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Abstract

Background: Point-of-care ultrasound (PoCUS) enhances clinical assessment and decision-making, but undergraduate integration remains inconsistent, especially in low- and middle-income countries. Barriers include limited faculty training, ultrasound access and the absence of standardised curricula.

Aim: This study evaluated the impact of a structured PoCUS training programme on medical students’ knowledge, attitudes and practical utilisation of PoCUS.

Setting: The study was conducted at the University of the Witwatersrand, Johannesburg.

Methods: A quasi-experimental study was conducted among final-year medical students (n = 70). Participants attended a 1-day PoCUS workshop featuring didactic lectures and hands-on training between April 2024 and September 2024. Pre-course questionnaires assessed PoCUS usage, attitudes and knowledge. Post-training questionnaires were completed 6 weeks later. Paired tests were used, with significance set at p < 0.05.

Results: Point-of-care ultrasound usage significantly increased following training (p < 0.001). Supervised usage increased from 37.1% to 47.1%, while passive observation decreased from 47.1% to 14.3%, and independent use remained static (1.4%). Attitudes improved, with greater recognition of PoCUS value in clinical practice (mean score: 6.00 to 6.63; p < 0.001) and procedural safety (mean score: 6.70 to 6.83; p < 0.05). Knowledge scores improved across domains (p < 0.001), particularly in vascular access (47.6% to 64.8%) and eFAST (51.4% to 67.7%).

Conclusion: Structured PoCUS training improves undergraduate knowledge and clinical application, but limited mentorship and ultrasound access hinder independent use.

Contribution: Future research could explore strategies for longitudinal curriculum integration, postgraduate knowledge and skill retention and the broader impact of PoCUS training on clinical outcomes.
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Introduction

Point-of-care ultrasound (PoCUS) is widely recognised as a valuable tool in modern medicine, enhancing diagnostic accuracy and procedural safety across multiple specialities.1 Its real-time imaging capabilities reinforce anatomical understanding, improve physical examination skills and support clinical decision-making.2 Accordingly, many high-income countries (HICs) have successfully integrated structured PoCUS training into undergraduate medical curricula.3,4

In contrast, South Africa lacks standardised PoCUS education, resulting in limited student exposure before entering clinical practice.5 This absence of structured training may compromise junior doctors’ early proficiency, particularly in resource-limited settings where advanced imaging is not readily available.6 Although early exposure to PoCUS has been shown to improve competency, confidence and diagnostic accuracy in medical trainees,7,8 broader implementation in low- and middle-income countries (LMICs) is hindered by barriers such as insufficient faculty training, limited curriculum capacity and constrained access to ultrasound equipment.9

Globally, several postgraduate frameworks have formally recognised the importance of PoCUS. The American Board of Medical Specialities included PoCUS in certification requirements in 2021, with formal assessment introduced in 2022.10 Similarly, the Accreditation Council for Graduate Medical Education (ACGME) mandates PoCUS training in core applications such as echocardiography and image-guided procedures.11 In Canada, structured postgraduate programmes train residents in cardiac, lung, airway and gastric ultrasound.12 While these initiatives are aimed at postgraduate trainees, they reflect a broader shift towards recognising PoCUS as a core clinical skill, supporting calls for its integration earlier in medical education to establish foundational competency.

In South Africa, professional bodies such as the Emergency Medicine Society of South Africa (EMSSA) and the South African Society of Anaesthesiologists (SASA) advocate standardised PoCUS education. The EMSSA’s current guidelines primarily address credentialling for clinicians and junior doctors.4 While these recommendations do not extend to undergraduates, they highlight a growing national consensus around the value of PoCUS. However, a structured undergraduate training framework and competency assessments remain absent.4,13

International guidelines recommend incorporating PoCUS into undergraduate medical curricula to enhance clinical training.2,14 A systematic review by Davis et al.,3 which analysed 95 studies, found ultrasound training most commonly part of anatomy (24%), physical examination (11%) and emergency medicine (8%) courses.

Despite these advances, consensus on the optimal model for PoCUS training remains elusive.15,16 Curricula vary widely, incorporating didactic lectures and hands-on training, with durations ranging from brief workshops to longitudinal courses.3,17,18,19,20,21 Barriers, including curriculum constraints, faculty shortages and equipment limitations, continue to impede implementation in South Africa and globally.5,22,23

Wells et al.4 noted that insufficient PoCUS exposure during South African medical training reduces clinical competency among junior doctors. Addressing these gaps by structured curricular integration and faculty development is essential. However, limited research exists evaluating the impact of PoCUS training at the undergraduate level in South Africa.5,24

This study evaluates a structured PoCUS training programme implemented at the University of the Witwatersrand. It assesses the programme’s impact on final-year medical students’ knowledge, attitudes and clinical application. As one of the few studies conducted in an LMIC context, its findings may help inform national curriculum development, support the early integration of PoCUS into undergraduate education and guide implementation strategies in similar resource-constrained environments.

Research methods and design

Research design

A prospective, quasi-experimental, one-group pre-test-post-test study design was used to evaluate the impact of a structured PoCUS training course on final-year medical students at the University of the Witwatersrand. Identical questionnaires were administered at baseline and 6 weeks post-intervention to assess changes in participants’ knowledge, attitudes and use of PoCUS.

Study population and sampling

Final-year medical students enrolled in a multidisciplinary clinical rotation (anaesthesia, emergency medicine, trauma, orthopaedics and public health) were recruited by convenience sampling until the target sample size of 70 was reached. Participation was voluntary, and no exclusion criteria were applied.

Sample size calculation

Sample size estimation was conducted using G*Power 3.1.9.7, guided by the study design and parameters used in a comparable PoCUS education study.25 While the specific assumption of a 20% improvement in post-training knowledge scores was not drawn from that study, it reflects a conventional benchmark commonly applied in educational pre-test-post-test evaluations. Based on this assumption, a minimum of 64 participants was required to achieve 80% power with a two-tailed α of 0.05. The target sample size was increased to 70 to allow for potential attrition.

Questionnaire development and data collection

Participants received a secure REDCap link before training, which included the study information, an electronic consent form and a demographic questionnaire. Only minimal personal information was collected for scheduling purposes, and all identifying data were anonymised during analysis.

Structured questionnaires and multiple-choice knowledge assessments were developed based on established literature and aligned with recognised PoCUS training standards. With permission, the knowledge assessment was adapted from the EMSSA Level 1 PoCUS materials. The assessment was reviewed by subject matter specialists in emergency medicine, anaesthesia and critical care to ensure content validity.

The final assessment included 26 multiple-choice questions (MCQs) covering PoCUS principles (n = 3), knobology and image acquisition (n = 10), eFAST (n = 10) and ultrasound-guided vascular access (n = 3). The pre-course questionnaire assessed baseline PoCUS knowledge, attitudes and prior use. The same questionnaire was administered 6 weeks after training to evaluate knowledge retention and continued skill application.

Training intervention

The PoCUS training workshop was delivered as a structured, single-day programme conducted over four Saturdays between April 2024 and September 2024. Attendance was capped at 30 students per session to maximise hands-on experience and ensure individualised feedback. Actual session attendance ranged from 16 to 28 students (mean 20), allowing small rotating groups and consistent hands-on exposure.

Each workshop included didactic lectures covering ultrasound fundamentals, knobology, image interpretation and vascular access. This was followed by supervised hands-on training and practice sessions using healthy volunteer live models and vascular access phantoms. The instructor-to-student ratio was maintained at approximately 1:8.

A total of six ultrasound machines were available per session to facilitate hands-on training. Equipment included wireless handheld and portable cart-based ultrasound systems. Devices and consumables were sponsored by Zebra Medical, while additional ultrasound machines were provided by the Department of Anaesthesiology. Vascular access phantoms were supplied by EMSSA.

The workshops were facilitated by specialists certified in PoCUS from the Departments of Emergency Medicine, Anaesthesia and Critical Care. During hands-on sessions, facilitators provided real-time formative feedback aligned with the EMSSA Level 1 PoCUS training checklist to guide technical performance.

Data analysis

Data were anonymised and analysed using Statistical Package for Social Sciences (SPSS) version 27, with statistical significance set at p < 0.05. Descriptive statistics summarised demographic characteristics, response frequencies and mean scores for knowledge and attitude. The normality of continuous variables was assessed using the Kolmogorov-Smirnov test, supplemented by visual inspection of histograms and quantile-quantile (Q-Q) plots.

For normally distributed data, paired-sample t-tests were used to compare pre- and post-training scores. When normality assumptions were violated, the Wilcoxon signed-rank test was applied. Categorical variables – such as PoCUS usage frequency and application awareness – were analysed using McNemar’s or Fisher’s exact test, as appropriate.

Ethical considerations

Ethical approval was obtained from the Human Research Ethics Committee (Medical) (HREC-M) at the University of the Witwatersrand (Clearance certificate M231025). All participants provided written informed consent before enrolment. Participation was voluntary, with the right to withdraw at any time without penalty. Confidentiality was upheld by anonymous data collection and secure electronic storage.

Results

A total of 124 final-year medical students volunteered for the study. Of these, 76 attended the in-person PoCUS workshop and completed the baseline questionnaire. Seventy students (92.1%) also completed the follow-up questionnaire and were included in the final analysis, preserving the integrity of the one-group pre-test-post-test design.

Figure 1 and Figure 2 illustrate changes in students’ PoCUS usage patterns and frequency following the training intervention. The proportion of students who reported engaging in supervised hands-on scanning or simulation-based practice increased (p < 0.05), and the number of students with no prior exposure or who had only observed PoCUS decreased. Additionally, the frequency of PoCUS use increased, with more students reporting weekly or more frequent practice post-training (p < 0.05).
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Figure 3 displays reported use of specific PoCUS applications before and after training, based on free-text responses subsequently grouped into clinical domains. In addition to reported use, students were asked to identify PoCUS applications with which they were familiar. Before training, awareness was highest in obstetrics and gynaecology (18.6%), while 4.3% of students reported no knowledge of any PoCUS applications. Overall, awareness increased post-training, with the proportion of students reporting no awareness decreasing to 1.4%. Notable increases were observed in awareness of trauma and emergency medicine applications (from 8 to 18 students) and vascular access (0 to 14 students). Despite these improvements, reported post-training PoCUS application use remained concentrated in eFAST and vascular access (p < 0.01).
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Figure 4 summarises changes in students’ perceptions of PoCUS. At both time points, PoCUS was consistently rated as a valuable clinical tool, particularly for enhancing physical examination skills and improving patient safety. Post-training, a modest but statistically significant increase was observed in positive perceptions (p < 0.05), with more students strongly agreeing that PoCUS is relevant to their clinical development and should be integrated into undergraduate training.
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Figure 5 illustrates students’ PoCUS knowledge scores before and after the training. Baseline scores were low across domains, with significant post-training improvements observed (overall increase: 14.66%; p < 0.01). The most substantial gains were observed in questions related to vascular applications (from 47.6% to 64.8%) and eFAST (from 51.4% to 67.7%).
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Satisfaction survey

Students rated the training programme highly, with mean Likert scale scores exceeding 6.6 out of 7 across all evaluated domains (p < 0.001). The highest-rated aspects were course relevance (6.76), organisation (6.76) and instructor feedback (6.71). Lectures (6.65) and the balance between content and workload balance (6.61) were also favourably reviewed. Qualitative feedback highlighted variability in teaching approaches and a desire for standardised feedback. Students also suggested additional learning resources (e.g. pre-reading materials and revision guides), more hands-on time and restructuring the course into multiple sessions for enhanced engagement and retention.

Discussion

PoCUS is increasingly recognised as a fundamental skill for modern clinicians, with growing evidence supporting its integration into undergraduate medical education.26 This study contributes to that body of work by demonstrating that a structured PoCUS training programme significantly improved final-year medical students’ knowledge, attitudes and use of ultrasound.

Supervised PoCUS use increased from 37.1% to 47.1%, while passive observation decreased from 47.1% to 14.3%. However, independent use remained static at 1.4%, suggesting that, despite improved knowledge and confidence, students may have lacked self-perceived competence to perform scans independently or encountered institutional barriers limiting clinical autonomy, highlighting the need for sustained supervision and accessible mentorship models. These findings align with prior research indicating that single-session training is insufficient for achieving long-term proficiency or independent clinical application.23,27

Implementation barriers remain particularly prominent in LMICs. In HICs, integration is typically facilitated by consistent mentorship, dedicated curricular time and widespread ultrasound machine availability.14 In contrast, PoCUS programmes in South Africa and similar LMICs are frequently constrained by limited resources, inconsistent faculty expertise and a lack of protected scanning time during clinical rotations.9,28 A national study from Denmark reported that, despite 95.7% of interns receiving formal PoCUS education, insufficient supervision and limited hands-on exposure impeded skill development.26 These findings highlight that equipment availability alone is inadequate and must be complemented by repeated hands-on practice, structured feedback and faculty development.24,26

Students demonstrated significantly improved perceptions of PoCUS post-training, recognising its value in enhancing procedural safety (p < 0.05), supporting physical examination skills (p < 0.05) and contributing to clinical decision-making (p < 0.001). However, post-training awareness and usage focused mainly on a narrow set of applications, particularly eFAST and vascular access. While these are often prioritised in acute care, the findings may reflect a lack of exposure to more diverse clinical applications. This highlights the need for multidisciplinary and longitudinal clinical integration to broaden competence across a wider range of PoCUS applications.3,15

The intervention’s interactive, hands-on design likely contributed to the observed improvements in knowledge and confidence, particularly in high-yield domains such as eFAST (51.4% to 67.7%) and vascular access (47.6% to 64.8%). These results echo previous findings that practical workshops outperform didactic teaching in promoting student engagement and knowledge retention.29,30 Nonetheless, concerns persisted regarding limited practical time and inadequate access to scanning machines during clinical rotations. In HICs, longitudinal PoCUS integration through embedded curricula and consistent clinical exposure has been shown to mitigate these barriers and support continued skill acquisition.15

Student satisfaction was high, with mean Likert scale ratings exceeding 6.6 out of 7 across all measured domains. Qualitative feedback revealed enthusiasm and a desire for extended practical sessions, additional learning resources such as pre- and post-course materials and greater consistency in teaching approaches among instructors. These insights are consistent with international literature, highlighting the global demand for structured, ongoing PoCUS education.17,31

Compared to established models in HICs, this study illustrates the unique implementation challenges in LMICs, particularly faculty shortages, limited equipment access and fragmented curricula. While even resource-rich settings face mentorship and time constraints, LMICs require scalable, context-specific solutions. These may include student-led ultrasound interest groups, peer-assisted learning models and shared-use mobile ultrasound machines.28 Low-cost simulation tools and asynchronous online modules may further enhance skill retention and accessibility. Collectively, these strategies could promote continuous learning and mitigate skill attrition without extensive resource investment.24,25

Limitations

While this study provides valuable insights into the impact of structured PoCUS training, several limitations must be acknowledged. The single-centre design may limit generalisability to other institutions with differing curricula, resources and training models. Additionally, the quasi-experimental, one-group pre-test-post-test study, although useful for tracking individual progression, lacked a control group, limiting causal inference. Furthermore, improvements in ultrasound usage may have been influenced by concurrent clinical exposure during the 6-week follow-up period, which could not be controlled for in this study design. Future studies incorporating a control cohort would strengthen internal validity.3

The follow-up period was limited to 6 weeks, restricting assessment to short-term outcomes. Prior research indicates that PoCUS knowledge and skills may decline over time without continued practice, suggesting a need for long-term follow-up into the postgraduate phase.27

Selection bias is another consideration, as students with a pre-existing interest in PoCUS may have been more likely to participate, potentially inflating the programme’s perceived effectiveness. Differences in session group sizes may have introduced minor differences in hands-on exposure. In addition, variability in faculty experience and teaching styles may have introduced inconsistency in the learning experience, despite efforts to standardise instructional content. Finally, while this study addresses a critical gap in undergraduate PoCUS training within LMICs, much of the comparative literature pertains to postgraduate clinicians.9 Therefore, extrapolations may not fully capture the unique educational needs of undergraduate students.

Conclusion

This study demonstrates that structured PoCUS training significantly enhances undergraduate medical students’ knowledge, attitudes and use of ultrasound, particularly in high-yield applications such as eFAST and vascular access. While these outcomes are encouraging, persistent challenges, including limited access to ultrasound machines, faculty variability and insufficient opportunities for ongoing practice, continue to hinder independent clinical application.

Medical curricula may adopt longitudinal models supported by structured mentorship, sustained clinical exposure and context-appropriate innovations such as peer-assisted learning and low-cost simulation to advance PoCUS integration in LMICs. As one of the few studies evaluating undergraduate PoCUS training in a resource-constrained setting, these findings offer valuable insights for medical educators and policymakers seeking to expand diagnostic capacity and ultrasound access in LMICs. Embedding PoCUS education early and consistently in undergraduate programmes is essential to prepare future clinicians for resource-sensitive, point-of-care decision-making.
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FIGURE 1: Impact of point-of-care ultrasound training on usage patterns (N = 70).
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Note: Post-training changes in PoCUS usage frequency. Weekly or more frequent PoCUS use
increased significantly after training (p = 0.0059).

POCUS, point-of-care ultrasound.

FIGURE 2: Impact of training on point-of-care ultrasound usage frequency
(N = 70).
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Note: Point-of-care ultrasound knowledge scores improved after training. Significant gains
were observed across all domains, with an overall increase of 14.66% (p < 0.01), especially
in vascular access (47.6% to 64.8%) and eFAST (51.4% to 67.7%).

POCUS, point-of-care ultrasound.

FIGURE 5: Impact of training on point-of-care ultrasound knowledge (N = 70).
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Note: Changes in student perceptions of PoCUS before and after training. Positive
perceptions remained high and improved significantly in several domains, including support
for undergraduate curriculum integration.

POCUS, point-of-care ultrasound.

FIGURE 4: Attitude towards point-of-care ultrasound pre- versus post-training
(N = 70).
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