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Review Article

ABSTRACT

Simulation has been shown to improve clinical learning outcomes, speed up the learning process and improve learner 
confidence, whilst initially taking pressure off busy clinical lists. The World Federation for Ultrasound in Medicine and 
Biology (WFUMB) state of the art paper on the use of simulators in ultrasound education introduces ultrasound simulation, its 
advantages and challenges. It describes different simulator types, including low and high‑fidelity simulators, the requirements 
and technical aspects of simulators, followed by the clinical applications of ultrasound simulation. The paper discusses the 
role of ultrasound simulation in ultrasound clinical training, referencing established literature. Requirements for successful 
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INTRODUCTION AND BACKGROUND

Unlike any other branch of  medical imaging, there are 
unique challenges involved in learning how to safely use 
ultrasound equipment. Ultrasound practitioners must not 
only understand human anatomy, physiology, pathology, 
ultrasound image acquisition and “knobology” but also 
have the appropriate skills to perform the examination 
and the ability to integrate ultrasound findings into clinical 
decision‑making. They must also possess the psychomotor 
skills for adequate hand‑eye coordination to generate 
the ultrasound images.[1] After acquiring the essential 
anatomical, ultrasound physics and instrumentation 
knowledge, the traditional method for teaching ultrasound 
scanning and interpretation is hands‑on training under the 
direct supervision and guidance of  an instructor  (tutor). 
While possible on a small scale, this method does not 
translate to an expanding workforce and mass training 
of  new users simultaneously because many do not have 
access to qualified instructors.

This situation has been exacerbated by the expanding 
popularity of  ultrasound as a result of  technological 
developments and affordability, especially for 
point‑of‑care applications. Developments in hand held 
devices has seen ultrasound used by multiple clinical 
specialties throughout the world, not solely in medical 
imaging departments.

While lectures can be given to small or large groups 
of  learners with little loss of  impact other than lack 
of  personal attention to questions, hands‑on training 
is different. No effective multiplier for capable 
instructors exists, other than the use of  less experienced 
instructors. The need for additional hands‑on instructors 
existed even before the proliferation of  point of  care 
ultrasound  (POCUS) but is now more pronounced than 
ever. This is further complicated by a need to scan a wide 
range of  different pathologies in clinical training settings.

Whilst interpreting still images or cine clips of  normal 
and abnormal findings is useful, actual scanning of  

different pathologies and body types in a clinical setting 
can be a challenge.

The severe acute respiratory syndrome coronavirus 2 
pandemic has had a negative impact on ultrasound 
education and on medical education in general.[2,3] 
Coronavirus pandemic lockdowns and continued fear of  
corona virus disease 2019 (COVID-19) transmission have 
created many additional barriers to ultrasound education, 
most notably, preventing ultrasound learners from 
accessing clinical training sites for almost 2  years. The 
COVID‑19 pandemic has also accelerated the need for 
training institutions to build in the flexibility to support 
remote instruction and ultrasound simulation.[4] Following 
other educational approaches such as teaching surgical 
procedures and advanced cardiac life support training for 
all staff  in medical facilities, developers are now focused 
on creating physical models for ultrasound simulation.

Simulation allows training in a safe environment 
without endangering actual patients or having to 
wait for a particular patient scenario to train on.[5,6] 
Physical simulators, or phantoms, were developed 
for both diagnostic and procedural practice, however 
they are limited in their educational value since most 
present normal anatomy or limited pathology. With 
the development of  digital technologies, a new type of  
simulator has come into being: The digital or virtual 
simulator  [Figure 1]. Each approach has advantages and 
disadvantages for leveraging available training data and 
various techniques.[7]

Practical ultrasound training requires learning skill sets 
that apply to all clinical modalities, including the basic 
skills of  how to adjust machine controls to optimize 
image quality and how to hold and manipulate the 
transducer.[8] The cognitive/psychomotor skills required 
to perform ultrasound are difficult to teach; rather 
they are developed by trial and error to effectively 
perform gross and fine motor skills, achieve self‑efficacy 
and complete ultrasound examinations, thus making 
simulation the ideal learning tool.[8]

ultrasound simulation acceptance into educational structures are explored. Despite being in its infancy, ultrasound simulation 
already offers a wide range of training opportunities and likely holds the key to a broader point of care ultrasound education 
for medical students, practicing doctors, and other health care professionals. Despite the drawbacks of simulation, there are 
also many advantages, which are expanding rapidly as the technology evolves.

Key words: simulators, training, ultrasound
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OVERVIEW OF SIMULATION TOOLS AND 
TECHNICAL ASPECTS

To achieve a systematic approach, it is crucial to 
understand the general differences of  simulation‑based 
settings  [Figure  1]. Basically, there are two distinct 
simulation tools: Part‑task trainers such as phantoms 
and animal models,[9] and full‑task trainer such as 
virtual ultrasound simulators. A  phantom is examined 
with an actual ultrasound device and probe. It can be 
self‑made with, for example, foam, gelatin, or agar gel, 
or custom‑made. Custom‑madephantoms use similar 
acoustic velocity attributes as human tissue, such as 
silicone or might use animal parts such as porcine, 
chicken thighs or turkey breast.[10,11] The phantom 
replaces the body part e.g., abdomen, breast or fetus, 
with one specific pathology or training task. They 
can be referred to as low‑fidelity simulators because 
of  their static, nonchanging anatomy.[12] There are 
many different phantoms of  single organs up to 
whole human bodies with several possible scanning 

areas. They are ideal for vascular simulation[13,14] or 
interventional training.[15]

A virtual ultrasound simulator is a stand‑alone training 
system that does not use an actual ultrasound device. 
It uses mock probes or endoscopes and replaces the 
patient and the physical ultrasound image processing. 
In contrast to a physical phantom, the simulator can 
provide many different cases and is extendable by 
software updates. Some of  the virtual ultrasound 
simulators even offer freehand puncture modules.

Pure web‑or cloud‑based simulators offer an alternative, 
less expensive simulation setting. They use a keyboard, 
mouse, or the smartphone touch display to navigate 
a virtual probe. Trainees can use them on their own 
personal computer (PC), tablet, or smartphone with 
or without Internet access.[16,17] Similar to playing 
computer games, there is a large difference when 
compared with real‑time ultrasound scanning but 
these simulations enable the learner to improve their 
anatomical knowledge and hand‑eye‑coordination. 
Several online‑interactive models or Applications (Apps) 
have been developed, but are often short‑lived due to 
changing software‑updates.

Virtual ultrasound simulators have an impressive 
diversity of  technical components  [Figure  2]. However, 
as there is no actual ultrasound system, it is not 
possible to compare different simulators by using 
technical parameters such as frequency, frame rate, or 
Doppler modes.

There are three different methods to simulate 
ultrasound images.[16]

•	 G e n e r a t i v e  m o d e l ‑ b a s e d  s i m u l a t i o n ,  o r 
computer‑generated virtual 3-dimensional (3D) artificial 
objects, are created by 3D artists with specialized 

Figure 1. General approach on ultrasound simulation tools. The distance to real world environment increases from left to right. Every simulation 
setting has its pros and cons and therefore different fields of application. US: Ultrasound; VR: Virtual reality; PC: Personal computer; 3D: 
3-dimensional; 4D: 4-dimensional
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Figure 2. Technical components of virtual ultrasound simulators ‑ diversity 
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for better overview. See text for detailed explanations. 3D: 3-dimensional; 
US: Ultrasound; VR: Virtual reality; DOF: Degrees of freedom; PC: 
Personal computer
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software (e.g., blender). Via triangulation techniques, 
they firstly create surfaces of  objects (data format.obj). 
Those interpretations lead to volumes  (3D data). By 
modeling the anatomy, the desired organ is completely 
segmented into smaller and smaller volumes.[18,19] 
Finally, time series variations of  these volumes result 
in animated 4-dimensional (4D) objects. These can be 
calculated by morphing flow techniques up to nearly 
endless resolution. This is especially suitable for small 
and uniformly moving organs such as the heart.[20] 
Regardless of  the calculation effort, small gaps always 
remain in the end between distinct objects or organs. 
In this setting sometimes frames per second and 
spatial resolution may be stated as a result of  very 
detailed animation. One drawback is that it is very 
difficult and time consuming to create different realistic 
pathologies. Further developments include the use of  
patient‑specific pathological 3D‑printed models for 
creating 3D/4D‑objects or phantoms, particularly for 
cardiovascular and orthopedic diseases.[21,22]

•	 Pseudo‑ultrasound is generated by simulation from other 
imaging modalities such as computed tomography (CT) 
or magnetic resonance imaging (MRI). This so‑called 
generative image‑based simulation uses insonification, 
i.e., ultrasound wave propagation on 3D volumes from 
CT or MRI. These methods can more easily use real 
patient data with pathologies. Therefore, it is necessary 
to segment the CT and MRI images and assign them 
tissue properties.[23] Assumptions are made about 
ultrasound properties, such as reflection, transmission 
and attenuation, of  the segmented structures based 
on the presumed relationship between CT Hounsfield 
units and ultrasound acoustic impedance.[16] There are 
no gaps between the organs, so that a continuum scan 
can be achieved. Depending on the simulation quality, 
it is possible to consider view‑dependent artifacts. The 
genuine spatial resolution of  CT and MRI limits the 
resolution of  the simulated ultrasound images after 
transformation. Achieving the required level of  detail 
can be challenging, particularly in abdominal ultrasound.

•	 Real ultrasound 3D volumes from patients are used 
to simulate 2-dimensional (2D) ultrasound images. 
This so‑called interpolation or interpolative simulation 
enables the highest realism. Complete original ultrasound 
data sets are acquired in the highest spatial resolution 
compared to CT/MRI, with different probe types and 
modes (B‑mode, Doppler). View dependent effects such 
as artifacts or shadows cannot be simulated correctly, 
as they change with sonification angle. Therefore, 
the best images are simulated from a position similar 
to the original examination position  (single volume). 

One solution is to record different viewpoints to gain 
several 3D volumes. Later it is possible to switch among 
them depending on the position of  the probe (multiple 
volumes). Multiple volumes are ideal for complex 
pathologies, e.g., in abdominal ultrasound. Single volumes 
are useful for circumscribed clinical settings as vaginal 
ultrasound.[24] Volumes are often combined with feedback 
systems and input devices can track the learner’s activity.

•	 Input devices describe the tracking of  trainee’s 
activity. Tracking depends on the different hardware 
components used for example mock probes or 
endoscopes, mannequin models  (not to be mixed 
up with the above‑mentioned phantoms) or 
feedback systems. There are two common tracking 
methods: Electromagnetically and optical modes. 
Electromagnetic systems are the cheaper alternative, 
do not require free line of  sight as optical systems 
do, and are mainly used for Apps, where the mock 
probe or endoscope has to be inserted into the 
patient/mannequin. They achieve poorer correlation 
to probe movements by the trainee (3–6 degrees 
of  freedom  [DOF]). In comparison optical 
tracking systems achieve higher volumes with 
6‑DOF probe tracking in the superior temporal 
and spatial resolution. They are more robust 
against interferences, especially when any nearby 
ferromagnetic material cannot be avoided  (computer, 
metal, heating lights, etc.). Haptic feedback devices 
using pressure or vibration are a further alternative. 
Measurement of  tool movements may lead to 
required corrections, triggering a feedback reaction 
via an induction motor. The tool has to be fixed for 
correct induction measurement  (usually a joystick or 
mouse on a table). Therefore, these devices use only 
single volumes with  <6‑DOF and operate without 
a mannequin or phantom. This abstract setting 
can be a drawback but is suitable for simulation 
of  interventional or invasive procedures  (e.g., 
vaginal ultrasound). In contrast to all these settings, 
web‑based systems do not operate in real time, with 
significantly  <6‑DOF stationary tools via graphic 
user interfaces  (e.g., buttons and sliders).

The contents of  the simulated database are of  crucial 
importance when evaluating a simulator system. The 
database can be characterized according to the target 
group, e.g., the clinical specialty or different performance 
levels  (students, sonographers, advanced users, etc.). 
A  comparison of  data quality is only possible within 
the same subgroup of  simulation source  (e.g., level 
of  details in 3D simulation, quality of  the original 
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recording ultrasound device)  [Figure  2]. Database 
quantity is especially important for different or rare 
pathologies, number of  patients  (with single or multiple 
pathologies) or several appointments of  patients to 
evaluate disease progression. Finally, additional software 
can offer measurements, document individual learning 
progress or allow distinct training modules  [Figure  2]. 
Some of  the modern simulators combine virtual 3D 
animations with simulated ultrasound images, which to 
assist the trainee in visualizing the relationship between 
the probe position, the direction of  the scan sector in 
the 3D organ's anatomy, and the resulting 2D image.

Ultimately, the choice of  simulation equipment should 
be aligned to the needs and demands of  the users, 
the learning outcomes, clinical specialty and desired 
competency level, as well as operational considerations 
including financial capabilities.

The application of  simulators has been described in 
a wide range of  clinical specialties  [Figure  3]. Today, 
the main simulator companies on the market provide 
configurations to meet the different requirements 
of  most clinical specialties, regardless of  diagnostic 
or interventional techniques. In gynecology and 

obstetrics, simulation‑assisted education has been used 
for over  20  years[25] and has led to improvements in 
patient‑reported discomfort and perceived safety.[26]

The standardized use of  simulation has been 
encouraged in an American consensus report of  
a multi society task force including the American 
Institute of  Ultrasound in Medicine.[27] It developed 
a consensus‑based curriculum with competency 
assessment tools for obstetric and gynecologic 
ultrasound training. Furthermore, according to a 
recent French review, simulator‑generated metrics 
helped to discriminate different ultrasound skills.[28] 
Performance scores can be obtained by using qualitative 
metrics, quantitative criteria and by assessing the 
quality of  images.[28] British and Danish systematic 
reviews also found evidence of  benefit from the 
use of  simulation in obstetrics and gynecological 
ultrasound.[29,30] Nevertheless, there is relatively little 
data on how simulation‑acquired skills correlate with 
clinical performance and if  the skills are sustainable in 
the longer term.[29]

Cardiology is one of  the most common clinical 
specialties for simulator‑trained ultrasound. Simulators 
for echocardiography have been available for over three 
decades and highly sophisticated applications are now 
offered for both transesophageal and transthoracic echo 
and, since 2010, have contributed to approximately 50% 
of  the simulation market  [Figure  4]. Transesophageal 
simulators are the most expensive applications. A  recent 
review focused on how to extrapolate the single 
simulation‑acquired skills into a workflow of  the whole 
examination procedure.[31] Simulation‑based training of  
the peripheral vascular ultrasound is the other important 
cardiac subspecialty. Hereby, simulation of  color flow 
Doppler images and Doppler spectral waveforms along 

Figure 3. Clinical specialties. Clinical specialties with reported application fields – apart from radiology as the main interdisciplinary diagnostic 
and interventional specialty. US: Ultrasound; TTE: Transthoracic echocardiography; TEE: Transesophageal echocardiography; POCUS: Point 
of care US; eFAST: Extended focused assessment with sonography for trauma; GIUS: Gastrointestinal US; LN: Lymph nodes/neck; UGRA: US 
guided regional anesthesia; ICU: Intensive care unit; US: Ultrasound; GI: Gastrointestinal; Pulmo: Pulmonology
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with the corresponding B‑mode images is especially 
challenging.[14,32] In the emergency department, several 
other applications emerged following the implementation 
of  transesophageal simulators. Simulation as a training 
tool for POCUS has become an established part of  
the curriculum according to the American Academy 
of  Emergency Physicians.[33,34] The importance of  
clinical lung ultrasound skills using simulation has 
been acknowledged for critical care setting.[10,35] Lung 
ultrasound simulation has been fundamental to clinical 
skills development at pace during the COVID‑19 
pandemic.[36‑38] In Focused Assessment with Sonography 
for Trauma  (FAST), standardization is important for all 
users, including prehospital use by paramedics.[39]

Although a simulator‑based approach would be 
the ideal solution to organize medical education 
in pediatrics without having to expose young and 
vulnerable patients to repetitive, nonexpert ultrasound 
examinations, so far relatively few systems include 
pediatric cases. Simulation‑assisted training has become 
widely used in pediatric cardiology,[40] especially in 
the neonatal intensive care unit.[41] Focused neonatal 
cranial ultrasound training has been improved by 
simulation‑based education according to a Canadian 
pediatric study.[42] Moreover, a simulation enhanced 
curriculum improved the POCUS competencies in 
umbilical catheter detection and interpretation.[43]

In anesthesia general catheter, management became a 
main application field for simulation‑assisted education 
according to several international guidelines.[44] 
Simulation training resulted in increased use of  
ultrasound guidance for the insertion of  central venous 
catheters.[45] Simulation‑based examination could be 
successfully used for assessing the arterial catheter 
insertion performance[46] and improved the peripheral 
catheter insertion skills of  nurses.[47] Simulation‑assisted 
training using phantoms is established for 
ultrasound‑guided regional anesthesia.[48‑50] Online 
interactive simulation models have been used for 
teaching spinal sonoanatomy and training of  lumbar 
puncture techniques.[17,51] Moreover, there has been a 
recent push to incorporate whole‑body POCUS into 
anesthesiologists’ training and daily practice.[52]

Abdominal sonography is a challenging field for 
simulation due to the diversity of  complex, closely 
related, and differently moving organs. Several studies 
investigated the feasibility of  abdominal simulation[53,54] 
and demonstrated that simulator‑assisted training 

improved ultrasound‑scanning performance.[55] A Danish 
group developed a simulator‑based test to discriminate 
performance levels[56] which made it possible to scale 
the teaching content according to different training 
levels and could so meet requirements from the 
beginner to the specialist.

Endosonography is an invasive procedure[57‑59] and 
therefore particularly suitable for simulation‑based 
education. Simulation‑based training is helpful in the 
initial stages of  learning where there is a steep learning 
curve, e.g., EUS-FNA/endobronchial ultrasound-guided 
transbronchial needle aspiration (EBUS-TBNA) in the 
gastrointestinal tract or for pulmonology.[20,60‑62] According 
to an Indian review, skills acquired on a simulator could 
be transferred to real patients.[63] Urologic simulation‑based 
education is taking an increasingly important role not only 
for surgical training but also for rectal sonography and 
ultrasound‑guided prostate interventions.[64,65]

ULTRASOUND SIMULATION IN GENERAL 
SURGERY

Despite the widespread use of  POCUS and recent 
adoption of  ultrasound by numerous different 
subspecialties across the entire medical field,[66,67] no 
established and commonly agreed ultrasound curriculum 
is available in general surgery, but proposals have 
been put forward and regional experience has been 
published.[68‑70] One ultrasound scenario, however, 
stands out as a generally accepted surgical task in 
most hospitals around the globe and that is the 
established use of  FAST scanning in the trauma patient 
algorithm.[71] Interestingly, this application is also one 
of  very few examples where simulation training with 
ultrasound has been reported to have a significant 
and positive impact on general surgery residents’ 
performance.[72] General surgery was among the first 
specialties to embrace simulation in the educational 
process and today is at the leading edge of  this trend 
with extensive use of  laparoscopic and recently robotic 
surgery simulation with the widespread use of  Da 
Vinci systems worldwide.[73] Ultrasound scanners are 
now available as plug‑in devices and picture‑in‑picture 
presentation for most laparoscopic equipment including 
robotic versions such as Da Vinci. Interestingly, one 
of  the newest developments in general surgery utilizes 
a combination of  real‑time virtual ultrasound with 
3D simulation and robotic surgery to obtain precise 
navigation of  the surgical strategy in liver resection 
surgery.[74] With the general trend of  ultrasound moving 
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of  POCUS was introduced by Gerhard Rettenmaier 
in clinical ultrasound,[76,77] but its widespread adoption 
was not immediate.[78] Recent improvements in 
performance, cost reduction, and miniaturization 
of  ultrasound equipment have made ultrasound 
education and training the “last remaining hurdle” to 
widespread adoption of  POCUS. Historical barriers to 
ultrasound training include the need for an ultrasound 
machine, a patient with a relevant pathologic condition, 
a qualified instructor, an opportunity and time to 
teach, and the ability to repeat this process until 
tasks are mastered  [Table  1]. Each of  these elements 
must be available for every ultrasound application a 
learner wishes to master. Recent studies conducted 
by Bahner et  al. and Dinh et  al. describe the common 
challenges in integrating ultrasound training into medical 
education.[8,79] Lack of  funding, training resources, 
and space within existing curricula are cited as major 
obstacles. In addition, accessing patients specific 
pathologic conditions at time that correlates to didactic 
instruction can be challenging. Finally, the resources 
required to assess competency, track performance, 
provide feedback, and archive performance metrics are 
often underestimated by instructors  [Table  1].

Traditional time‑based progression apprenticeship models 
for ultrasound training face numerous challenges.[80‑83] This 
“see one, do one, teach one” approach falls victim to the 
aforementioned barriers. Despite these challenges, some 
medical institutions have committed to comprehensive 
integration of  ultrasound instruction across all years of  
medical school.[79,84‑89] Many of  these programs rely upon 
peer‑to‑peer ultrasound training paradigms. Time‑based 
approaches to ultrasound education need to transition 
to strategies that are driven by performance outcomes. 
Recent advances in ultrasound simulation provide new 
education and training pathways.[4,90,91] They allow a 
reproducible, standardized and even trainer‑independent 
assessment of  the gained competency.[56] Moreover, 
ultrasound simulation technologies have been brought to 
the market that provide anytime‑anywhere cloud‑based 
didactic instruction with mobile optimization and refresher 
training.[4]

Driving forces for the introduction of  simulation into 
ultrasound education include ease of  repetition and 
opportunity for practice, exposure to wide variety 
of  pathologies not easily obtained in short‑term 
clinical training experiences and learning the basics 
on phantoms rather than in clinical setting which can 
reduce both patient and learner anxiety.

into clinical specialties, there can be little doubt that 
the near future will see the birth of  an internationally 
accepted ultrasound curriculum for general surgery.

The challenge of  implementing this into surgical 
resident programs at scale will require the development 
of  a variety of  ultrasound simulation‑based education. 
This is obviously not an easy task and will require 
increased resources both staffing and financial. 
In order to avoid “reinventing the wheel” in this 
process, it is strongly recommended that the surgical 
educational environment join forces on a global scale 
and look to other specialties for lessons learned from 
their implementation of  ultrasound and ultrasound 
simulation.

THE ROLE OF ULTRASOUND SIMULATION

With the availability of  sophisticated ultrasound 
simulation equipment, it is even more important 
to define the role of  ultrasound simulation. In one 
of  the early meta‑analyses, Stunt et  al. reviewed 435 
commercially available medical simulators that were 
marketed as methods for improving medical psychomotor 
skills training.[75] They found that only 6% of  these 
simulators were accompanied by validation studies 
demonstrating an improvement in medical psychomotor 
skills following the use of  the products. Fortunately, there 
has been a lot of  progress since then, and therefore, 
it is important to discuss the future possible role of  
simulation in ultrasound using recent data.

A broader analysis of  traditional barriers to ultrasound 
adoption and how simulation can overcome them 
is required. Despite the introduction of  ultrasound 
into clinical medicine in 1942 by Dussik, adoption 

Table 1. Barriers to ultrasound instruction and 
barriers to ultrasound curriculum integration
Barriers to ultrasound 
instruction

Barriers to ultrasound curriculum 
integration

Ultrasound machine access Lack of funding for machines 
and maintenance

Qualified instructors Limited faculty time for instruction
Patients with pathology Restricted clinical access to patients
Pediatric patients Vulnerable and not accessible 

for nonexperts
Teaching moments Crowded medical school curriculum
Refresher training 
opportunities

Lack of resources for assessment

Numbers of professionals 
needing to learn

Limited clinical placements

EUS Invasive and potentially risky
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Elements that contribute toward achieving ultrasound 
competency include understanding the indications 
for an ultrasound examination, anatomy skill, and 
applied knowledge of  ultrasound equipment. Image 
optimization skills, the ability to independently perform 
a systematic ultrasound examination; interpret images 
and artifacts, document the examination, and apply the 
findings toward clinical decision‑making are additional 
elements  [Figure  5]. It is possible to practice these 
elements one by one or in combination mimicking 
normal clinical workflow. Different simulation 
equipment provides different solutions for these 
settings  compared with [Figure 1].

An alternative approach integrates ultrasound simulation 
into a broader ecosystem of  ultrasound training 
applications designed to address all the elements required 
for ultrasound competency on an application‑specific 
basis. This approach combines cloud‑based didactic 
instruction, ultrasound image acquisition, interpretation, 
and procedure training using the PC‑based performance 
tracking, and automated assessment powered by artificial 
intelligence (AI).[7,92,96,99,100,102,111,112]

The use of  simulation for ultrasound training is not 
without pitfalls, as numerous factors influence whether 
an ultrasound simulation product is successfully adopted 
or not. The verisimilitude of  any simulation experience 
is directly related to the product’s user interface and 
user experience. Recreating the “exact” experience of  
performing an ultrasound scan often requires the use 
of  expensive technologies, which typically translate to 
higher ultrasound simulator costs. Research from flight 
and surgical simulators reveals that low‑fidelity simulators 
often match, and sometimes outperform high‑fidelity 
simulators, at much lower costs.[90,105,113‑115] The degree 
of  validation an ultrasound simulation application needs 
to demonstrate prior to attaining market acceptance will 
depend upon its intended training objective(s). Finally, 
the institutional commitment required to successfully 
integrate ultrasound simulation into existing curricula 
should not be overlooked. Successful adoption of  
ultrasound simulation will require ultrasound champions, 
integrating ultrasound simulation into lesson plans, 
incentivizing, and rewarding learner participation, and 
ensuring learners understand how to apply newly 
acquired ultrasound knowledge and skills toward clinical 
decision‑making.

Successful performance of  an ultrasound task is 
the best indicator of  competency. However, when 

Ultrasound learners can now develop image acquisition, 
interpretation, and procedure skills through a variety of  
simulation technologies.[7,88,92‑104] Additional ultrasound 
simulation applications have been developed to further 
assess how well learners can integrate ultrasound 
findings into clinical decision‑making.[99,105]

Although scientific literature on ultrasound skill decay 
is limited, it suggests that competency in performing 
complex skills degrades over several months. [99] 
Cognitive aspects of  complex skills appear to degrade 
first with notable degradation occurring approximately 
3–6  months after training. Psychomotor elements 
persist longer but will eventually degrade as well, with 
notable decay occurring after 10–12  months.[106‑108] 
Critically, among one of  the first cognitive skills to 
show signs of  degradation is the ability to prioritize 
and execute actions and responses in the appropriate 
order. Defining skill decay curves for different 
ultrasound applications is an important topic for 
future research and will inform the timing and 
frequency of  refresher training using ultrasound 
simulators.[109]

ULTRASOUND SIMULATOR 
REQUIREMENTS AND DEMANDS

Ultrasound simulation systems should be judged based 
upon how well they address desired ultrasound‑training 
objectives. This begins with achieving a consensus of  
what constitutes competency for a particular ultrasound 
application. Once the elements that lead to ultrasound 
competency for a particular application are identified, 
appropriate ultrasound simulation system requirements 
can be defined.

The objective structured assessment of  ultrasound 
skills  (OSAUS) criteria represent a consensus regarding 
the elements required to achieve ultrasound competency 
for specific ultrasound applications.[110] The OSAUS 
criteria were subsequently validated as a method to 
assess application‑specific ultrasound competency.[110] 

Figure 5. Elements of ultrasound competency

Indication for the examination                                           Interpretation of images

Applied knowledge of ultrasound equipment                    Documentation of examination

lmage optimization                                                            Medical decision making

Systematic examination

Adapted from: Tolsgaard MG, Todsen T, Sorensen JL, et al. International Multispecialty
Consensus on How to Evaluate Ultrasound Competence: A Delphi Consensus Survey.

Milanese S, ed. PLoS ONE. 2013;8(2):e57687.
doi: 10.1371/journal.pone.0057687.
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individuals fail to achieve success, an understanding 
of  the specific elements that lead to failure will 
facilitate the provision of  constructive feedback. 
The ability to provide feedback on weaknesses in 
declarative knowledge, procedural knowledge, or 
psychomotor skill is important for proper training. 
Selecting validated metrics that are predictive of  
competency is essential.[111] As such, a performance 
tracking and analytics feature coupled to the ultrasound 
simulation application is valuable. Declarative 
knowledge assessment involves assessing discrete 
knowledge parameters with reliable assessment 
questions. Procedural knowledge equates with the 
knowledge required to execute a task. It is assessed by 
having the subject progress through a series of  steps 
to accomplish an assigned task. The degree of  rigor 
and validation standards will depend on the procedure 
type and the nature of  the assessment.

Advances in ultrasound simulation now allow for 
real‑time automated performance assessment on a 
variety of  ultrasound tasks. Advances powered by AI 
are automating and standardizing ultrasound competency 
assessment, which has previously relied upon subjective 
and/or checklist‑driven assessments.[111,116‑118] This creates 
a pathway for standardized assessment of  large numbers 
of  ultrasound learners.

SIMULATORS IN STUDENT AND TRAINEE 
ULTRASOUND EDUCATION

With the increasing use of  simulation, there is the 
issue of  effective training for those new to medical 
ultrasound imaging such as medical and sonography 
students as well as clinicians. The general consensus 
affirms that simulation has benefits for the initial skills 
development required by those learning diagnostic 
medical ultrasound.[119] Simulation training may not 
only involve dedicated simulator equipment using 
either mannequins or virtual reality, but also the use 
of  simulated patients so that students can practice 
not only their scanning skills on a variety of  body 
types but communication/interaction skills.[120‑122] It 
has been shown that when teaching basic tasks, such 
as venous access or FAST scans, students that had 
access to simulation grasped the concepts faster and 
were more confident than those who only learnt at the 
bedside.[123,124] However, students learning FAST on live 
models were better able to acquire FAST windows in 
the clinical setting.[125‑128]

In Australia, student sonographer’s curriculum includes 
2200 clinical hours to learn to scan multiple body 
segments, including abdomen, pelvis, thyroid, breast, 
musculoskeletal, and the vascular anatomy. A  review 
on the effectiveness of  simulation for beginners in 
ultrasound training determined that when students 
moved from simulation to model patients, their level 
of  competence did not reach a level that would allow 
them to scan patients unsupervised.[129] Through 
multiple studies comparing the outcomes of  computer 
simulation versus live models, a common theme was 
that students still needed access to live models to hone 
their communication and scanning skills. This was 
particularly the situation with obstetric scanning, where 
simulators with static “fetus” do not reflect the clinical 
situation of  mobile babies.

A disadvantage of  simulation training is that it is highly 
resource intensive with high initial investment required. 
Furthermore, it can be difficult to train the students 
to perform documentation requirements. Introducing 
Dyad practice, which involves training students in pairs, 
increases the student to simulator ratio at the same time 
as providing peer support with learning.[130] Simulation 
may never fully replace learning in the clinical setting, 
but it is the first step in ensuring that new ultrasound 
students have the opportunity to practice skill in a safe 
learning space.

Future developments
As technology develops and simulation becomes more 
sophisticated, it is likely that further developments in 
ultrasound simulation will be realized. AI and deep 
learning, although in its infancy, is beginning to be 
integrated into ultrasound simulation in an attempt 
to provide realistic learning skills and experiences.[131] 
Tenewitz et  al. reported the use of  3D printing to 
develop ultrasound phantoms for vascular access and 
biopsy[132] whilst other studies have been undertaken to 
determine the value of  augmented reality in ultrasound 
education.[133,134] Nilsson et  al., warn that careful 
evaluation of  new technology is needed to determine 
cost‑effectiveness as a learning resource.[135]
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