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Abstract 

The digitization of medicine will play an increasingly significant role in future years. In particular, telemedicine, 
Virtual Reality (VR) and innovative Artificial Intelligence (AI) systems offer tremendous potential in imaging diagnos-
tics and are expected to shape ultrasound diagnostics and teaching significantly. However, it is crucial to consider 
the advantages and disadvantages of employing these new technologies and how best to teach and manage their 
use. This paper provides an overview of telemedicine, VR and AI in student ultrasound education, presenting current 
perspectives and controversies.
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Introduction
Incorporating ultrasound education into medical schools 
has become widespread worldwide [1–3]. This is reflected 
in a rapidly growing body of literature [4–11]. Both the 
European Federation of Societies for Ultrasound in Med-
icine and Biology (EFSUMB) [2] and the World Federa-
tion of Ultrasound in Medicine and Biology (WFUMB) 
issued position papers stating: “that ultrasound should 
be used systematically as an easily accessible and instruc-
tive educational tool in the curriculum of modern medical 
schools” [1, 12]. Furthermore, the Society of Ultrasound 
Medical Education (SUSME) and the World Interactive 
Network Focused on Critical Ultrasound (WINFOCUS) 
recently published an international consensus statement 
regarding this topic [11].

This article series aims to develop a core ultrasound 
curriculum. Such a core curriculum should be a step-
by-step open-access living document that is stead-
ily improving and expanding. The clinical topics and 
pathologies taught each semester should be reflected in 
the ultrasound course content. Arriving at a consensus 
on a core curriculum will be difficult because of national 
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differences in regulations, responsibilities, and curricula 
for medical studies and many different medical spe-
cialties, experiences, and opinions. This paper series is 
structured according to the categories of controversies 
in student ultrasound education (SUSE) and provides 
a discussion platform to allow input from universities, 
teachers, students, and regulatory bodies to debate these 
issues. The first part introduces the subject and provides 
a brief history of SUSE. Other parts discuss the role of 
teachers, students (including peer student teaching) and 
sonographers, didactic structures, knowledge and skill 
evaluation (theoretical and practical examination of 
learning success) and certification, learning materials, 
and surroundings, including skills labs and simulation, 
the role of measurements and knowledge of reference 
values, teaching pathological findings during SUSE, ethi-
cal issues and misinterpretations, and teaching interven-
tional procedures.

Role of Artificial Intelligence in student ultrasound 
education
In medical imaging, Artificial Intelligence (AI) represents 
a paradigm shift, particularly with the advent of deep 
learning algorithms capable of creating models directly 
from raw data. Ultrasound, as a widely accessible imaging 
modality, benefits significantly from AI integration, par-
ticularly with adjunct sonographic imaging features such 
as elastography, Doppler, and contrast applications.

AI is a term widely used to describe machine capabili-
ties that simulate human intelligence [13]. It have gained 
traction across various industries, including medicine, 
driven by advancements in processing power, notably the 
development of graphics processing units (GPUs) [14]. 
Enhancing the algorithms’ performance involves training 
the models with additional data, which can refine their 
analysis processes. However, in scenarios where the algo-
rithm impacts actual patient care, known as "software 
as a medical device," such enhancements occur through 
offline training rather than real-time adjustments.

Despite the benefits, the utilization of AI in medicine 
poses limitations and risks, as demonstrated by Lee et al. 
through their study involving chatbots like ChatGPT 
to address medical inquiries [15]. In the realm of medi-
cal imaging, a notable "paradigm shift" is underway due 
to significant advancements in AI. Deep learning algo-
rithms, characterized by their intricate networks of arti-
ficial neurons, represent the pinnacle of data-driven 
models. They possess the unique ability to construct 
models directly from raw data, rendering them especially 
adept for image analysis [16]. Unlike human interpreta-
tion, AI algorithms possess the capability to discern pat-
terns that may elude imaging specialists.

Ultrasound stands apart from other imaging tech-
niques because it is the most widely available cross-
sectional imaging worldwide and is likely the most 
cost-effective. In advanced ultrasound systems, AI soft-
ware is already assuming a pivotal role in image analysis 
by offering crucial applications [17]. These applications 
encompass pathology detection, diagnosis or classifica-
tion, guidance, and segmentation, thereby bolstering the 
accuracy of image analysis and supporting physicians in 
their diagnostic endeavor. For instance, an AI tool high-
lighting malignancy in focal liver lesions evaluated by 
contrast-enhanced ultrasound can improve the diagnos-
tic performance of a novice, reaching the results of an 
expert sonographer [18]. Similarly, a computer-aided-
diagnosis (CAD) for thyroid and breast lesions have been 
shown to augment diagnostic performance, elevating the 
accuracy of inexperienced clinicians to that of seasoned 
radiologists [19–21].

Due to ultrasound’s reliance on the operator’s skill and 
spatial abilities, AI algorithms can offer support to inex-
perienced operators by advising on probe handling and 
the identification of organs, vessels and other landmark 
structures. The AI’s information on whether an organ has 
been thoroughly examined can further assist the exami-
nation process [22–27].

New technologies have been integrated into radiol-
ogy workflow in clinical practice and education, in part 
driven by pressures for increased efficiency and cost-
effectiveness [28, 29]. Considering the rapid growth of 
AI applications in medical imaging, some warnings were 
sounded regarding the possible impact of AI on radiol-
ogy as a profession, estimating a progressive replace-
ment of radiologists or at least a significant restructuring 
of the work processes [30–32]. Nevertheless, it is widely 
agreed that radiologists should continue to receive train-
ing, including education on new AI technologies [29, 33]. 
Any transitions or adjustments to new AI-driven imaging 
paradigms will likely occur over many years. In a recent 
publication, Wang et al. reviewed medical students’ atti-
tudes toward AI. In their study, they pointed out that a 
minority of students thought AI would replace the radi-
ologist, but a majority feared AI would decrease the 
standards of their profession. Survey data shows that the 
anticipated impact of AI has deterred medical students 
from pursuing radiology as a career and has caused anxi-
ety among those who had considered it a future profes-
sion [29]. In the same review, they revealed that students 
who received AI-based teaching were more prone to pur-
sue a radiology profession than those without AI educa-
tion. Nevertheless, most medical students agree that AI 
training would enhance their careers and think that AI 
training should be part of their university education [34, 
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35]. Recently, the available literature on medical students’ 
expectations about the impact of AI on medical imag-
ing, training in diagnostic imaging, and the associated 
changes in the professional profile of radiologists and 
ultrasound specialists has been comprehensively summa-
rized [29, 36].

AI can be utilized in medical imaging and by extrapo-
lation in ultrasound to address various issues, such as 
decreasing missed diagnoses, increasing diagnostic preci-
sion, enhancing reconstructed image quality, and uncov-
ering image features that cannot be seen with the eye.

Arguments supporting AI in student education

• More time for teaching and research. By having AI 
take over repetitive tasks, physicians` workloads can 
be decompressed, with the resulting time savings 
being available for teaching medical students or resi-
dents and focusing on research [17].

• AI software can handle vast amounts of input data, 
thus providing ample training opportunities. Experi-
enced practitioners may accumulate vast knowledge 
throughout their careers by interpreting images. 
However, the number of cases on which they can 
base their decisions is limited. In comparison, com-
puters can be trained on massive datasets and have 
impeccable recall [28]. AI may assist in proper probe 
positioning and valid measurements in learning 
ultrasound techniques [23, 24]. Especially for ultra-
sound procedures that are difficult to learn, it has 
already been shown that using AI can facilitate train-
ees’ recognition of sonographic anatomy and shorten 
their learning curve [25–27].

• AI supports student-tailored ultrasound education. 
AI has numerous potential applications in ultra-
sound education, including the ability to gather 
large amounts of data on medical student and resi-
dent education, performance, and progress, custom-
ize education based on individual learning styles 
and needs, and enable precise, targeted education 
in ultrasound [37]. Moreover, the various aspects of 
educational AI, such as chatting features and real-
time discussion of topics, along with AI algorithms 
that can guide students through an entire examina-
tion, depict anatomy, and test pathology knowledge 
in the process, can all combine to replace many in-
person teaching requirements.

• Creates opportunities to combine teaching with dif-
ferent interactive games. Using AI in ultrasound edu-
cation offers new ways to engage medical students 
and enhance their learning efficiency. The gamifica-
tion of ultrasound training is becoming more preva-
lent in radiology education programs [38].

• Evaluate, follow-up, and offer feedback to students 
during the image acquisition. AI can first analyze 
a case and assign it to a student/resident who has 
reached certain milestones in their learning trajec-
tory. Later, it can assist students in examining related 
case reports and relevant literature. After discussion 
and review, the case will be added to the teaching file, 
and the competency profile can be updated as part of 
a real-time teaching file catalog [37, 39].

• Reducing inequity by reducing barriers and minimiz-
ing operator and patient dependency. AI-based ultra-
sound systems can help reduce barriers and provide 
a convenient way to access ultrasound education and 
services in many regions/countries through cloud 
systems (DICOM data bank), where educational 
medical resources are imbalanced. These cutting-
edge technologies have significantly improved our 
understanding of ultrasonic image variations caused 
by factors such as operator, scanner, and patient 
dependence [40].

Arguments against AI in medical student education

• With AI’s growth, physicians’ knowledge and skills 
to perform specific tasks would likely decline. Rely-
ing increasingly on AI, medical students may not 
develop the knowledge and understanding that accu-
mulates by repeating basic tasks. There is a question 
of whether a physician should rely as much on AI-
powered software for these tasks without first under-
standing and performing them independently [41]. If 
AI-based training is not regulated correctly during 
training, it can lead to excessive reliance on AI, thus 
weakening the trainee’s ability to perform and inter-
pret ultrasound. It could pose potential challenges 
if AI tools are introduced to learners prematurely, 
lacking adequate evaluation, and devoid of human 
supervision and scrutiny to assess their advantages 
or limitations. In that case, inexperienced physicians 
may become overly reliant on AI tools, believing they 
are "superior" to manual effort and human cognitive 
work [42].

• Lack of control of AI in ultrasound novices. Inexperi-
enced users cannot identify AI errors. Another chal-
lenge in educating future physicians is instructing 
trainees on identifying AI errors and recognizing the 
more elusive and unpredictable AI mistakes [43, 44].

• “Garbage in, garbage out” theory. Human input is mini-
mal in AI-based software, apart from annotating each 
image or case in the training data with the correct diag-
nosis. This approach eliminates the need for pre-iden-
tifying and extracting image features. However, data 
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quality can significantly impact AI algorithm training 
efficiency and performance. Unfortunately, patient 
records, medical registries, and ultrasound images are 
not always compiled into accurate and complete data-
sets, which in some cases might generate biases or 
decrease performance potential [14].

• Fear of being replaced. Research has shown that the 
anticipated impact of AI has deterred medical stu-
dents from pursuing radiology as a career and has even 
caused anxiety among those who still wish to choose 
it as their future path [29, 34, 45]. It is vital to educate 
students that any workforce changes are likely to occur 
slowly and will come with additional knowledge that 
will be required from physicians.

• Lack of empathy in AI-based education. The absence of 
empathy in AI-driven education may foster a discon-
nect between students and their learning experiences, 
potentially diminishing motivation and engagement. 
The automation of educational processes can exacer-
bate this disconnect, hindering students’ development 
of emotional intelligence and interpersonal skills cru-
cial for personal and professional growth.

Discussion
The field of ultrasound permits a wide range of AI-based 
applications. AI can help reduce repetitive tasks, increase 
the supervisor’s available time, and provide supervision in 
the future. This allows educators to focus on tasks of higher 
value, such as spatial aptitude, learning habits, research, 
and communication skills [29, 46, 47].

Along with interpreting ultrasound images, trainees 
must also acquire the ability to understand the processes 
of AI-generated results, potential pitfalls and errors. If phy-
sicians want to remain masters of diagnostic procedures 
supported by AI in the future, students must be allowed to 
acquire fundamental competency in data science and AI. 
Therefore, the rapid integration of AI as learning content in 
medical school curricula must be prioritized [48].

In the meantime, students and residents should become 
familiar with AI algorithms and understand the reasons, 
situations, and circumstances where AI tools may not per-
form as intended. By embracing AI, we can improve our 
performance, enhance patient care and medical education.

Role of Virtual Reality in student ultrasound 
education
Introduction
There has been a recent dramatic change in the way 
how medical education can be delivered. Internet and 
mobile devices offer a vast amount of information and 
learning possibilities. In the era of AI, immersive tech-
nologies are evolving providing a whole new universe of 

teaching opportunities. These technologies comprising 
Augmented Reality (AR) and Virtual Reality (VR) already 
transform medical education and how it is delivered to 
future health care professionals [49]. The use of VR in 
health professions education has increased dramatically 
in recent years. VR simulation training has been manda-
tory in different educational fields such as aviation for 
many decades. In medical education simulation training 
gained more importance and a more mandatory status in 
the last two decades. A stress-free learning environment 
can be created by VR, in which learners can repeatedly 
train standard physiological situations as well as patho-
logical “patient”-cases.

In classical VR, the user puts on a head-mounted dis-
play (HMD) to join a simulated environment, with virtual 
characters. In immersive VR, the user puts on the HMD, 
is situated in a virtual environment, and additionally 
uses either haptic controllers or hand-tracking devices 
to interact with the environment. The immersive setup 
provides a content-rich experience that can improve user 
engagement and thus, the training outcome. The applica-
tion of immersive VR ultrasound teaching has been suc-
cessfully applied in point of care ultrasound (POCUS) 
teaching settings [50, 51].

Some systems use one single haptic device, e.g. ultra-
sound probe in combination with VR glasses, some sys-
tems do use the same in combination with phantoms. 
Haptic devices often allow measuring forces applied. VR 
is used to train specific ultrasound-guided skills such as 
regional anesthesia or fine needle puncture [52]. The lat-
ter requires cognitive-motor skills for the performance of 
regional anesthesia under ultrasound guidance.

Due to greater achievements in graphic technology 
and AI more and more detailed 3-and 4-dimensional 
images are generated for VR ultrasound training, such as 
echocardiography [53]. The latter will certainly lead to a 
growing use of immersive VR in medical ultrasound edu-
cation with a good acceptance among students offered 
VR education [54]. Reviews and meta-analysis found 
a significant effect on VR simulation in skill acquisition 
and knowledge gain in medical education, yet research 
regarding the effects of VR simulation related to ultra-
sound training are still sparse though.

Arguments supporting VR Ultrasound education

• Repetitive training possibilities can be provided with 
immersive VR ultrasound teaching. When VR glasses 
and probes are available in a higher amount, students 
might even be able to lend them and train at home 
anytime and anywhere.

• Adaptive simulation settings with increasing com-
petence levels can be created in immersive VR ultra-
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sound education settings. Different modes enable the 
learning independently to adapt to progressive learn-
ing task.

• Safe learning atmosphere is established when learn-
ers do have the ability to independently learn on their 
own solely or together with other students.

• Possible remote supervision might be a good option 
to give instant feedback with the training sessions 
and due to the VR—based scenario student and 
supervisor can meet within immersive VR anytime, 
anywhere.

Arguments against VR Ultrasound education

• Lacking supervision is one possible limitation when it 
comes to VR training as students might often be left 
alone in their further training. A structured course- 
based training in combination with VR-educational 
sessions upfront to any independent training sessions 
might limit failures and frustration due to lacking 
input to a minimum.

• High costs of VR glasses and software are a major 
limitation to give a high number of students access to 
VR training at the same time.

• Cognitive overload by immersive VR and how it 
influences sustained medical learning and reten-
tion of motor performance are still part of current 
research [55].

• Real life haptic and personal interaction are missing 
and main limiting factors when it comes to any kind 
of virtual or simulation-based training in medical 
education. Personal interaction within training ses-
sions is important to improve soft skills and personal 
development.

Discussion
VR can be described as a form of high-fidelity simula-
tion that may be used to enhance the quality of medi-
cal education. Scientific studies exploring the effects of 
immersive VR ultrasound education are increasing but 
still sparse. With the HMD being portable and applica-
ble everywhere, VR training enables learners to train and 
test their abilities literally independent of time and space. 
Once scenarios are completed, students receive virtual 
debriefing and feedback on their performance.

A major limitation of VR training is the fact that it 
causes increased cognitive load, especially when learning 
complex skills. VR training has been shown to increase 
cognitive load decrease retention in motor memory 
when compared to classical screen- based learning 
approaches. The same study also showed that cognitive 

load decreased over time, indicating that users may have 
to adapt to immersive VR training [55]. It could also be 
shown that repeated and distributed VR training causes 
a lower cognitive load and should therefore be induced 
when the learning situation is increased in complexity 
[56].

Overall VR ultrasound education is an effective method 
to be integrated into existing ultrasound curricula to 
enhance and expand training possibilities yet to be dis-
tributed reasonably to avoid cognitive overload with its 
possible negative correlation on motor learning effects 
and retention.

Role of telemedicine in student ultrasound 
education
Practical clinical skills are essential components of every-
day medical practice. In recent years, this realization has 
led to redesigning theoretically oriented standard courses 
to emphasize practical orientation. For ultrasound train-
ing, practical implementation is an essential part of being 
able to produce and interpret ultrasound images. Due 
to the SARS-CoV-2 pandemic and the resulting contact 
restrictions, the training of this practical content became 
severely restricted, causing a sudden shift to digital 
teaching [57–59].

Teledidactic applications in ultrasound education can 
take many forms, including real-time videoconferenc-
ing, store-and-forward imaging, and web-based educa-
tional resources. Real-time videoconferencing is one of 
ultrasound education’s most promising virtual applica-
tions [60]. Teledidactic approaches can connect students 
in remote or underserved regions with experts in urban 
areas [61].

Web-based resources are another valuable approach to 
ultrasound education [62]. Online courses and interac-
tive simulations provide a flexible and accessible learning 
environment for students. Such courses can be accessed 
from anywhere with an internet connection and are 
designed to meet student’s specific learning objectives. 
Interactive simulations provide a safe and realistic envi-
ronment for students to practice ultrasound techniques 
and procedures, allowing repeated practice without 
requiring live patients.

Several studies investigated approaches to teaching 
practical ultrasound skills via an online platform and 
demonstrated the effectiveness of virtual ultrasound 
education [63–65]. Using e-learning videos showed a 
learning advantage over text-based e-learning units [66]. 
Sometimes, online simulations or videos showed better 
results than traditional learning courses [67–69]. A com-
bination of learning courses supplemented with instruc-
tional videos also showed a positive effect [70]. When 
comparing online simulations with pure video lessons, 
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knowledge acquired through a simulation lasts longer 
[71]. However, many of these approaches were based on 
blended-learning concept, and students criticized the 
lack of interaction opportunities [72–74]. Some evalu-
ations showed that students are open to online teaching 
opportunities and prefer additional online material over 
exclusive face-to-face teaching [73].

Ultrasound education via exclusive online training has 
some limitations, especially concerning practical learn-
ing experience, a crucial component of diagnostic ultra-
sound. Nevertheless, it is possible to convey theoretical 
and practical content to students via specific online for-
mats or interactive synchronous online tutorials [75]. 
Incorporating new techniques, such as different camera 
perspectives, can benefit online learning formats [39].

Arguments supporting teledidactic approaches in student 
ultrasound education

• Fast and easy access, regardless of location. The pri-
mary teaching method for recognizing structures 
and pathologies involves visual diagnoses using 
ultrasound images, which can be taught via online 
courses. Additionally, knowledge assessment can be 
conducted through online resources, enabling inter-
active testing and reinforcing understanding.

• New teaching formats. Recent advancements in syn-
chronous online teaching formats have expanded 
their capacity to effectively impart theoretical con-
cepts and practical skills in a digital format. This ena-
bles comprehensive learning experiences that bridge 
the gap between theoretical understanding and 
hands-on application [75].

• New online camera perspectives. Emerging online 
formats can display the patient’s transducer position 
and sonographic settings. This feature enhances the 
learning experience by visually understanding how 
ultrasounds are performed and interpreted in a clini-
cal setting.

• Cost efficiency. Costs for many devices can be saved 
through a higher number of participants in an online 
tutorial.

Arguments against teledidactic approaches in student 
ultrasound education

• Missing hands-on experience. Ultrasound training 
inherently relies on hands-on experience in acquiring 
and interpreting ultrasound images. This hands-on 
engagement is indispensable for learners to develop 
proficiency and confidence in using ultrasound tech-
nology effectively in clinical settings. For some stu-

dents, telemedicine education may have to include 
remote hands-on teaching/monitoring for learn-
ers who do not have local supervisors for hands-on 
learning.

• New, but challenging teaching methods. Teaching 
online formats demands a nuanced blend of tech-
nical expertise and specialized pedagogical knowl-
edge. Successfully conveying hands-on skills virtu-
ally necessitates a deep understanding of both the 
technical aspects of the subject matter and effective 
instructional methodologies. Adapting traditional 
teaching methods into engaging online formats is 
imperative while ensuring learners gain practical 
proficiency despite the digital learning environment.

• Missing patient interaction. Teledidactic approaches 
usually fail to provide direct patient interaction and 
practical hands-on experience. While they excel in 
delivering theoretical knowledge, the absence of 
direct patient engagement limits the opportunity 
for learners to apply their skills in real-life scenarios. 
This gap in practical experience can challenge fully 
preparing individuals for the intricacies and nuances 
involved in patient care and clinical practice.

Discussion
The development of teledidactic approaches in ultrasound 
education represents a forward-thinking method to bol-
ster and augment the teaching of ultrasound. Techniques 
such as real-time video conferencing, the use of store-
and-forward imaging, and the availability of web-based 
learning resources offer substantial educational benefits 
to students. As telemedicine continues to expand and 
gain traction, innovative and effective methods for ultra-
sound training are expected to proliferate. By tapping into 
the potential of telemedicine, we can guarantee access to 
superior ultrasound education for students everywhere, 
overcoming barriers related to their physical location 
or specific conditions. Teaching practical skills purely 
through online formats is subject to limitations. The inde-
pendent performance of specific examination techniques 
on actual patients is essential to any practical learning con-
tent, especially in ultrasound training. However, because 
of the SARS-CoV-2 pandemic, innovations, such as tele-
guided ultrasound courses, have been established in online 
teaching to impart practical knowledge to students [76].

Despite this progress, there is still a need for signifi-
cant improvements in digital restructuring and training 
in digital media to comprehensively deliver such courses. 
However, fundamental ultrasound training skills can be 
effectively complemented with online formats, offering 
the opportunity to convey knowledge through interactive 
teaching methods.
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Summary
The incorporation of ultrasound education into medi-
cal schools is supported by a significant global trend and 
endorsements from major federations and societies [77]. 
This movement is bolstered by an increasing body of lit-
erature and consensus statements from organizations 
such as EFSUMB, WFUMB, and SUSME, emphasizing the 
importance of ultrasound in medical curricula. Advance-
ment toward a core ultrasound curriculum offers a struc-
tured and systematic approach to teaching, enhancing the 
educational experience. Integrating advanced technologies 
such as AI in ultrasound education is a notable strength, 
offering efficient learning, tailored educational experi-
ences, and the ability to handle extensive training data.

However, this integration also has weaknesses, notably 
the potential over-reliance on AI, which could lead to a 
decline in fundamental skills and knowledge among stu-
dents. The variability in ultrasound interpretation and 
its operator-dependent nature also present limitations. 
Additionally, the diversity of opinions and experiences 
across disciplines and institutions might complicate 
reaching a consensus on a core curriculum, potentially 
hindering standardization.

On the opportunity front, incorporating ultrasound 
education opens doors for revolutionizing teaching 
methods with AI like VR, making them more interactive 
and engaging. It aligns with the growing trend toward 
practical, hands-on learning in medical education, pro-
viding a relevant skill set for students.

Conversely, one of the primary threats is the poten-
tial impact of AI on the role of educators and traditional 
teaching methods, which might lead to resistance or 
apprehension. The rapid advancement of technology also 
threatens to create a gap between current teaching meth-
ods and future needs, requiring continuous curriculum 
updates and adaptability. In addition, there are risks of 
misinterpretation and ethical concerns related to AI in 
medical education, necessitating careful management to 
ensure effective and appropriate technology use.

In summary, while the integration of ultrasound edu-
cation into medical curricula is underpinned by solid 
support and presents significant opportunities for educa-
tional advancement, it also faces challenges and risks that 
need careful consideration to ensure successful and effec-
tive integration into medical education.
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