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Background and objectives: This study aims to dynamically evaluate the learning 
curve of anesthesiology residents’ mastery of ultrasound-guided caudal epidural 
block (US-CEB) through cumulative summation (CUSUM) analysis, providing a 
quantitative basis for optimizing the training program.
Methods: After ethical approval and registration, 10 novice anesthesiology 
residents underwent standardized training in US-CEB. Over 4 months, each 
of 10 residents performed 30 procedures, totalling 300 cases on 300 patients 
undergoing perineal and sacrococcygeal surgeries. The CUSUM analysis was 
applied to measure performance in terms of success rates, procedural times 
and self-confidence score.
Results: The learning curve had two phases: rapid skill acquisition followed by 
a plateau indicating proficiency. The median time for participants to identify 
landmarks was 49.5 s, and the US-CEB procedure took 146.6 s. Landmark 
identification skills plateaued after about 9 procedures, US-CEB skills after 11, 
and self-confidence after 13. Polynomial modeling showed a strong non-linear 
relationship between procedures and performance, with high R2 values.
Conclusion: The study shows that US-CEB can be learned quickly with targeted 
training. A structured initial training and deliberate practice help residents 
master ultrasound-guided sacral canal block procedures. As operators improve 
their skills, their confidence increases, fostering continuous development and 
mastery.
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Introduction

The pursuit of medical expertise constitutes a lifelong endeavor, with residency training 
serving as a pivotal component of this educational continuum (1). In the field of anesthesiology, 
residents are required to master a diverse array of clinical skills healthcare (2, 3). Ultrasound-
guided regional anesthesia has revolutionized regional anesthesia by offering real-time 
imaging that enhances the precision and safety of procedures, significantly improving 
anesthesia safety and transforming nerve block education. With ultrasound guidance, the 
anatomy, puncture techniques, and skills are now more accessible and comprehensible to 
students compared to the traditional blind puncture methods. This has not only facilitated a 
more straightforward learning process for students but also increased practice efficiency and 
patient safety.
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Mastery of clinical skills, especially within the realm of anesthesia, 
has historically been conceptualized through the “learning curve” 
framework (4). In the field of anesthesiology, the importance of the 
learning curve is particularly evident in mastering procedural skills 
like tracheal intubation (5) and epidural anesthesia (6). While learning 
curves for ultrasound-guided peripheral nerve blocks have been 
extensively documented (7), the specific learning pathway for 
ultrasound-guided caudal epidural block (US-CEB), which involves 
distinct anatomical challenges such as identifying the sacral hiatus and 
navigating the sacrococcygeal ligament, remains poorly characterized. 
This journey toward competency is iterative, necessitating a cycle of 
practice, feedback, and refinement. The specific learning curve for 
US-CEB remains insufficiently studied, and a clearer understanding 
is essential for developing effective training modules aimed at 
enhancing patient safety and improving anesthesiologists’ skill levels.

Research has shown that ultrasound imaging can significantly 
enhance the success rate of caudal blocks, especially in patients with 
difficult surface anatomic landmarks (8). The ability to visualize the 
anatomy in real-time allows practitioners to make more informed 
decisions regarding needle placement, thereby reducing the number 
of attempts required for successful dural puncture (8). In addition to 
improving success rates, ultrasound guidance also aids in 
understanding the dynamics of local anesthetic spread within the 
epidural space. Observational studies have documented patterns of 
secondary spread and redistribution of local anesthetics, which are 
critical for optimizing the effectiveness of the block (9).

Despite the advantages of US-CEB, the transition to this technique 
requires a significant learning curve, demanding the acquisition of 
both technical and interpretative skills. Residents must not only 
perform the block with technical proficiency but also accurately 
interpret the ultrasound images, a process that is complex and requires 
extensive practice and feedback.

The Cumulative Summation Analysis (CUSUM) has emerged as 
a valuable tool in medical education for evaluating the learning curves 
of various procedures (10). It provides a graphical representation of 
progress over time by plotting the cumulative sum of performance 
deviations from a target level, offers a visual representation of an 
individual’s progress toward a defined level of competence (10).

The objective of this study is to utilize CUSUM analysis to assess 
the learning curve of US-CEB, with a specific focus on landmarks 
identification, US-CEB procedural times, and self-confidence of 
residents. Through this analysis, this study aims to make a valuable 
contribution to training programs that enhance patient safety and 
improve the skill level of anesthesiologists performing 
US-CEB procedures.

Methods

This study was approved by the Ethics Committee of the Fourth 
Affiliated Hospital of Zhejiang University Medical College (Yi Wu, 
People’s Republic of China) (NO: KY-2024-030). The trial was 
registered with the Clinical Trial Registry in the 03/07/2024 (No: 
NCT06290752). The period of enrollment was from March 2024 to 
July 2024, 30 consecutive cases were selected for each of 10 
anesthesiology residents, totaling 300 cases. All residents had 
comparable foundational training in ultrasound but were novices in 
terms of hands-on experience with US-CEB and CEB, ensuring a level 

starting point in their technical knowledge. This study received 
approval from the institutional review board, and written informed 
consent was obtained from all participants to ensure adherence to 
ethical standards and respect for participant autonomy.

A total of 300 patients scheduled for elective anal fistulectomy or 
hemorrhoidectomy were chosen based on specific criteria: age 18–65, 
ASA physical status I to II, and BMI 18–35 kg/m2. Exclusion criteria 
included local infection, hypersensitivity to local anesthetics, and 
preexisting neuralgic or spinal disease.

Training and study

Upon being admitted to the anesthesiology department, the 10 
novice anesthesiology residents were introduced to a comprehensive 
training program designed to equip them with the essential skills for 
US-CEB procedures. The training began with technical guidance 
provided by an experienced attending physician special in the field. 
This initial phase aimed to acquaint the residents with the theoretical 
aspects and practical nuances of the procedure.

Following, the residents were presented with a detailed operation 
video that demonstrated the US-CEB procedure in its entirety. This 
visual aid effectively facilitated the residents to observe the intricate 
steps involved in the process, from patient preparation to landmarks 
Identification and final puncture by ultrasound. The video was 
thoughtfully curated to accentuate the critical elements that are often 
challenging for novices to grasp.

In addition to the video, the residents were also provided with the 
opportunity to observe a live clinical operation demonstration 
conducted by the same experienced instructor. This hands-on 
observation was crucial for the residents to correlate the theoretical 
knowledge and video observations with real-life clinical scenarios. The 
live demonstration enabled the residents to observe the instructor’s 
techniques, decision-making processes, and how they adapted to 
unforeseen challenges that may arise during the procedure.

Ultrasound-guided caudal block procedure

The US-CEB procedures were performed in a standardized 
manner to ensure consistency across all practitioners. All patients 
were placed in the prone position with a pillow under the pelvis. The 
skin over the sacral area was prepared with antiseptic solution, and 
sterile drapes were applied. Residents received hands-on instruction 
using a high-frequency linear array probe (6–15 MHz, HFL50x, 
Fujifilm SonoSite). Residents received hands-on instruction in 
ultrasound optimization: depth adjustment, gain settings, focus 
positioning, and color Doppler activation to identify vascular 
structures. Trainees practiced pre-scanning adjustments on 
standardized patients to achieve optimal visualization of sacral 
landmarks prior to live procedures.

The ultrasonic probe was positioned in a transverse orientation to 
visualize the bilateral sacral horn, sacral caudal ligament, and sacrum, 
as well as to identify the sacral hiatus, which resembles a frog’s face 
(Figure 1A). Subsequently, the ultrasonic probe was rotated 90 degrees 
to obtain a longitudinal view of the sacral hiatus, sacral caudal 
ligament, and sacrum (Figure 1B). A 20-gauge, 80-mm needle was 
then inserted in-plane with the ultrasound probe, targeting the sacral 
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hiatus through the sacrococcygeal ligament. Real-time ultrasound 
guidance was used to visualize the needle as it advanced through the 
sacrococcygeal ligament and into the epidural space, which allowed 
me to see the needle’s entire length, as well as loss of resistance 
technique using saline. The needle then was further gently advanced 
0.5 cm (Figure 1C) to avoid spinal puncture. Once the needle tip was 
confirmed to be in the epidural space, a test dose of 2 mL of saline was 
injected to ensure proper placement. Following confirmation, 20 mL 
of 0.375% ropivacaine (Naropin; AstraZeneca, Sodertalje, Sweden) 
was administered slowly, with continuous ultrasound monitoring to 
ensure even distribution of the anesthetic. The efficacy of the block 
was evaluated by assessing sensory and motor blockade in the 
pertinent dermatomes.

Quality control

The learning curve for US-CEB is influenced by several factors, 
including the operator’s prior experience with ultrasound imaging, the 
complexity of the patient’s anatomy, and the specific techniques 
employed during the procedure.

In a study investigating the learning curve, residents who had no 
prior experience in ultrasound. All residents are trained by the same 
senior teacher. To ensure a controlled and unbiased study, a 
preliminary assessment was conducted by a highly skilled physician. 
This expert utilized ultrasonography to identify sacral canal 

anatomical landmarks for each patient. This step was crucial for 
standardizing the patient cohort and ensuring uniformity in the study. 
Additionally, this process allowed for the exclusion of patients 
presenting with any anatomical variations that could potentially skew 
the results. By maintaining a consistent and rigorous selection 
criterion, the study aimed to minimize variability and enhance the 
reliability of the findings.

Collected variables

The following variables were collected for each US-CEB 
procedure: (1) Patient demographics (age, gender, BMI, ASA status). 
(2) Success rate of the block (defined as effective anesthesia for 
surgery). (3) The landmarks Identification time: defined as the time 
from the contact of the ultrasound probe with the patient to correctly 
identify short-axial the frog’s face sign and the long-axial sacral lumen. 
(4) US-CEB procedure time: defined as the time from the contact of 
the needle with the patient to the sacrococcygeal ligament and into the 
epidural space. (5) Procedure self-confidence was scored by the 
operating resident immediately after each block using a 10-point scale 
(1: very low confidence; 10: very confident). While self-assessment 
introduces subjectivity, this approach is validated in skill-acquisition 
studies and reflects the operator’s perceived readiness for independent 
practice (11, 12). Complications (dural puncture, intravascular 
injection, incomplete block). All were recorded with stopwatch by 
teacher in the same area. The learning curve was plotted with the 
average time at the same number of 10 novice anesthesiology residents.

Statistical analysis

Descriptive statistics were used to summarize patient 
demographics and procedural variables. Continuous variables were 
expressed as mean ± standard deviation (SD), and categorical variables 
were expressed as frequencies and percentages. Based on the 
pre-experimental data [α = 0.05, β = 0.2, effect size d = 0.8 (13)], 
calculated by G*Power 3.1, each group requires at least 9 operations. 
To account for inter-operator variability and ensure robust phase 
identification in CUSUM analysis, we expanded the sample size to 30 
procedures per resident-a common threshold in procedural learning 
curve studies (consistent with findings by Barrington (7), who used 
30 cases to stabilize learning curve estimates in ultrasound-guided 
brachial plexus blocks). All statistical analyzes were performed using 
IBM SPSS Statistics 29 (IBM Corp., Armonk, NY, United States). To 
evaluate the learning curve for US-CEB, the Cumulative Sum 
(CUSUM) analysis was employed.

CUSUM analysis

The CUSUM analysis is a robust method for assessing the 
acquisition of procedural skills, allowing for continuous monitoring 
of performance over time. In clinical practice, CUSUM monitors 
outcomes like complications or success rates, with the capacity to 
adjust for patient risk. It offers early warnings of performance changes, 
helping to maintain quality by addressing issues promptly. This 
method allows for proactive quality control, can be risk-adjusted for 

FIGURE 1

Typical ultrasound images of the sacral canal caudal block anatomy. 
(A) Short-axis views: frog’s face sign; (B) Long-axis views: staircase 
sign; (C) Ultrasound-guided intraplanar puncture technique for 
sacral canal block.
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patient variability, and aims to maintain service quality by detecting 
issues early. To assess the potential for overfitting and evaluate the 
generalizability of the polynomial models, we  performed leave-
one-out cross-validation (LOOCV). The cross-validated R2 (R2_cv) 
values are reported alongside the standard R2 to provide a more robust 
estimate of model performance. The CUSUM method was used to 
analyze the learning curve. First, the patients were placed in 
chronological order from the earliest to the latest date of surgery. Data 
for each patient in the series were plotted on a chart from left to right 
on the horizontal axis. The CUSUM of the operation time (CUSUM 
CUSUMOT) was defined as follows:

	 ( )µ=
= −∑ 1

n
OT iiCUSUM x

where xi is the patient’s individual operation time and μ is the 
mean overall operation time of all patients. Thus, CUSUMOT of the 
first patient was the difference between the operation time for the first 
patient and the mean operation time for all patients. This recursive 
process was continued until CUSUM CUSUMOT of the last patient was 
calculated as zero. The learning curve with respect to the landmarks 
Identification time and the US-CEB operation time was represented 
intuitively and determined by plotting the outcomes on the CUSUM 
curve. The inflection point (proficiency threshold) of the CUSUM 
curve was identified via visual inspection of the slope transition, 
supported by the Chow test to confirmed a significant difference in 
regression coefficients before and after the proposed inflection points 
(p < 0.01 for all three metrics: landmark identification, procedural 
time, and self-confidence). Risk-adjusted CUSUM parameters were 
defined as follows: Acceptable failure rate p0 = 0.20 (based on novice 
performance benchmarks); Unacceptable failure rate p1 = 0.40 (twice 
p0); Type I  error α = 0.05, Type II error β = 0.10; Reference value 
k = 0.5, Decision limit h = 4.77. These yield an in-control Average Run 
Length (ARL₀) of 200 procedures when the true failure rate is 20%, 
ensuring low false-alarm risk. The CUSUM values were plotted against 
the number of procedures performed by each anesthesiologist. The 
plot provides a graphical representation of the learning curve, with the 
x-axis representing the number of procedures and the y-axis 
representing the CUSUM value.

Phases of learning curve

The learning curve was divided into two phases based on the 
CUSUM plot: Initial Phase: Characterized by high variability in 
procedure time and frequent deviations from the proficiency. 
Proficiency Phase: Marked by a steady decline in the CUSUM value, 
indicating increasing proficiency and minimal deviations from 
the target.

Results

This study involved a cohort of 10 anesthesiology residents who 
held comparable bachelor’s degrees in anesthesiology and underwent 
identical foundational training. Pre-study assessments confirmed 
uniform baseline US-CEB inexperience. While individual aptitude 
may vary, our standardized curriculum and supervised practice 

mitigated confounding effects of self-learning variability. The study 
was conducted over a period of 4 months, during which each 
anesthesiologist performed a minimum of 30 US-CEB procedures. 
The patient population included in this study consisted of 300 
individuals undergoing perineal and sacrococcygeal surgeries. The 
demographic characteristics of the patients were as follows: the mean 
age was 43.6 years (range 24–65 years), with a gender distribution of 
65% male and 35% female. The inclusion criteria for patients were 
based on the type of surgery and the absence of contraindications for 
caudal block anesthesia. There were no significant differences in sex, 
age, height, weight or BMI of the patients being procedure by 
participants. The duration of the first and second inter-training 
sessions were 3.6 (1–7) days.

The median landmarks Identification time of all participants was 
49.5 s (22–259 s). The median US-CEB procedure time of all 
participants was 146.6 s (65–425 s). Additionally, two cases of 
transient local anesthetic intoxication, presenting as dizziness, were 
observed and resolved without the need for intervention.

Learning curve analysis and phase

The CUSUM CUSUMOT learning curve of scanning landmarks 
Identification time was best modeled as a third-order polynomial 
(parabola) with the following equation: CUSUM CUSUMOT (in 
seconds) = 5.893 × patient number3−12.045 × patient number2 + 
5.604 × patient number+8.352. This had a high R2 value of 0.975. 
According to the change in the slope shown in Figure 2, we divided 
the CUSUM learning curve into two unique phases: phase 1 (the 
initial 9 patients), phase 2 (the final 21 patients).

The CUSUM CUSUMOT learning curve of procedure time was 
best modeled as a third-order polynomial (parabola) with the 
following equation: CUSUM CUSUMOT (in seconds) = 5.568 × patient 
number3−11.494 × patient number2 + 5.568 × patient number + 
73.305. This had a high R2 value of 0.926. According to the change in 
the slope shown in Figure 3, we divided the CUSUM learning curve 
into two unique phases: phase 1 (the initial 11 patients), phase 2 (the 
final 19 patients).

The CUSUM CUSUMOT learning curve of self-confidence score 
operating was best modeled as a third-order polynomial (parabola) 
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CUSUMOT of scanning landmarks identification versus number of 
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with the following equation: CUSUM CUSUMOT (in 
seconds) = −3.329 × patient number3 + 9.072 × patient number2−5.377 
× patient number+8.152. This had a high R2 value of 0.998. According 
to the change in the slope shown in Figure 4, we divided the CUSUM 
learning curve into two unique phases: phase 1 (the initial 13 patients), 
phase 2 (the final 17 patients).

Table 1 compares the preoperative parameters among the two 
phases of US-CEB procedure learning curve. No significant differences 
were observed in any of the preoperative data (age, sex, weight, height, 
BMI). Thus, the patients in all two phases were considered comparable 
with respect to the preoperative data.

Table 2 compares residents’ performance among two learning 
curve phases for scanning landmarks identification, US-CEB 
procedure, and self-confidence score operating, which is significantly 
improved, with statistical significance. The scanning landmarks 
identification time decreased significantly between phase 1 (84 s; 
range, 38–122 s) and phase 2 (24.38 s; range, 21–25 s; p < 0.001) in the 
scanning landmarks identification learning curve. US-CEB procedure 
time decreased significantly between phase 1 (242.9 s; range, 
102–425 s) and phase 2 (98.45 s; range, 65–135 s; p < 0.001) in the 
US-CEB procedure learning curve. The self-confidence score 
increased significantly between phase 1 (5.12; range, 3.5–7.5) and 
phase 2 (9.36; range, 7.5–9.8; p < 0.05) in the self-confidence score 
learning curve.

Discussion

The primary aim of this study was to evaluate the learning curve 
of anesthesiologists performing ultrasound-guided caudal epidural 
blocks (US-CEB) using CUSUM (Cumulative Sum Control Chart) 
analysis.

The CUSUM analysis is a robust method for assessing the 
acquisition of procedural skills, allowing for continuous monitoring 
of performance over time. Our study demonstrated that novice 
residents, with no prior experience in US-CEB, were able to achieve a 
significant improvement in their procedural skills over a relatively 
short period. The median time for landmark identification and 
procedure execution decreased substantially from phase 1 to phase 2, 
indicating a steep learning curve. This is consistent with previous 
studies that have reported a rapid improvement in ultrasound-guided 
regional anesthesia skills with deliberate practice (7, 14). In this study, 

the learning curve for landmark identification plateaued after 
approximately 9 procedures, and for the US-CEB procedure itself after 
approximately 11 procedures. These results align with previous studies 
that have reported a similar number of cases required to achieve 
proficiency in ultrasound-guided regional anesthesia techniques. For 
instance, a study by Kollmann A et al. (13) showed that a plateau in 
performance was reached after performing around 12 ultrasound-
guided femoral nerve blocks.

The use of the Cumulative Summation Chart for Outcomes by 
Time (CUSUM) learning curve analysis allowed us to model the 
residents’ progress as a third-order polynomial, revealing two distinct 
phases of learning. This method is more sensitive than traditional 
linear regression in detecting changes in performance over time (15). 
The high R2 values (0.975 for landmark identification, 0.926 for 
procedure time, and 0.998 for self-confidence score) indicate a strong 
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CUSUMOT of US-CEB procedure time versus number of patients.
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CUSUMOT of self-confidence score operating versus number of 
patients.

TABLE 1  Preoperative parameters among the learning curve phases.

Phase 1 
(n = 110)

Phase 2 
(n = 190)

p value

Age (years) 43.32 (9.15) 44.37 (8.76) 0.14

Gender (%, 

male)

59.41 58.29 0.83

Height (cm) 162.94 (7.08) 163.63 (7.83) 0.70

Weight (kg) 60.27 (9.33) 62.43 (8.41) 0.32

BMI (kg/m2) 22.74 (3.50) 23.31 (2.79) 0.46

kg, kilogram; cm, centimeter; BMI, body mass index; References.

TABLE 2  Two learning curve phases for scanning landmarks 
identification, US-CEB procedure, and self-confidence score operating.

Phase 1 Phase 2 p value

Scanning landmarks 

Identification time 

(sec)

84 (27.681) 24.38 (3.598) <0.001

US-CEB procedure 

time (sec)

242.9 (123) 98.45 (18.523) <0.001

Self-confidence score 

operating

5.12 (1.477) 9.36 (0.588) <0.05

US-CEB, ultrasound-guided continuous epidural block; sec, second.
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fit of the model to the data, validating the use of polynomial functions 
in analyzing learning curves. The parabolic shape of the curves 
indicates an initial rapid improvement followed by a plateau, which is 
typical of learning curves in procedural skills (16).

Dividing the learning curve into two phases, as evidenced by 
changes in the slope of the CUSUM curves, allows for a more nuanced 
understanding of the learning process (17). During the initial phase, 
residents experienced a steep decline in the time taken for both 
landmark identification and procedure execution. This rapid 
improvement can be attributed to the residents’ initial exposure to the 
technique and their focus on mastering basic skills such as probe 
handling, image acquisition, and needle guidance. The significant 
reduction in procedure time from phase 1 to phase 2 is indicative of 
the residents’ ability to integrate these skills into a coherent procedural 
workflow. This phase is critical for establishing foundational skills and 
confidence. In the second phase, the learning curve plateaus, 
suggesting that residents have reached a level of proficiency where 
further improvements are incremental. This phase is characterized by 
the refinement of motor skills and the development of situational 
awareness. The residents’ increased self-confidence, as evidenced by 
the significant rise in self-confidence scores, is a key indicator of their 
growing autonomy and readiness for independent practice. This 
division is useful in educational programs as it allows for targeted 
reinforcement of skills in the initial phase and consolidation of 
knowledge in the final phase (17).

The self-confidence scores of the residents increased with the 
accumulation of the number of operations (18). The self-confidence 
score learning curve suggests that the increase in self-confidence 
among trainees is closely related to their procedural experience. This 
is an important finding, as self-confidence is a critical factor in the 
transition from novice to expert. The fact that self-confidence 
continues to increase even after the plateau in procedural time 
suggests that ongoing experience and feedback contribute to a deeper 
understanding and mastery of the technique. Previous studies have 
similarly highlighted the importance of self-assessed confidence in 
skill acquisition (18).

The lack of significant differences in preoperative parameters (age, 
sex, weight, height, BMI) between the two phases of the US-CEB 
procedure learning curve indicates that the progression of learning 
was not influenced by patient characteristics. This finding is crucial as 
it suggests that the learning curve is a reflection of the trainee’s skill 
development rather than variations in the patient population. This 
consistency in patient demographics supports the validity of the 
learning curve analysis.

The absence of serious complications and the low incidence of 
transient local anesthetic intoxication in our study are encouraging. 
This suggests that the learning process did not compromise patient 
safety, which is a critical consideration in any training program. The 
findings underscore the importance of structured training and 
supervision in ensuring that procedural skills are acquired without 
compromising patient outcomes.

Our findings offer concrete data to inform the structure of 
regional anesthesia training. The learning phases we  identified 
suggest that trainees require a minimum of 9 to 11 supervised 
procedures to achieve basic technical proficiency in 
US-CEB. Therefore, we  recommend that training curricula 
mandate at least this number of proctored practices before allowing 
trainees to perform the procedure with minimal supervision. 

Furthermore, since self-confidence plateaued later than technical 
skill, educators should be  aware that a trainee’s technical 
competence may precede their confidence. Incorporating 
structured confidence assessments alongside technical metrics can 
provide a more holistic view of a trainee’s readiness for 
independent practice.

Limitation

Despite the considerable insights provided, our study on the 
learning curve of US-CEB has its inherent limitations. The relatively 
small sample size of residents and the single-center design limit the 
generalizability of our findings. Future studies with larger cohorts and 
multicenter designs are needed to validate our results. Additionally, 
long-term follow-up studies are required to assess the durability of the 
skills acquired during the learning phase. Additionally, exploring the 
impact of other factors such as trainee motivation, prior experience in 
anesthesia, and the role of mentorship in the learning process would 
enrich our understanding of the factors influencing skill acquisition 
in regional anesthesia.

In conclusion, the study demonstrates a relatively short learning 
curve for US-CEB, emphasizing the feasibility of proficiency 
achievement through focused training. The structured training 
program during the initial phase and the deliberate practice program 
in the subsequent stages provide pivotal guidance for residents 
learning the intricacies of ultrasound-guided sacral canal block 
procedures. As an operator’s skill set expands through learning and 
practice, their confidence in their abilities also grows, creating a 
positive cycle that supports ongoing skill development and mastery.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of the Fourth Affiliated Hospital of Zhejiang University 
Medical College (Yi Wu, People’s Republic of China) (NO: KY-2024-
030). The trial was registered with the Clinical Trial Registry in the 
03/07/2024 (No: NCT06290752). The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study. Written informed consent was obtained from 
the individual(s) for the publication of any potentially identifiable 
images or data included in this article.

Author contributions

DM: Writing – original draft, Conceptualization, Writing – review 
& editing, Funding acquisition. PC: Visualization, Data curation, 
Writing – original draft. JX: Conceptualization, Writing – review & 
editing, Methodology.

https://doi.org/10.3389/fmed.2025.1624205
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Ma et al.� 10.3389/fmed.2025.1624205

Frontiers in Medicine 07 frontiersin.org

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was supported 
by Medical Scientific Research Foundation of Zhejiang Province, 
China (2022KY876), Foundation of Zhejiang Provincial Education 
Department (Y202146994), and the education and teaching reform 
project of the Fourth Affiliated Hospital of Zhejiang University School 
of Medicine (JG20250212).

Acknowledgments

The authors would like to acknowledge all of the staff who assisted 
this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The handling editor DS declared a shared parent affiliation with 
the authors at the time of review.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
	1.	McAdams CD, McNally MM. Continuing medical education and lifelong learning. 

Surg Clin North Am. (2021) 101:703–15. doi: 10.1016/j.suc.2021.05.015

	2.	Tsui BC, Suresh S. Ultrasound imaging for regional anesthesia in infants, children, 
and adolescents: a review of current literature and its application in the practice of 
neuraxial blocks. Anesthesiology. (2010) 112:719–28. doi: 
10.1097/ALN.0b013e3181c5e03a

	3.	Willschke H, Marhofer P, Bösenberg A, Johnston S, Wanzel O, Sitzwohl C, et al. 
Epidural catheter placement in children: comparing a novel approach using ultrasound 
guidance and a standard loss-of-resistance technique. Br J Anaesth. (2006) 97:200–7. doi: 
10.1093/bja/ael121

	4.	Nakanishi T, Sakamoto S, Yoshimura M, Fujiwara K, Toriumi T. Learning curve of 
i-gel insertion in novices using a cumulative sum analysis. Sci Rep. (2023) 13:7121. doi: 
10.1038/s41598-023-34152-5

	5.	Cai X, Yue M, Liu X, Zhang L, Wu S, Shen W, et al. Learning curve for flexible 
bronchoscope-guided orotracheal intubation for anesthesiology residents: a cumulative 
sum analysis. PLoS One. (2023) 18:e0288617. doi: 10.1371/journal.pone.0288617

	6.	Naik VN, Devito I, Halpern SH. Cusum analysis is a useful tool to assess resident 
proficiency at insertion of labour epidurals. Can J Anaesth. (2003) 50:694–8. doi: 
10.1007/bf03018712

	7.	Barrington MJ, Viero LP, Kluger R, Clarke AL, Ivanusic JJ, Wong DM. Determining 
the learning curve for acquiring Core sonographic skills for ultrasound-guided axillary 
brachial plexus block. Reg Anesth Pain Med. (2016) 41:667–70. doi: 
10.1097/AAP.0000000000000487

	8.	Chin KJ, Perlas A, Chan V, Brown-Shreves D, Koshkin A, Vaishnav V. Ultrasound 
imaging facilitates spinal anesthesia in adults with difficult surface anatomic landmarks. 
Anesthesiology. (2011) 115:94–101. doi: 10.1097/ALN.0b013e31821a8ad4

	9.	Lundblad M, Eksborg S, Lönnqvist PA. Secondary spread of caudal block as 
assessed by ultrasonography. Br J Anaesth. (2012) 108:675–81. doi: 10.1093/bja/aer513

	10.	Lombardi PM, Mazzola M, Veronesi V, Granieri S, Cioffi SPB, Baia M, et al. 
Learning curve of laparoscopic cholecystectomy: a risk-adjusted cumulative summation 
(RA-CUSUM) analysis of six general surgery residents. Surg Endosc. (2023) 37:8133–43. 
doi: 10.1007/s00464-023-10345-x

	11.	Park H, Cho H. Effects of a self-directed clinical practicum on self-confidence and 
satisfaction with clinical practicum among south Korean nursing students: a mixed-
methods study. Int J Environ Res Public Health. (2022) 19:5231. doi: 
10.3390/ijerph19095231

	12.	Geoffrion R, Lee T, Singer J. Validating a self-confidence scale for surgical trainees. 
J Obstet Gynaecol Can. (2013) 35:355–61. doi: 10.1016/S1701-2163(15)30964-6

	13.	Kollmann-Camaiora A, Brogly N, Alsina E, Gilsanz F. Use of the cumulative sum 
method (CUSUM) to assess the learning curves of ultrasound-guided continuous femoral 
nerve block. Rev Esp Anestesiol Reanim. (2017) 64:453–9. doi: 10.1016/j.redar.2017.02.005

	14.	Vial F, Mory S, Guerci P, Grandjean B, Petry L, Perrein A, et al. Evaluating the 
learning curve for the transversus abdominal plane block: a prospective observational 
study. Can J Anaesth. (2015) 62:627–33. doi: 10.1007/s12630-015-0338-7

	15.	Neal JM. Ultrasound-guided regional anesthesia and patient safety: update of an 
evidence-based analysis. Reg Anesth Pain Med. (2016) 41:195–204. doi: 
10.1097/aap.0000000000000295

	16.	Howard N, Edwards R, Boutis K, Alexander S, Pusic M. Twelve tips for using 
learning curves in health professions education research. MedEdPublish. (2016) 13:269. 
doi: 10.12688/mep.19723.1

	17.	Pusic MV, Boutis K, Pecaric MR, Savenkov O, Beckstead JW, Jaber MY. A primer 
on the statistical modelling of learning curves in health professions education. Adv 
Health Sci Educ Theory Pract. (2017) 22:741–59. doi: 10.1007/s10459-016-9709-2

	18.	Park SS, Park SC, Kim H, Lee DE, Oh JH, Sohn DK. Assessment of the learning 
curve for the novel transanal minimally invasive surgery simulator model. Surg Endosc. 
(2022) 36:6260–70. doi: 10.1007/s00464-022-09214-w

https://doi.org/10.3389/fmed.2025.1624205
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.suc.2021.05.015
https://doi.org/10.1097/ALN.0b013e3181c5e03a
https://doi.org/10.1093/bja/ael121
https://doi.org/10.1038/s41598-023-34152-5
https://doi.org/10.1371/journal.pone.0288617
https://doi.org/10.1007/bf03018712
https://doi.org/10.1097/AAP.0000000000000487
https://doi.org/10.1097/ALN.0b013e31821a8ad4
https://doi.org/10.1093/bja/aer513
https://doi.org/10.1007/s00464-023-10345-x
https://doi.org/10.3390/ijerph19095231
https://doi.org/10.1016/S1701-2163(15)30964-6
https://doi.org/10.1016/j.redar.2017.02.005
https://doi.org/10.1007/s12630-015-0338-7
https://doi.org/10.1097/aap.0000000000000295
https://doi.org/10.12688/mep.19723.1
https://doi.org/10.1007/s10459-016-9709-2
https://doi.org/10.1007/s00464-022-09214-w

	Learning curve of ultrasound-guided caudal epidural block: a CUSUM pivotal analysis
	Introduction
	Methods
	Training and study
	Ultrasound-guided caudal block procedure
	Quality control
	Collected variables
	Statistical analysis
	CUSUM analysis
	Phases of learning curve

	Results
	Learning curve analysis and phase

	Discussion
	Limitation


	References

