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  ABSTRACT 
Introduction:  The benefi ts and uses of ultrasound (US) are well 
documented for procedural and diagnostic purposes. A number 
of studies have evaluated the utility of simulation-based US 
training in achieving competency and improving safety. To the 
best of our knowledge, no previous studies have attempted to 
synthesize the effectiveness of US simulation in Obstetrics and 
Gynecology (OB GYN) education using a systematic method. 
This review article summarizes the effect of US simulation on 
learning outcomes in OB GYN with three objectives: (1) To 
review and summarize the available evidence on the effective-
ness of US simulation in OB GYN; (2) determine the validity 
and usefulness of US simulation in OB GYN training; and (3) 
describe advantages and disadvantages of various US simula-
tors available in OB GYN as of 2016. 

  Materials and methods:  We performed a literature search 
using different search engines, such as Medline PubMed 
and EMBACE using appropriate keywords. The data were 
extracted from all published eligible studies. A meta-analysis 
was conducted in order to obtain a pooled estimate of effect of 
US simulation in OB GYN education based on the availability 
of data on common outcomes. 

  Results:  The majority of the included studies supported the 
usefulness or validity of simulation training in OB GYN for 
the enhancement of US skills. The US simulation signifi cantly 
improved the skills necessary to measure crown-rump length 
and nuchal translucency accurately. 

  Conclusion:  Despite the cost, integration of US simulators in 
medical education appears to have a positive impact on the 
scanning and interpretation skills of trainees. This study may 
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   INTRODUCTION 

 Ultrasound (US) is the most commonly used diagnostic 
tool for prenatal assessment and evaluation of various 
gynecological pathologies. While US is continuously 
enhancing the practice of obstetrics and gynecology (OB 
GYN), there is lack of standard curriculum and perfor-
mance assessment tools to monitor trainees’ improve-
ment. There is a wide range of US skills among trainees 
and practitioners. Training standards and assessment 
of competency are not standardized among residency 
programs. In today’s OB GYN training programs, US 
skills are primarily gained through clinical exposure at 
the cost of patient discomfort and safety. Training in US is 
highlighted as a top defi ciency by residents.  1   Due to insuf-
fi cient competency at the basic level, there is a concern 
over safety and effi ciency of US examination performed 
by resident physician novices. Patient encounters with 
novices who do not have appropriate training can lead 
to compromised patient care, unnecessary intervention, 
and additional testing.  2 , 3   In a recent survey of 70 OB GYN 
residents, 50% of them failed to achieve US competencies 
required for the stage of training and reported limited 
exposure to dedicated US sessions, while 73% of them 
considered US simulation to be an essential component of 
their residency training which may improve their clinical 
and interpretation skills.  4   The US is operator-dependent, 
requires manual dexterity and eye-hand coordination, as 
well as a thorough understanding of anatomy, physiol-
ogy, and pathophysiology. Also, US training is time-
consuming and requires extensive exposure to various 
normal and abnormal clinical scenarios.  5   

 The American Institute of Ultrasound in Medicine 
(AIUM) has provided guidelines and standards for 
US training. They require 3 months of US training or a 
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minimum of 300 US examinations as a part of a residency 
or fellowship before independently performing and 
interpreting female pelvic US.  6   The International Society 
of Ultrasound in Obstetrics and Gynecology (ISUOG) has 
published guidelines for basic US training for residents 
and suggested a minimum of 200 OB scans for residents 
in OB GYN.  7 , 8   The US skills correlate with number of 
scans or procedures performed, and may be infl uenced 
by duty hour restrictions of trainees and reduced expo-
sure time to US training.  9 , 10   In the current era, educators 
focus on achieving suffi cient competence to deliver safe 
and effective patient care in a nontraditional method like 
simulated environment. Residents, fellows, and sonog-
raphy students should be exposed to simulation-based 
training to maximize learning within few duty hours, 
achieve the highest possible performance level before US 
encounters with real patients, and improve patient safety. 

 A recent narrative review describes the US simulators 
used in OB GYN.  11   However, this study does not provide 
information on the effectiveness of US simulation for US 
training and its validity. Until now there have been no 
attempts to analyze the overall evidence of the educa-
tional and competence benefi ts of US simulation and the 
transferability of simulation skills to the clinical OB GYN 
using a systematic review. We intend to summarize the 
effectiveness of US simulators in improving the perfor-
mance of US skills in OB GYN with the following specifi c 
aims: (1) To review and summarize the available evidence 
on the effectiveness of US simulation in OB GYN; (2) 
determine the validity and usefulness of US simulation; 
and (3) describe advantages and disadvantages of various 
US simulators in OB GYN available as of 2016.  

  MATERIALS AND METHODS 

  Data Analysis 

 A literature search was performed within the electronic 
databases MEDLINE, PubMed, and EMBASE ® . A total of 
128 articles were obtained initially using the combination 
of search terms “US simulator OR US simulation” AND 
“Obstetrics and Gynecology” AND “US education or 
education” AND “clinical performance OR clinical skills 
or learning outcomes” AND/OR “validity”. Any studies, 
which evaluated the impact of US simulation education 
on at least one learning outcome in OB GYN US, such 
as accuracy in measuring biometry, were included in 
this review. Review articles, non-English articles, and 
abstracts were excluded from the study. 

 A manual review of titles and abstracts produced 78 
articles, which met the inclusion criteria. Further exami-
nation of the full articles and the identifi cation of dupli-
cates revealed that 63 articles did not meet the inclusion 
criteria. Sixteen articles met the inclusion criteria and 

were included in this systematic review. The outcomes 
and conclusion of each study were summarized. A meta-
analysis was carried out using a fi xed effect models to 
obtain a pooled estimate for the satisfaction proportion 
and crown-rump length (CRL) outcome.   

  RESULTS 

 With rare exception, all of the studies on the usefulness 
or validity of simulation training in OB GYN reported 
an enhancement in US skills after the use of simulation.  1 

 Table 1  summarizes the studies assessing the characteris-
tics and outcomes of OB GYN US simulation.  11 - 18   Over a 
span of 13 years, we identifi ed 10 articles which evaluated 
the impact of the use of US simulation training on differ-
ent outcomes in OB GYN. The majority of these studies 
evaluated the effect of US simulation through varying 
study designs, such as a prepost experimental study,  11 , 14 

nonrandomized interventional study,  13 , 16   observational 
study,  12 , 15   and randomized clinical trial.  17   Of these studies, 
most of them (n = 9) were based on small sample sizes 
(≤50). The two randomized studies produced contradic-
tory fi ndings; Skupski et al  17   refl ected that simulation-
based training showed inferiority compared to live model 
in regards to the primary outcomes (rating of training, 
scanning technique, and image acquisition), while 
Tolsgaard et al  12   demonstrated that simulation-based US 
training improved the performance compared to clinical 
training only. The latter study performed a randomized 
trial using a control, clinical training only group.         

  First Trimester Screening 

 Of the total studies included in this review, two assessed 
the impact of US simulation training on CRL and nuchal 
translucency (NT) measurements.  13 , 14   These two studies 
found that US simulation signifi cantly improves the skills 
required to measure CRL and NT accurately and may 
reduce false results.  

  Anatomy Scan 

  US is used to evaluate fetal anatomy and detect fetal 
structural abnormalities.  15   The incidence of fetal anoma-
lies is 2% for major, and 5% for minor anomalies.  16 - 18 , 26 

Compared with other diagnostic tools, the sensitivity of 
US in detecting anomalies is far less than perfect since a 
lot depends on the operator. Some multicenter studies 
from the early 1990s demonstrated no reduction in peri-
natal morbidity or mortality since the introduction of 
US.  27 , 28   We may argue that this outcome is a consequence 
of the current training style, which involves theoretical 
knowledge gained by means of lectures and textbooks, 
and practical knowledge gained by exposure to as many 
patients as possible. The currently available high-fi delity 
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US simulators can simulate almost every imaginable US 
examination and may ultimately reduce the need of hired 
models and patients for early learning. The systematic 
use of US simulation may improve the detection rate of 
congenital fetal anomalies; improve the learning curve, 
self-assessment, and objective evaluation of the learner’s 
competency.  13   The training agenda for individual trainees 
can be modifi ed depending on the desired pace of the 
acquisition of the required skills.  

  Biometry 

 SonoTrainer was used by experts and demonstrated 
improvement in accurate CRL and NT measurements 
and supported the idea of introducing simulation-
based training into clinical learning.  13   The majority of 
participants reported good image quality and excellent 
training effect with the use of SonoTrainer US simulator. 
Using UltraSim, Burden et al  23   reported improvement 
in effi ciency in obtaining biometry measurements, the 
accuracy (mean deviation in the measurements of fetal 
biometry from target values), and placental localization. 
They also reported that the simulator was easy to be 
used by novices as well as experienced operators and 
noticed quick adaptation to the simulator.  29   Akoma et al  30   
evaluated the role of a fetal pig simulator in OB US train-
ing in 24 participants who were randomized to two groups 
with 12 learners in each group. Only hands-on scanning 
on pregnant patients was used for the fi rst group (patients 
between 16 and 28 weeks gestation), and hands-on scan-
ning plus fetal pig simulation for the second group. No 
difference in biometric scan between the two groups was 
observed, but the intervention group (hands-on scanning 
plus fetal pig simulation) obtained improvement in scan-
ning time and the acquisition of adequate images. The 
conclusion of this study was that the addition of a fetal 
pig US task trainer improved US scan effi ciency.  

  Prenatal Procedures 

 Since the focus in health care is shifting to better pre-
natal outcomes per center, in-training physicians should 
achieve the best skills possible in order to perform critical 
procedures that can improve fetal survival. Teaching and 
training can be challenging especially for “not so com-
monly performed procedures” like fetal surgeries. The 
rate of invasive procedures has dropped signifi cantly 
in the past 6 years due to the increased use of improved 
screening tests.  31   The use of noninvasive cell-free fetal 
DNA testing is likely to continue to cause a decline in the 
use of invasive testing. In order to increase the expertise 
of fellows within the limitation of a declining number 
of invasive procedures, the role of simulation should be 
explored and the American Congress of Obstetricians 

and Gynecologists (ACOG) should consider guidelines 
to maximize trainees’ experience.  32   Rose et al  33   indicated 
that simulation-based training may help preserve and 
improve those procedural skills. 

 Amniocentesis, chorionic villi sampling (CVS), in-
utero stent placement, percutaneous umbilical cord blood 
sampling, and cervical cerclage are the areas where simu-
lation has great potential benefi t.  34   It is anticipated that 
more fetal surgeries will be performed in the future due to 
the increasing incidence of multiple gestation (increasing 
use of assisted reproductive technologies and advanced 
maternal age), economic growth, and heightened aware-
ness of fetal surgeries. McWeeney et al  35   reported that 
maternal-fetal medicine (MFM) fellowship programs are 
not able to provide suffi cient training in CVS. Therefore, 
they developed a novel training model using a porcine 
heart, piglet, and freezer bag with US gel to simulate 
abdominal wall and use of transabdominal sonogram to 
guide CVS performance. All MFM faculty and fellows 
agreed that the model was useful.  35   Nitsche et al  36   created 
a novel in-utero stent placement training model using a 
gravid pig uterus. This kind of low-cost task trainer was 
utilized to enhance skills in a nonclinical environment. 
Zubair et al  37   developed a novel amniocentesis model by 
using formalin-preserved gravid pig uterus and a freezer 
bag fi lled with US gel placed on the top of the uterus to 
simulate the abdomen. Changing the fetal position and 
amniotic fl uid and gel thickness simulated realistic sce-
narios. Simulation-based curriculum examples helped 
trainees learn amniocentesis early in their training with 
no discomfort to patients from practice trials.  38   Peeters 
et al  39   reported improved performance of fetoscopic laser 
surgery in twin-to-twin transfusion syndrome with the 
use of advanced high-fi delity simulator. Experts as well 
as novices reported the usefulness of simulators and felt 
that the use of simulation improved their performance 
score and reduced procedure time. Similarly, the use of a 
task trainer for simulation of ultrasound-guided second 
trimester uterine evacuation improved profi ciency and 
confi dence with dilatation and evacuation procedures 
among residents and other trainees.  40    

  Pelvic Ultrasound 

 Madsen et al  24   reported that the virtual reality (VR) 
simulator is a reliable and valid tool to improve pelvic 
US examination performance. In their study various 
advanced pelvic modules were used and authors 
observed improvement in novices’ performance, which 
plateaued after 4 hours of simulation training. Girzadas 
et al  41   demonstrated improvement in knowledge, diag-
nostic skills, and management of a ruptured ectopic preg-
nancy using a hybrid simulator compared to a standard 
high-fi delity simulator. The hybrid simulator consisted 
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of a transvaginal US task trainer combined with a high-
fidelity US mannequin. Vallabh-Patel et al4 reported 
improvement in clinical knowledge and interpretation 
of images skills in a clinical setting with the use of low- 
and high-fidelity transabdominal and transvaginal pelvic 
US simulators. Monsky et al also reported improved 
knowledge and scanning ability following early pelvic 
US simulation for residents.42

Ultrasound Learning for Trainees

Steps should be taken to develop a standard curriculum, 
dedicated and effective training for OB GYN residents, 
fellows and practicing physicians to improve and 
preserve their US scanning and interpretation skills. 
Credible performance standards should be reached before 
encounters with actual patients. Based on our systematic 
review, there is a benefit of including simulation courses 
and dedicated curricula for different level of trainees 
using different modules. A standard US curriculum, 
similar to what was developed for MFM fellowships, 
which incorporates the introduction of US simulation at 
an early stage for the novices in OB GYN training is of 
paramount importance.43 For improvement in US educa-
tion among OB GYN residents and its subspecialties, clear 
educational goals and objectives, and valid performance 
rating should be established.44,45

Three major competencies in US are as follows: (1) 
Technical aspect of performance, (2) image percep-
tion, and (3) interpretation – medical decision-making 
skills.2,45,46 For the objective assessment of US skills, 
international multispecialty consensus suggested seven 
elements: (1) Indication for the examination; (2) applied 
knowledge of US equipment; (3) image optimization; 
(4) systematic examination; (5) interpretation of images; 
(6) documentation of examination; and (7) medical 
decision-making.47

Validity of Various Simulators

Limitations of the first generation of VR simulators are 
static images of the fetus, lack of heart activity, and no 
blood flow. Additionally, there is no adiposity effect and 
given the increasing prevalence of obesity the addition of 
this feature in upcoming advanced simulators will be very 
helpful. These real-time properties of US simulation were 
improved in recent models. Most studies variably demon-
strated acquisition of knowledge and skills and generated 
findings, suggesting a correlation with simulation training 
and improved performance in the simulated environ-
ment.12,19-25,13 This finding may be acceptable provided the 
simulator is appropriately validated (in many reports, i.e., 
debatable). Some studies examined the question of validity 
concurrently or in isolation, so there is limited evidence on 

construct validity of simulators.11,14,29,48-50 Though litera-
ture on the use of US simulation is sparse, it consistently 
showed its usefulness in US education in OB GYN.

Burden et al demonstrated construct validity of the 
UltraSim simulator in performance of CRL and growth scan 
measurements, and stated that this high-fidelity simulator 
has the potential to improve the scanning skills of OB GYN 
trainees.51 Newey et al14 have demonstrated the validity 
of VirUS for NT measurement. More recently, Patel et al51 
explored the OB GYN trainees’ perspective on the use of 
VR US simulation in the United Kingdom. Of 140 trainees, 
70 (50%) responded to the survey; 73% of respondents 
considered US simulation to be an essential component of 
training; 69% agreed that it helps improving their clinical 
skills; 77% would like to have US simulation integrated into 
OB GYN training. Table 2 reviews the studies evaluating 
the validity of OB GYN US simulators.17,22,24-26,33,51

There is limited reported evidence on the transferabil-
ity and sustained effect of US simulation training-based 
skills to the clinical setting. This paucity of literature could 
be due to the lack of simulator metric validity and a stan-
dard measuring tool for performance. Figure 1 shows the 
satisfactory rating of US simulators in the improvement 
of clinical knowledge and image interpretation skills in 
the clinical setting. The pooled meta-analysis showed a 
high satisfactory rating proportion of 84% (95% confidence 
interval: 79–90%) without significant heterogeneity (68.7% 
considering 70% or more as presence of heterogeneity).

Types of US Simulators

Currently, there are three types of US simulators.
1. Online: Web-based programs that use mouse-operated 

controls to change scan planes and simulate probe 
manipulation, and display US images corresponding 
to the particular scan plane. To our knowledge, there 
is no clinical validation of this method.

2. High-fidelity mannequins: Consisting of the mannequin, 
simulator, US probe, computer, and monitor. The 
display uses virtual anatomic model images with 
augmented reality and US rendered images or actual 
US images from a stored dataset.

3. Phantoms: Use of a real US unit to image a phantom 
to practice diagnostic and/or procedural skills (e.g., 
echocardiograms-solid heart model to demonstrate 
cardiac anatomy and scan planes, amniocentesis 
phantom, etc.).
Table 3 reviews the currently available OB GYN US 

simulators.11,16,17,22,33,48-51,52-73

Limitations of OB GYN US Simulation

The inconsistency in study design and measurement 
items across the studies that were included in our review 
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Fig. 1: Rating of ultrasound training using simulators

precluded a broader meta-analysis of the effect of US 
simulation on OB GYN education. In most studies the 
scoring system used to measure improvement was not 
standardized and pre- and posttest analysis was not done 
consistently. In some studies a control group was lacking, 
and the US experience of comparison groups was not 
clear. Our review did not include the results of unpub-
lished research studies and non-English language studies, 
and a more comprehensive review of the “gray” literature 
was not performed. Despite the limitations stated above, 
nearly all of the included studies reported substantial 
improvement in clinical knowledge, skills, and confidence 
following the use of OB GYN US simulation.

CONCLUSION

In surgical fields simulation-based training has already 
been incorporated, with proven benefit in procedural 
skills.52-54 Simulators are not perceived as a replace-
ment of clinical training but rather as an aid to speed 
up the basic, as well as advanced skills learning curve. 
A simulator is an educational tool, which imitates real-
life scenarios, closely approximates patient encounters 
to develop knowledge and skills that can be transferred 
to the clinical setting to improve patient safety and 
efficiency. The goal of simulation is to help the learners 
become more confident and competent when caring for 
their patients.55 Additional benefit of simulation is the 
reduction of patient discomfort. Simulation also provides 
an opportunity for independent learning and limits the 
need of supervision. The US simulation is expected to 
improve efficiency and diagnostic skills resulting in 
the decreased need of expensive imaging tools, such as 
computed tomography and magnetic resonance imaging. 
Simulation-based training is gaining more popularity in 
all medical specialties, and following the introduction 

of simulation improved outcomes have been widely 
reported.44,56 The US simulation is a safe, effective, and 
learner-centered educational approach which improves 
image optimization and probe orientation, provides the 
opportunity for unlimited practice without pressure, and 
facilitates a systematic approach to sonography prior to 
the patient encounter (Fig. 2).11,29,33,47,57-59

Patient discomfort and the intimate nature of endo-
vaginal sonography encourage the need of simulation-
based learning. Our systematic review reports significant 
improvement in clinical knowledge, skills and behaviors; 
and moderate effects for patient-related outcomes with 
the use of US simulation in training.11,15,24,67 However, 
the present studies failed to demonstrate a compelling 
body of evidence to support widespread adoption of 
US simulation-based OB GYN education to improve US 
performance skills.

Trainees with varied exposure to simulation found US 
simulation to be useful. Trainees also expressed a desire 
for more substantial incorporation of US simulation in 
their training.51 There is limited but supportive litera-
ture on the usefulness of OB GYN US simulation, which 
reveals that it not only improves the scanning skills of 
trainees and detection rates of abnormal findings but also 
helps providers preserve their skills. It is not surprising to 
see transferability of US skills to the clinical area, though 
not many studies investigated this effect. Despite the 
cost, integration of US simulators in medical education 
seems to have a positive implication on the scanning and 
interpretation skills of trainees.

We hope that this review will encourage various train-
ing programs to include US simulation in the education 
of their trainees with the ultimate goal of improving 
patient safety. More extensive clinical trials are needed to 
assess the long-term impact of US simulation on clinical 
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performance with the use of a comprehensive curriculum 
including advanced simulators. Given that there has 
been only one randomized trial to date which tested the 
impact of US education incorporating a US simulator, 
additional randomized controlled trials are called for.11 
Further studies are needed to specify the number of ses-
sions required to acquire and retain US skills, perform 
cost analysis, and assess validity and feasibility of the 
most recent US simulators.
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