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A b s t r ac t
Aim: The purpose of this review is to present the state of the art for simulation-based ultrasound training in obstetrics and gynecology.
Background: Ultrasound (US) is a primary tool used in obstetrics and gynecology and has become indispensable in prenatal assessment and
for diagnosing various gynecological pathologies. The core skills for US, however, are highly operator dependent. The American Institute
of Ultrasound in Medicine (AIUM) assembled a multisociety task force in 2017 to develop standardized recommendations for curricula and
competency assessment tools for the performance of basic OB/GYN ultrasound examinations in residency programs. Due to diminishing
opportunities for training during residency programs, the task force encourages the use of US simulation during residency training and expects
simulation to be a significant part of the curriculum and competency assessment process.
Methods: A literature search was conducted for the key terms “ultrasound,” “OB/GYN,” “simulation,” and “phantoms,” for works published in
English from 2017–2021 with clinically relevant results reviewed.
Results: Based on the reviewed literature, there are three primary approaches for US simulation. These are grouped by their method of
image generation: (1) software-based learning that occurs digitally or online through web-based programs or virtual reality (VR) systems, (2)
mannequin-based, where a high-fidelity mannequin is paired with actual US images from a dataset, or 3) phantom-based training devices
that simulate anatomical features for the practice of diagnostic or procedural skills. Commercially available mannequin-based simulators offer
numerous pathologies for the evaluation of first and second-trimester pregnancies as well as normal anatomic features, allowing the learner
to perform standard obstetric measurements and calculations in different fetal positions. Alternatively, the creation of custom US simulation
trainers by a simulation center is a well-established technique to meet the needs of a specific training program. This may be to provide less
expensive alternatives to commercial products, meet unique simulation requirements, or produce consumable simulation components.
Conclusion: Simulation is an important component of resident training in OB/GYN due to the diminishing opportunities during clinical rotations.
There are commercially available options for training in US imaging, acquisition, interpretation, and integration into diagnostics, however, the
limitations for these are that they may not be customizable and can be rigid in their learning modules and objectives. Thus, self-made models
can be constructed using materials that have been characterized for their US properties. Multiple phantom materials can be aggregated to
construct functional task trainers that can be used for training in the acquisition of targets along various planes. Additionally, simulators allow
for training of US-guided invasive procedures, which many times are low incidence/high-risk tasks.
Clinical significance: With increasing time pressures for procedural and clinical efficiency as well as requirements for improved patient safety,
clinical training opportunities are no longer a stand-alone option for resident procedural experience and training requirements. The use of
simulation training in external training labs, or as a component of just-in-time training, is being used to meet these needs. Learners can gain
required procedural baseline skills to allow focus on patient care delivery in the healthcare environment and less on device interaction, muscle
memory training, or image interpretation.
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B ac kg r o u n d

Ultrasound (US) is a primary tool in obstetrics and gynecology
and has become indispensable in prenatal assessment and for
the diagnosis of various gynecological pathologies. US imaging
is portable, inexpensive compared to other imaging modalities,
and does not expose the patient or provider to ionizing radiation.
Additionally, the real-time aspect of US imaging allows for
simultaneous palpation to aid in localizing the anatomic source
of pelvic pain or to examine pelvic organs.1 The core skills for US,
however, are highly operator dependent and can have a high degree
of subjectivity.1,2 While most providers would agree that US should
be the first line of imaging for patients, it remains variable due to
the lack of standardization of training and assessment.3 In response
to these deficits, and given the ubiquity of US in OB/GYN, the
American Institute of Ultrasound in Medicine (AIUM) assembled a
multisociety task force in 2017 to develop standardized
recommendations for curricula and competency assessment tools
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for the performance of basic OB/GYN ultrasound examinations in
residency programs.2
The International Society of Ultrasound in Obstetrics and
Gynecology (ISUOG) has recommendations of at least 200 obstetrics
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scans for residents in OB/GYN, and the American College of
Obstetricians and Gynecologists (ACOG) requires specific US
training for at least three months or a minimum of 300 US scans
as part of maternal-fetal medicine programs.4,5 Additionally, a
nationwide needs assessment in Denmark concluded that two
of the top five procedures in gynecological training include
proficiency in US image acquisition skills or the use of an US
machine. 6 However, due to increasing educational demands
and limited hours in residency training programs, the time
dedicated to training has substantially diminished. Data from the
Accreditation Council for Graduate Medical Education (ACGME) on
US performance in OB/GYN residency programs indicate that the
current number of US procedures performed as part of residency
programs falls short of the minimum threshold required for
physician qualification.7,8 Ultrasound training in residency clinical
rotations with actual patients can increase cost, may increase
patient discomfort, and may affect patient safety.9 Because of these
concerns, access to opportunities for training can be limited. In
response, the task force encourages the use of US simulation during
residency training and expects simulation to be a significant part
of the curriculum and competency assessment process.2
Simulation as a teaching and assessment modality is essential
for procedural skill acquisition and has been shown to increase
learner knowledge and skills.8 A recent (2017) review describes
US simulators used in OB/GYN and provides information on the
effectiveness and validity of US simulation.8
The goal of this review is to summarize the tools for US
simulation that are currently available. There are a wide variety
of applications and techniques in OB/GYN that are performed at
low-frequency by highly specialized operators and thus a flexible,
stepwise approach to skills training has been proposed.9 Although
there is a widespread use of US in OB/GYN, training in US remains
a challenge. Competence is not necessarily a result of clinical
experience and improvements in performance are usually
attributed to sustained, deliberate practice through simulation
and only rarely occur through isolated clinical practice.9 Thus, the
literature supports the idea that superior performance is achieved
after training using high-fidelity US simulation.10
There are four levels of skills acquisition in US training: imaging,
image acquisition, interpretation of US images, and integration
of findings into medical decision-making. Training in image
interpretation is generally performed in real-time with volunteer
or patient models, but training may also be computer-based with
still and video images of US scans. Training in image acquisition is
typically a hands-on process where the learner becomes familiar
with the US machine to obtain and optimize a diagnostically useful
image. Alternatively, training for the performance of US-guided
procedures requires deliberate practice and ambidextrous hand–
eye–probe coordination to accomplish a procedure.
A recent review suggests that simulation can be best used for the
acquisition of technical skills and image optimization.9 Additionally,
a learner with superior technical ability can accelerate the time
it takes to achieve competence.9,11,12 Previous studies have also
sought to validate the concept of using simulation for training
or assessment in OB/GYN US and with rare exception, they found
evidence for usefulness or validity in support of simulation as a
training methodology across many medical specialties.9
This review presents current methods, tools, and techniques
for training US skills in OB/GYN education. The objectives are
to (1) present existing US technologies and how they relate to
clinical applications, (2) describe the features of characterized
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ultrasoundable simulation model materials, and (3) to describe
how to create US task trainers and adaptable techniques for future
applications.
The current research presents convincing evidence that US
simulation training leads to significant effects on learning and
transferability to clinical performance and patient-perceived quality
of care. Thus, US simulation training should be incorporated in every
curriculum for new OB/GYN trainees.12,13

R e v i e w R e s u lts
A literature search was conducted for the key terms “ultrasound,“
“OB/GYN,“ “simulation,“ and “phantoms,“ for works published in
English from 2017–2021 with clinically relevant results reviewed.
A literature search was conducted for the key terms “ultrasound,”
“OB/GYN,” “simulation,” and “phantoms,” for works published in
English from 2017–2021 with clinically relevant results reviewed.
Based on the reviewed literature there are three primary
approaches for US simulation. These are grouped by their method of
image generation: (1) software-based learning that occurs digitally
or online through web-based programs or virtual reality (VR)
systems, (2) mannequin-based, where a high-fidelity mannequin is
paired with actual US images from a dataset, or (3) phantom-based
training devices that simulate anatomical features for the practice of
diagnostic or procedural skills. An US phantom is a training device
that can produce imaging using an actual US probe/machine and
is often made from water-based and/or polymer-based materials.
Many didactic training programs exist as software, websites,
or via smartphone or tablet applications, but these do not
offer hands-on or experiential learning that is the hallmark of
simulation-based training. Software-only US training options exist
with video and guides provided by US device manufactures and
from academic institutions contributing to the rapidly expanding
world of free open access medical education (FOAM-ED). Many
virtual simulators offer a comprehensive case-based and
scenario-driven curriculum, and while there is the convenience of
no requirements for specialized equipment, these offerings do not
train in the techniques of image acquisition or probe manipulation,
and thus they will not be discussed further in this review.
Commercially available mannequin-based simulators (SonoSim;
Vimedix, CAE Healthcare; ScanTrainer, Intelligent Ultrasound;
Simbionix U/S Mentor, 3DSystems) offer 3-D anatomies that are
rebuilt from actual medical imaging or highly-realistic computer
modeling. This approach produces realistic images based on
learner action and allows the learner to maneuver a simulated US
probe that senses orientation and/or position. These systems offer
numerous pathologies for evaluation of first and second-trimester
pregnancies as well as normal anatomic features allowing
the learner to perform standard obstetric measurements and
calculations in different fetal positions.13 These systems each use
a unique method for identifying probe location and orientation
and some have haptic feedback properties. Each can assist with
demonstrating image identification but vary in the realism of image
acquisition due to differences in probe tracking technique and real
versus computer-created imaging.
SonoSim training products use real patient US images and will
display them based on a fixed point of contact, but image display
will vary based on the orientation of a special probe that senses the
angle/tilt of the operator’s hand using internal gyroscopic sensors.
These images can be triggered based on software either from a
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set program or by reading a code from a radio-frequency (RF) tag
located on a mannequin or standardized patient.14
Vimedix from CAE Healthcare15 and Simbionix U/S Mentor
from 3DSystems16 both use computer-modeled images. These
images are shown on a display and vary based on the position
of the probe relative to an included manikin model. This allows
placement and tilt of the probe to affect the acquired image and
because the images are hyper-realistic, it can provide overlay and
labeling of structures to help with teaching anatomy and structure
identification.
The ScanTrainer, by Intelligent Ultrasound,17 also uses real
patient images and adds a unique component to training by
providing haptic feedback. This feedback is provided through
a tripod system that is attached to a simulated US probe for a
transabdominal technique or a six-axis haptic arm for transvaginal
approaches. These devices allow the operator to perceive the shape
of the surface and force applied to the simulated structure that is
being imaged.
Phantoms can be created for specific training activities or
are commercially available such as those from Blue Phantom18
(CAE Healthcare), CIRS,19 and Kyoto Kagaku.20 Typically, a physical
“phantom” is encased in a medium on which a non-simulated US
probe is applied to produce images based on maneuvering by the
operator. These devices allow for real-time scanning and practice
for US-guided procedures.21
The main disadvantage of training with sof tware or
mannequin-based systems is the expense and relative lack of tactile
feedback that physical phantom-based devices offer. Phantoms on
the contrary, while effective at training probe manipulation and
device operation, are limited by the fixed nature of the internal
components and may degrade over time. Additionally, if invasive
procedures are practiced, repetitive needle punctures can leave
US-detectable “scarring” in the phantom and require replacement
after multiple uses.22

Self-made Solutions
The creation of custom US simulation trainers by a simulation
center is a well-established technique to meet the needs of
specific training programs. This may be to provide less expensive
alternatives to commercial products, meet unique simulation
requirements, or produce consumable simulation components.
More recently, the potential to produce patient-specific simulants
has arisen as well. 23 Commercially-produced task trainers often
take a “one-size-fits-all” approach, however, customizable solutions
allow for deliberate practice in high-risk, low-frequency procedures.
Three-dimensional printing materials for simulation development
have been studied previously and generally require combination
Table 1: Characterized materials used for US phantoms and their
sonographic properties
Product

US image appearance Apparent depth (cm)
14

Ballistic gel

Clear

Food-grade gelatin14

Clear

3

Sodium polyacrylate
hydrogel22

Clear

Undefined

Silicone rubber14

Noise

4–4.5

2.5–3

23

Noise

1.5

Urethane foam14

Opaque

Undefined

Silicone foam14

Opaque

Undefined

Polenta

with other techniques, such as casting and molding to image the
more dense 3-D printed forms. Other literature has examined
methods to make generalizable tissue material for task trainers and
measuring the fidelity of particular tissues, such as the pleura.24
The ideal material for any simulation project will, of course,
depend on several factors including, but not limited to, the anatomy
being simulated, imaging properties, resistance to needle passage
or cutting, durability, cost, and availability. The “criterion standard”
for simulation material is animal/human tissue however, it carries
significant burdens including cost, limited shelf life/reusability, and
limited ability to customize to a simulation task.25

Phantom Materials Characterized for US Properties
There are generally two types of US phantoms; those that mimic
the acoustic properties of the tissue with regard to the speed
of sound or attenuation through a given medium, and those
that approximate the sonographic appearance of tissues. The
physical properties of materials that can be used as phantoms
and that may be useful in simulating soft tissue are listed in
Table 1. The US characteristics for foams, rubbers, silicones, and
gels have been previously determined from casts in standardized
forms.15 In general, hydrated gels such as gelatin, ballistic gel, or
sodium polyacrylate are sonolucent and give the appearance of
being clear on US. Silicone rubbers tend to give the appearance of
“noise” which would mimic more sonodense anatomical features,
and foams, due to their trapped air content, appear opaque under
US. The needle forces necessary to puncture each material were
also measured and ranged from 0.05–23.34 N. For perspective,
the force necessary to puncture human skin varies from 2–5 N, and
approximately 10–20 N during epidural needle insertion through
the ligamenta supraspinale and flavum, respectively.26 Since these
materials can mimic soft tissues for imaging and interventions, there
is substantial potential for the independent production of custom,
high-fidelity phantoms.
Gelatin-based US phantoms have long since been implemented
as simulation tools. 21 Standard recommendations for the
preparation of gelatin US phantoms typically use over-the-counter
gelatin at lower annealing temperatures and higher concentrations
than the manufacturer recommendations.27–29 This is to produce
a phantom with adequate surface strength that provides tactile
feedback for the trainee that is similar to tissue. Additionally,
the phantom surface should have a durable surface that will not be
disrupted by pressure from the US probe and is resistant to multiple
needle punctures if it is used for US-guided biopsy/needle insertion
training. Althoff et al. found that a latex-coated gelatin block was
sufficient to obscure needle punctures and add to the durability of
the phantom.28 When properly made, the echogenicity of gelatin
phantoms simulate parenchymal tissue and can aid in US-guided
invasive procedures when used in combination with embedded
sonodense targets.
Phantoms composed of agar of varying percentages are also
acceptable with regards to their fidelity to real tissue. Phantoms
constructed from varying agar concentrations with and without
additives have been characterized for their US properties such as
image quality and durability and compared to gelatin and human
tissue. For example, a five percent by-mass agar model containing
small amounts of suspended wheat flour is a phantom that could
generate an US image that remarkably resembles real tissue. 30 The
advantages over gelatin phantoms are that the agar does not
require refrigeration, is resistant to biofouling and desiccation,
mimics parenchymal tissue, can withstand high-volume training,
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and can be recycled to make new phantoms. The addition of
wheat flour or corn starch is, however, labor-intensive to achieve
homogeneity. An interesting observation was that even if the
added flour clumped or was irregularly dispersed in the medium,
the resulting phantom mimicked the irregularity of real tissue.
Abdominal wall fat, for example, has a heterogeneous echo pattern,
and phantoms with unevenly dispersed starch or flour additives are
heterogeneous in echogenicity.19
The addition of psyllium, a hydrophilic mucilloid fiber, has
also been used to make clear gels opaque and to achieve the
unique US scatter patterns that may be used to simulate ovarian
parenchyma.18,31 The primary advantage of psyllium over starch
or flour is that when the mixture is prepared, further mixing is not
necessary to achieve an even suspension in the scattering medium.
Ballistic gel has also been characterized for use as an US
phantom. It is similar in echogenicity to agar and gelatin, however,
it has the added benefit of having a much longer shelf-life and
does not tear as easily.32 Ballistic gel that has been impregnated
with psyllium has also been characterized and was found to create
tissue-like densities. Additionally, molding techniques can be used
to create lumens that can retain fluid, self-seal, and can be aspirated
to demonstrate evidence of needle placement. This is especially
useful for US-guided invasive procedures, or when approximating
amniotic fluid volume. It can be used to make US-training models
quickly and with only a fraction of the cost when compared to
commercially available options.26
Recently, precooked polenta has also been explored as an US
phantom. Originally designed as a tool for mimicking soft tissue
infections, this model can be used to aid in the imaging of features
such as a blighted ovum or adnexal masses to include corpus
luteum cysts, dermoid cysts, ectopic pregnancy, etc., however,
the image quality is limited beyond a depth of 1.5 cm.33 Minimal
preparation was required for this model where gelatin-encased
paintballs were embedded in polenta and characterized with
US. The resulting model closely replicated superficial soft tissue
abscesses. Additionally, the polenta can be reshaped easily and
the phantom punctured or incised multiple times.
An additional self-made food-based training phantom for
US skills related to OB/GYN training involved the use of tofu as a
substrate that approximates myometrium on US imaging. This
phantom is described as having gummy bears embedded within
a block of tofu and covered with US gel in a small hollow to mimic
early pregnancy.22 This training device was termed the “tofuterus”
by its creator.34 Tapioca starch pearls with small amounts of pudding
in plastic bags that are secured in the folds of nylon leggings near a
central block of tofu allowed for concomitant visualization of “ovaries”
and “cysts” when the entire product was submerged in a water bath.
As US becomes the standard of care in OB/GYN, there is an
increasing demand to develop better and more cost-effective
simulation models to educate trainees. These self-made phantom
solutions offer a viable option for training in imaging, identification,
and US-guided procedures.

Effectiveness of Simulation for US Training
All of the studies reviewed reported that there was an improvement
in US skills acquisition or competence after simulation-based
training. One recent study reported that simulation-based
US training is as effective as training with real patients and is
especially beneficial for novice trainees.35 Rosen et al. conducted
a prospective, randomized, single-blinded trial with obstetric
trainees who had minimal previous US exposure. 35 In this study,
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learner assessment for scans in mid-trimester fetal brain anatomy
was chosen as a surrogate for fetal anatomy US training. All
participants were given a didactic session regarding the required
planes, underwent a pretest, and then proceeded to train with
either an US simulator or a “real” patient volunteer. The results found
that pretest competence was similar in both groups. Additionally,
both groups had significant score improvement following training
regardless of whether the learners trained on a simulated (mean
score pretest 15.9 vs post-test 28.9; p < 0.05) or real patient (mean
score pretest 13.3 vs post-test 24.6; p < 0.04).
Additionally, a recent review that evaluated the learning and
assessment of US skills in OB/GYN for eight studies found that
trainees and experienced clinicians struggle with the technical
aspects of US image optimization. 36 The authors found that the
use of simulation-based US training on the technical aspects of the
US instruments led to improvements in all subsequent aspects of
performance in a clinical setting, including a decrease in patient
discomfort and their perceived safety and confidence in their US
operator.
Another study found that general practice (GP) residents who
underwent simulation-based US training produced sonographic
images that were of improved quality versus those residents who
received clinical training alone. 37 The GP residents participated in
a one-day simulation-based US training session. Assessment of
the impact of the training on TVS (transvaginal ultrasound scan)
image quality was conducted with a group of GP residents who
attended the simulation training course and were compared to
scans generated by GP residents who did not attend the course
and had only clinical experience in US. The authors found that US
image quality for sonograms that were collected two months after
the training were significantly better in the group that received the
US simulation-based training when compared to those collected
from practitioners who had only clinical training. 37

Discussion
Characterized materials for phantom construction can aid the
healthcare simulation technology specialist in forming an entire
simulated system. The characteristics of individual phantoms can
be used to simulate anatomical features when mixing materials
and allow for target features to be clearly distinguished from the
surrounding medium. One such example is training in amniocentesis
for fetal lung maturity testing or genetic evaluation for aneuploidy.
While it is no longer a required skill for OB/GYN residency, there are
still some general OB/GYNs who need to perform amniocentesis.
There are commercially available task trainers, however, the
static models are limited in their ability to train users for the
variability that is encountered in clinical settings. Thus, self-made
solutions are a viable option for complex US-guided procedures.
For example, a task trainer for amniocentesis procedures can
be made from ballistics gel or gelatin with embedded sodium
polyacrylate hydrogel “water beads” that are sonolucent to obscure
sonodense targets, and placed over a manikin to simulate a gravid
abdomen. 38,39 This model allows learners to have deliberate
practice in the stereotactic skills required to maneuver a needle
under US guidance and to hit a specific target during amniocentesis.
The AIUM recommends that all providers performing US-guided
invasive procedures be competent in a core set of skills, including
in-plane and out-of-plane needle guidance. To allow for the
practice and assessment of these core skills, a novel task trainer
was developed by Nitsche et al.40 that allows the user to practice
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hand-eye coordination with general needle guidance skills. The
authors obtained validity evidence in the content and response
process domains according to the Standards for Educational and
Psychological Testing. Historically, each invasive procedure has been
taught independently of US-guided needle procedures, however,
the stepwise approach to training does not allow for enough time
to teach/learn more complex procedures during a residency term.
Thus, the task trainer allows a learner to perfect key elements
involved in invasive tasks such as planning the approach, selection of
the instrument insertion site, localization of the needle, and using US
for needle guidance to the target without losing US visualization.40
Although there are differences in how to perform US-guided
invasive procedures, the core skills learned from deliberate practice
using a task trainer transfer to procedures such as amniocentesis,
chorionic villus sampling (CVS), and percutaneous umbilical blood
sampling.26
Studies have shown that even novice practitioners can achieve
competence in the performance of OB/GYN US procedures when
being trained by simulation alone.41,42 These conclusions were
based on studies that compare simulation-based curriculum with
conventional didactic teaching of US and practice.

C o n c lu s i o n
Simulation is an important component of resident training in
OB/GYN due to the diminishing opportunities during clinical
rotations. There are commercially available options for training
in US imaging, acquisition, interpretation, and integration into
diagnostics, however, the limitations for these are that they may
not be customizable in their learning modules and objectives.
Thus, self-made models can be constructed using materials that
have been characterized for their US properties. Multiple phantom
materials can be aggregated to construct functional task trainers
that can be used for US training in the acquisition of targets along
various planes as well as training for US-guided invasive procedures,
which many times are low-incidence, high-risk tasks.

Clinical Significance
With increasing time pressures for procedural and clinical efficiency
as well as requirements for improved patient safety, clinical training
opportunities are no longer a stand-alone option for resident
procedural experience and training requirements. Recent studies
suggest that consideration should be given to the integration
of simulation training for the acquisition of US core skills. There
has been a steady decline in clinical training opportunities for
procedures such as amniocentesis and CVS since the advent of
cell-free fetal DNA tests from maternal serum. Thus, alternative
training methods are essential.43 The use of US simulation in
the field of OB/GYN has the potential to replace many of the lost
opportunities for real-life training and allow trainees to gain core
US skills. The value of simulation has been established for many
procedures and skills before moving to clinical practice.23 Learners
can gain required procedural baseline skills to allow focus on patient
care delivery in the healthcare environment and less on device
interaction, muscle memory training, or image interpretation.
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