groups after the training. In particular, the grades for 
both theoretical knowledge and surgical technique in Group A were significantly higher than those in Group B (p<0.001; 
shown in Table 2, Figure 3), which means that the SBS method was more effective than the LBL method in UMIBS training.

Table 1 Characteristics of All the Participants

Characteristic Group A(n=42) Group B(n=42) P value

Gender 0.83

Male 35(83.3%) 39(92.8%)

Female 7(16.7%) 3(7.2%)
Age(yrs) 27.3±2.7 28.2±2.4 0.87

Degree 1.0

Bachelor’s 14(33.3%) 11(26.1%)
Master’s 16(38.1%) 21(50.0%)

PhD 12(28.6%) 10(23.8%)

Standardized training duration 0.83
2 years 5(11.9%) 5(11.9%)

3 years 37(88.1%) 37(88.1%)

Table 2 Evaluation of Theory and Surgical Skills Before and After Training

Group A(n=42) Group B(n=42) t P value

Theoretical scores
Before 70.1±2.8 69.7±2.8 0.58 0.79

After 80.9±2.0 77.8±4.2 10.96 <0.001

Technical scores
Before 57.5±3.1 56.6±2.9 1.28 0.96

After 82.8±4.4 72.7±4.0 4.27 <0.001
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The Evaluation of Surgery Skills Between the Two Groups
To assess the training effects of the two methods, we counted the ultrasound localization time and evaluated the puncture 
accuracy and completeness of neoplasm excision by two experts. After the training, the real-time duration of the 
experience group was significantly less than that of the control group, which was 17.9±1.6 and 20.9±1.2 secs, 
respectively (t=1.58, p<0.001). In addition, there were significant differences between the SBS and LBL groups in 
terms of puncture techniques (t=4.49, p<0.001), the values were 88.9±3.2 and 81.9±4.7, respectively, and completeness 
of neoplasm excision (t=1.27, p<0.001), the values were 88.9±3.2 and 81.9±4.7, respectively (p<0.001; shown in 
Table 3). These results showed that the SBS training method was more conducive to improving localization, puncture 
accuracy and completeness skills for UMIBS.

Questionnaire Results from Students
A total of 84 questionnaires were sent out and returned. The satisfaction rate in Group A was high at 78.5%, and the acting 
ability was 92.9% in Group A and 50% in Group B. Group A showed better feedback than Group B in learning interest, 
surgical operation ability, and satisfaction with the teaching mode (p<0.05, by the Kruskal–Wallis test; shown in Table 4).

Discussion
According to recent literature,16,17 we are witnessing a shift in health care culture, with increased attention to patient 
expectations and professional liability. Along with this trend, there are rising concerns about the quality of surgical 
residency training in their professional lives, and surgeons must achieve new competencies, avoiding patient safety 

0

10

20

30

40

50

60

70

80

90

100

Before training After training

Group A Group B

0

20

40

60

80

100

120

Before training After training

Group A Group B

T
he

or
et

ic
al

 s
co

re
s 

(m
ea

ns
± 

SD
)

Te
ch

ni
ca

l s
co

re
s(

m
ea

ns
± 

SD
)

**
**

**

**

Figure 3 Evaluation of training effects in the two groups. We compared the grades of the students in theoretical knowledge and surgical skills (100 points for each). 
**p<0.001, by a t-test.

Table 3 Evaluation of Surgical Skills Before and After Training

Items Group A(n=42) Group B(n=42) t P value

Neoplasm localization sec
Before 35.9±2.6 35.9±1.4 −0.26 0.56

After 17.9±1.6 20.9±1.2 1.58 <0.001

Puncture accuracy
Before 35.2±2.5 36.4±1.7 −2.54 0.20

After 88.9±3.2 81.9±4.7 4.49 <0.001

Excision integrity
Before 60.5±5.1 58.8±5.7 1.28 0.96

After 80.1±11.1 71.6±2.9 1.27 <0.001
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impairment. UMIBS is a highly practical technique that requires countless practice, and practice makes perfect. It is 
necessary to establish a simulation scenario for practice to adapt to the change from the open surgery vision field to 
indirect imaging under ultrasound.18 Pork has a texture similar to that of human tissue; the pork/pickle simulation 
training model is easy to build, and students can focus on the details of the operation when facing the simulation model 
by providing a psychological barrier-free platform. Compared to traditional standard training, simulation model-based 
learning is more practical and convenient and stimulates students’ motivation and imagination.19

The original Halstedian model of “see one, do one, teach one” is changing into modern proficiency-based training.20 

In this regard, among others, webinars and online videos shared on social media portals are gaining importance, and the 
impact of video and multimedia sources on clinical activity and surgical training is becoming a fundamental issue, 
especially in the pandemic era.21 The SBS method has been applied in many disciplines and has achieved good results.22 

Published literature shows that the SBS teaching method is more suitable for improving surgical ability and learning 
interest compared to “all in one” or “lecture-based learning” methods.23

In the present study, we divided the training plan into five steps, which focused on ultrasound training, evaluation of 
neoplasms, simulation training, operation, and ward rounds. After SBS method training, results were evaluated by 
objective indicators, such as localization time, puncture accuracy and completeness of the lesion. The surgical operation 
skills of Group A were significantly improved, and they obtained better scores than those of Group B. The VAS scores 

Table 4 Feedback on Two Teaching Methods from Students

Questions Group A 
(n=42)

Group B 
(n=42)

P value

1.This method increases learning interest 0.015

1 2 (4.7%) 5 (11.9%)

2 8 (19%) 18 (42.8%)
3 32 (76.2%) 19 (45.2%)

2.This method improves the ability of surgical 

operation

0.078

1 2 (4.7%) 5 (11.9%)

2 10 (23.8%) 17 (40.4%)
3 30 (71.4%) 20 (47.6%)

3.This method improves the acting ability during 

operation

<0.001

1 0 (0%) 4 (9.5%)

2 3 (7.1%) 17 (40.4%)

3 39 (92.8%) 21 (50.0%)
4.This method reduces surgical complications 0.805

1 6 (14.2%) 7 (16.6%)

2 15 (35.7%) 17 (40.4%)
3 21 (50.0%) 18 (42.8%)

5.This method improves clinical thinking ability 0.586

1 1 (2.3%) 3 (7.1%)
2 10 (23.8%) 9 (21.4%)

3 31 (73.8%) 30 (71.4%)

6.This method reduces the learning pressure 0.802
1 5 (11.9%) 6 (14.2%)

2 11 (26.1%) 13 (30.9%)

3 26 (61.9%) 23 (54.7%)
7.Are you satisfied with the teaching mode 0.013

1 2 (4.7%) 4 (9.5%)

2 7 (16.6%) 18 (42.8%)
3 33 (78.5%) 20 (47.6%)

Notes: 1=dissatisfied; 2=neutral; 3=satisfied.
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(mean±standard; deviation) were 82.8±4.4 better than those of Group B (72.7±4.0). The neoplasm localization ability and 
completeness of resection in Group A were also significantly better than those in Group B. The questionnaire survey 
showed that the learning interest and practical ability of Group A were significantly improved, and the satisfaction of 
Group A was 78.5%, which was better than that of Group B. The SBS method has effectively improved the performance 
of the students and stimulated their enthusiasm for learning.

Compared with the LBL method, SBS has several benefits. First, in SBS curricula, students could practice the ability 
of mass identification and surgical trace tracking, which not only improved the localization ability but also helped to 
familiarize themselves with the surgical procedure and reduce complications. Step-by-step practice can promote hand-eye 
cooperation, spatial vision conversion ability, and a certain degree of B-scanning ability and establish the concept of 
three-dimensional resection in such a specific setting, it’s the key factor to improve the student operation ability.

Second, the SBS training method was used for Group A, providing more communication opportunities between 
students and teachers. Teachers were required to explain the details of each step and refine each step of the teaching 
details.24 Which was helpful to improve the teaching quality. The teacher completed the main steps of the operation, and 
the students recorded the case and asked questions during the demonstration, which provided more interaction between 
the students and the teacher to promote the change from teacher-centered to student-oriented. Meanwhile, students could 
discuss with the teacher after surgery to better complete the learning goals, which increased students interest and 
satisfaction.

In addition, the SBS method improved students’ puncture accuracy and increased surgical operation proficiency by 
providing sufficient training opportunities for students. Through the postoperative ward round, students could analyze 
possible complications and propose solutions, and then teacher corrected analysis deviations, which enhanced students’ 
self-confidence in learning.

Conclusion
The SBS method in the teaching of UMIBS enhanced the students’ interest in learning and clinical thinking and 
improved the technique skills. In the study, the teacher’s assistant organized the distribution, collection and verification 
of the questionnaire before and after the lecture. The training and the observation time of training effects is relatively 
short, and a longer follow-up duration of assessment is needed. Another limitation is nonrandomized grouping. In the 
future, it is necessary to expand multicenter and randomized clinical research to further confirm the practicality and 
advantages of this teaching method with a further improved perspective.
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