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Abstract

Obstetric ultrasound simulators are now used for training and evaluating OB/GYN
students but there is a lack of literature about evaluation metrics in this setting. In this
literature review, we searched MEDLINE and the COCHRANE database using the keywords:
(Obstetric OR Fetal) AND (Sonography OR Ultrasound) AND Simulation. Of a total of 263
studies screened, we selected nine articles from the title and the abstract in PubMed, in the
past 5 years. Two more article were added from bibliographies. A total of 11 articles were
therefore included. from which nine articles were selected from the title and the abstract in
PubMed. Two more articles were added from the bibliographies For each study, data about
the type of simulation, and the metrics (qualitative or quantitative) used for assessment were
collected. The selection of studies shows that evaluation criteria for ultrasound training were
qualitative metrics (binary success/fail exercise ; dexterity quoted by an external observer ;
Objective Structured Assessment of Ultrasound Skills (OSAUS) Score ; quality of images
according to Salomon’s score) or quantitative criteria (Accuracy of Biometry — Simulator
generated metrics). Most studies used a combination of both. To date, simulator metrics used
to discriminate ultrasound skills are performance score quoted by external observers and
image quality scoring. Whether probe trajectory metrics can be used to discriminate skills is

unknown.

Keywords : Ultrasound; Obstetrics; Simulation training; Education; Evaluation ; Metrics.
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Introduction

Ultrasound is a core skill required by all obstetrics and gynecology (OB/GYN)
students that have traditionally been taught during clinical time directly on patients[1]. In
France, it is also recommended to sit a national examination including theory and practice.
However, ultrasound training is associated with long-time learning curves and training
opportunities in clinical ultrasound are becoming scarcer [2]. Students require more than 24
months of clinical experience and 12-24 days of training in specialized ultrasound units
before feeling confident about performing transvaginal and transabdominal ultrasound scans
alone[2]. Furthermore, while ultrasound is usually considered safe for the patient, missed
diagnoses by unskilled operators could cause a loss of chance for both mother and fetus[3].
For example, the prenatal diagnosis of transposition of the great vessels — which requires
planned delivery and perinatal management — drastically influences postnatal outcome[4].
Obstetric ultrasound simulators (OUS) may facilitate access to ultrasound training and
evaluation as they do not need to be used in a clinical setting[5].

The use of OUS for ultrasound training has been largely evaluated [6]'[7][2][8]. In
a series of eight Danish studies, Toslgaard et al. successively explored the learning curves for
students (undergraduate sonographer), examined how to improve the efficiency of training
with the use of dyad practice, and investigate whether improvements were sustained over
time[9]. They also demonstrated skill transfer to subsequent clinical training[10]. Finally, they
demonstrated an added value for the patients after simulation training, such as a decrease in
discomfort, and improvement in their perception of safety, and in their confidence[10].

Evaluating skills in obstetric ultrasound is a time-consuming process and requires
pregnant volunteers who are willing to be used for training as well as available teachers. OUS
are thus a good alternative for student evaluation[11]. However, a fundamental issue for

evaluation is the need for evaluation metrics which would limit subjectivity and increase
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standardization and accuracy thereby producing meaningful comparisons. These can be either
qualitative, sometimes with a subjective assessment based on observation (dexterity score,
OSAUS score), or quantitative (image quality, time to complete exercise, probe trajectory).
Given the relative lack of data in the literature about metrics that are able to
distinguish between levels of expertise, we sought to review the literature and investigate
the current level of evidence about metrics used in ultrasound simulation training in the

field of obstetrics.
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Material and methods

This review was planned, conducted, and reported in adherence with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) standards of
quality[12].

A search of scientific publications was conducted in PubMed and the Cochrane
Library using the keywords: (Obstetric OR Fetal) AND (Sonography OR Ultrasound) AND
Simulation

Eligible studies had to be published in English or French within the past 5 years and to
investigate the use of ultrasound simulators in the specific field of obstetrics for health
profession learners at any stage (initial and continuous) for training or evaluation. Systematic
reviews were not included.

For each study we reported the type of metrics used for evaluation and distinguished
between articles addressing qualitative and quantitative metrics. We also noted whether
trajectory metrics were considered.

The date of last searched was January 11, 2020.

Study Selection

A total of 263 studies were screened, from which nine articles were selected from the
title and the abstract in PubMed. Two more articles were added from the bibliographies
(Figure 1 — Article flow chart). No additional article was added from Google scholar.

Finally, 11 articles were analyzed (Table 1).
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Results

The selection of studies shows that evaluation criteria for ultrasound training were
qualitative metrics (binary success/fail exercise — Dexterity — OSAUS score - Quality of
images) or quantitative criteria (Accuracy of Biometry — Simulator generated metrics). Most

studies used a combination of both. No study used self-evaluation criteria.

Qualitative metrics
Binary Success / Fail exercise

In 2019, Zimmermann et al. compared the results of a theoretical test before and after
a training program combining e-learning and simulation training for 33 midwives [13]. In
addition to the theoretical test, the evaluation metrics studied were: fetus localization, fetal
heartbeat detection, placenta localization, and cervix measurement. Participants were
evaluated three times: initial (T1), after e-learning (T2), and after the simulation training on a
simulator (T3). The notes obtained were 46.6 % [8.3—-83.3 %] at T1. 87.2 % [66.6 a 100 %] at
T2, and 91.6 % [66.6 a100 %] at T3. Scores improved significantly between T1 and T2 (p <
0.001), and between T1 and T3 (p < 0.001). Placenta localization (success/fail) improved
considerably after training (100% versus 28%, p= 0.02) as did cervix measurement (90% after
versus 19% before training, p= 0.03). This descriptive cohort study used binary qualitative

evaluation (success/fail) criteria on a simulator.

Dexterity score

In a study by Chalouhi et al. in 2016 [14], OB/GYN residents, midwives or physicians
sitting the National OB/GYN ultrasound exam were asked to perform a standardized view of
the fetus (head circumference, four-chamber view of the heart, kidneys, spine, stomach, and

upper lip) first on a real patient volunteer and then on a simulator. The evaluation metrics
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were dexterity (scored from O to 10 by an external observer) and image quality according to
Salomon’s score[15]. Both the dexterity scores (6.5+-2 and 5.9+-2.3, respectively, p=0.31)
and the image quality were similar for the simulation and the real patient. The shortcomings
of this study were that dexterity was evaluated subjectively and no quantitative evaluation

metrics were used.

The OSAUS score

The Objective Structured Assessment of Ultrasound Skills (OSAUS) is, as the name
implies, an objective score for ultrasound evaluation which was validated by Tolsgaard et al.
in 2013[16]. The OSAUS score includes seven items, each of them scored from 1 to 5:
indication for the examination, knowledge about ultrasound equipment, image optimization,
systematic examination, interpretation of images, documentation of examination, and medical

decision making.

In another paper, Tolsgaard et al. reports on a multicenter randomized single-blinded
study of 26 students randomized between a simulation group and a clinical practice group.
During the first week of their residency, the interns received a 1-hour course on ultrasound

basics and pelvic anatomy. The first group (n=14) received a simulator training (Scantrainer,

MedaphorTM, Cardiff, UK) and a clinical training, whereas the control group received
traditional clinical training under supervision only (n=12). Students from the first group had
to complete seven training modules on the simulator (gynecology and first trimester
pregnancy modules) and achieve an expert (graduate sonographer) level of performance. The
mean time necessary to reach the expert performance level on the simulator was 3h 16
minutes (CI 95% [2h56; 3h36]) and after a mean of 30.3 attempts [27.6;32.9]. The metrics
recorded on the simulator were: the time spent on the simulator for each module; the resulting

scores; dichotomous variables caught by the simulator (for example, screening of the entire
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uterus in a sagittal plane); and the number of attempts. The participants of the simulation
group also trained on a phantom mannikin (BluePhantom, CAE Healthcare, Sarasota, FL,
USA) for transvaginal ultrasound scan with their local sonographer. In the clinical training
group (control group), the interns started directly with a patient and could call his/her superior
if needed[9]. Competency was assessed by two independent external observers with the
OSAUS score after retrospectively viewing a video of a scan obtained on a real patient. The
OSAUS scores during the clinical evaluation were significantly higher in the simulation group
than in the control group (59.1£9.3 vs 37.6+11.8; p<0.001) with significantly more successful
exercises in the simulation group (85.7% vs 8.3%; p<0.001) and improvements in
optimization (p<0.001), systematization (p=0.001), decision making (p=0.005),
documentation (p<0.001), and image interpretation (p<0.001). No difference was found for

equipment management (p=0.095).

Another study, by Gueneuc et al. in 2019, used the modified OSAUS score (five
items, rated from 1 to 3) to assess the dexterity of 40 midwifery students randomized into two
groups with different schedules for ultrasound simulation training (Vimedix TM, CAE
Healthcare, Sarasota, USA)[17]. Group A (n=24) learned with the traditional academic
course: clinical ultrasound training followed by an evaluation on an OUS (E1A). Group B
(n=16) was evaluated on a simulator before the clinical ultrasound training (E1B). After these
initial assessments, both groups were provided with learning and training sessions on an OUS,
and re-evaluated in the same exercise (E2A and E2B). Group B then completed its clinical
ultrasound training and was evaluated 1 month later on the simulator (E3B). The evaluation
consisted in scoring the biometry images and of assessing their competence based on the
OSAUS score, by external observers. After the clinical training of Group B, their OSAUS

score (E3B) was significantly higher than that of Group A (E1A) after their clinical training
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(3.45/5 vs. 2.375/5 [P=0.00017])[16]. The authors concluded that the best time to train on

simulators seems to be prior to clinical training on real patients.

Quantitative metrics
Image quality scoring

In the same study [17], Gueneuc et al. also compared the quality of the images
produced by the midwives before and after the simulation training, using the image-quality
score developed by Salomon et al.[15]. This score is used for quality control for routine
standardized fetal ultrasound images obtained in the second trimester of pregnancy. It is based
on expert analysis of the images and allows for good inter- and intra-reviewer reproducibility
(Table 3). The image quality score in Gueneuc et al.’s study was higher in group B (9.95
versus 12.67, p=0.003).

Chalouhi et al. published a prospective case control study in 2016 comparing a
simulation group A (N=10) and a clinical training group B (n=10)[6]. The metrics of
evaluation were image quality (again scored by external observers) according to Salomon’s
score[15] and acquisition time. The total score in group A for image quality (14.3/18 + 1.4)
was significantly higher than that for group B (10.3 £ 2.75) (p = 0.001). The time needed to
accomplish the whole exam tended to be longer for group A (569+174s) compared to group B

(479+104s).

A Canadian prospective case control study by Rosen et al. in 2017 sought to assess the
impact of simulation training in 18 first or second year interns randomized in two groups:
simulation training and clinical training on a real patient [18]. The participants were asked to
perform four planes of the fetal brain on a real pregnant patient as a pre- and post-training

test: (1) head measurements (biparietal diameter and circumference), (2) cavum septum
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pellucidum, (3) posterior horn of the lateral ventricle, and (4) posterior fossa. Each image was
scored from O to 5. The evaluation metrics assessed by external observers were the quality of
the image (focal adjustment, depth and zoom) caliper positioning, and landmark recognition.
They observed a significant improvement after the training in both the clinical (mean pre-
training score 13.3 versus mean post-training score 24.6; p<0.04) and the simulation group
(mean pre-training score 15.9 versus mean post-training score 28.9, p< 0.05). They concluded

that initial training on a simulator was as useful as clinical training on a real patient.

Fetal biometrics

Burden et al. published a prospective study in 2013 using fetal biometrics to assess
participants’ skills (18 students and 8 certified experts) in a virtual reality setting using an
ultrasound system on a full size mannikin (UltraSim™, MedSim Inc, Fort Lauderdale, FL,
USA)[19]. The planes studied were crown-rump-length of the fetus in the first trimester and
biparietal diameter, occipitofrontal diameter and femur length in the second trimester. The
metrics used for evaluation was the mean gap in percentage between the students’
measurements and the gold standard (experts’ measurements). Over the five repetition scans,
the mean percentage difference fell from 7.1% to 4.1% for CRL measurement, and students
halved the time they took to make the measurement (141s to 70s p<0.001). The time taken for
students to complete CRL and fetal biometry scans decreased significantly (all P < 0.05) with

repetitions.

In another prospective study by Le Lous et al. in 2017, the objective was to measure
the time needed to obtain the femur biometry plane before and after a 1-hour training in 30
students. The metrics used were the optimization of the image (gain, zoom, caliper

positioning) as well as the angle to the horizontal, and acquisition time. They showed a 30%

10
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reduction in the time to obtain the right plane (86 sec versus 125 sec, p=0.015) after the
training, with a similar angle to the horizontal 10.08 versus 9.68, p=0.84 and similar femur
length (31.3mm versus 32mm, p=0.15). These criteria required a third person to measure the

length and angle on the images a posteriori.

Another study published in 2015 by Akoma et al. was unusual as they used a porcine
phantom simulator to assess if simulation training improved students’ performance [20].
Local ultrasound machines were used and an examiner assessed the time to obtain the view,
and correct positioning of the calipers. After the training, each participant performed fetal
biometry three times on a real patient (head circumference, biparietal diameter, abdominal
circumference, and femur length), with the measurements having been previously made by an
expert as a reference. The participants were then randomized in two groups; the first group
(n=12) received 2 hours of training on a real patient and 1 hour on a simulator, and the other 3
hours in a clinical setting. New biometrics were obtained after the training on real patient. No
difference was observed between the two groups in terms of time to complete the
examination, fetal biometry errors, and number of satisfactory images (p = 0.72). This study
is interesting as it shows the potential of a low-cost simulator. However, once again, an

external observer was necessary.

Finally, in a multicenter prospective case control study conducted by Andreasen et al.
in 2019, the simulator training effect was measured using the exactitude of fetal weight
estimation before and after a simulation training [21]. The metrics of evaluation were first the
precision of fetal weight estimation, the quality of the images using Salomon’s score, the time
spent on the simulator, and the time necessary to complete fetal weight estimation. Fetal
weight estimation was performed on a pregnant patient in the third trimester within 3 days

before delivery (elective c-section or labor induction).

11
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Students were randomized into two comparable groups: “simulation training” or
“usual training”. The mean time spent on the simulator was 185.5 minutes. After completing
the training, the participants estimated the fetal weight once again and the images obtained
were scored by two experts using Salomon’s quality score [15]. The estimated fetal weight
was compared to the actual birth weight. After adjustment on the clinical experience, the
simulation group improved its diagnostic precision by 32% (CI 95 % [6.9, 50.1], (p=0.02).
Image quality scores improved by 1.2 points (CI 95 % [0.4, 20,1] p=0.0059) in the simulation
group, without any changes in the control group (IC a 95 %, [-0,8, 1,0] (p=0,78). In this study,
evaluation was based on a robust objective and quantitative criterion: the difference between
ultrasound estimation and actual birthweight. However, this is not a convenient criterion, first
because it is not easy to practice on pregnant volunteers just before delivery, and second
because we know that estimation of fetal weight late in the third trimester is challenging and
not the time when routine scans are performed. Overall, these observations highlight the

necessity to have other metrics.

Simulator-generated metrics

Simulator -generated metrics can also bu used for the evaluation of the students, when
the simulator itself gives a feedback to the student at the end of the exercise.

Madsen et al. published a prospective study in 2017 comparing the learning curves of
20 midwives after two training sessions on two simulators: a virtual-reality simulator
(Scantrainer, Medaphor, Cardiff, UK) and a physical pelvic mannequin (BluePhantom, CAE,
Sarasota, FL) [22]. The participants first received 30 minutes of explanation about the
simulator and its functions, and then the number of repetitions necessary to reach a predefined
performance level and the time taken to complete the examination were recorded. Simulator

scores were based on automated measurements of movement accuracy, completeness of scan,

12
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image optimization technique, and finally, the accuracy of different measurements. The
OSAUS score was also rated. The participants then measured cervical length on a real patient.
A good correlation was found between the time necessary to reach performance level
(Pearson correlation coefficient: 0.78, p<0.001), and performance score in the clinical setting
and on simulators (Pearson correlation coefficient: 0.81, p=0.049). This study showed that
performance of the different tasks was related and identified slower participants who needed
extra training.

Tolsgaard et al., in their randomized study in 2015, also collected simulator generated
metrics in the simulation group [9]. After completing a module, the simulator provided
automated feedback using dichotomous metrics: scanning through the entire uterus, and
sufficient optimization of the image. However, this automated feed-back was not sufficient to

evaluate the students and they mainly used the OSAUS score.

13
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Discussion

This literature review describes the evaluation metrics currently used to assess ultrasound

simulation training in the field of obstetrics: they can be either quantitative or qualitative, and

assessed by an independent external observer or by the simulator itself. Simulation training is

being increasingly used to teach ultrasound skills that are crucial for learners in many medical

areas and especially for OB/GYNs and midwives. It is therefore important to define metrics

of evaluation.

Most of the studies in this review, focused on the quality of the images produced as a
means of assessing the participants’ skills. This involves collecting the images produced in
the simulation task and scoring their quality a posteriori based on a score developed by
Salomon et al, with the help of one or two experts who look at all the images. The
Salomon score is an image quality score based on expert scoring and gives a good inter-
and intra-observer reproducibility[15]. To avoid the need for expert scoring, image quality
could also be assessed with deep learning image recognition[23].

However, beyond producing quality images, learners of ultrasound skills must also
know how to interpret them correctly and, of course, to diagnose major fetal defects. They
must also know how to manage the machine: most simulators include functions — focus,
depth, zoom - for image optimization. Thus another way of assessing students’ skills is by
the OSAUS score, a valid and reliable tool developed by Tolgaard et al. to assess student’s
ultrasound skills in all its aspects. It is composed of seven items and also scored by an
external examiner. The seven items assess the student’s aptitude to: establish the
indication; manage the technical aspects of an ultrasound machine; optimize the image;
systematize the scan; interpret the images; and document the results (Figure 2).

Another metric which has been used is dexterity scored by an external observer.

Dexterity corresponds to the fluency in the execution of a task. For example, in Chalouhi et

14
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al.’s study, dexterity was subjectively assessed by a score ranging from 0 to 10. While it is
relatively easy for an expert to correctly evaluate the skills of a student just by looking at
her/him and assessing ease of manipulation, this evaluation remains subjective. Future
work may be necessary to know if this parameter could be objectively and numerically
assessed comparing the smoothness of the trajectories according to expertise.

Of the 11 studies included in our review, only two used simulator generated metrics.
The automated feed-back provided by the simulator were: time spent on the simulator and
number of repetitions to achieve a certain level of performance, or dichotomous variables
such as optimization/no optimization, scanning of the entire uterus/or not. This shows the
volume examined, objectifies the systematization of the fetal scan, and flags up if a student
“forgot” to scan one part of the fetus. The time required to obtain the right plane is also
interesting, but the duration of the task might not be correlated with skill. The efficiency of
the movement and systemization of the examination could also be an interesting way of
automatically evaluating students. This could be assessed by recording the trajectory of the
probe. However, to the best of our knowledge, an automated analysis of the image quality

or of probe trajectory has not been studied to date.

All the studies included in this review agree that simulation may be of added value to
clinical training. Not only can the student be trained in an undisturbed environment outside
the clinical setting, but it may also allow an overview of the most frequent malformations,
especially for simulators which store a panel of pathological images which the student can
scan and record. The capacity to recognize a fetal defect may also be used for evaluation as
evaluation with volunteer patients typically involve normal fetuses. The criteria are
therefore the capacity to obtain the right plane with correct measurements, use the machine

correctly to position the calipers, and obtain a good image quality. The use of simulator

15
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would allow evaluation of their capacity to make the right diagnosis — the ultimate aim of
ultrasound — especially of malformations for which the antenatal diagnosis impacts fetal
prognosis.

It is worth noting that none of these evaluation modalities assess non-technical skills.
Fetal ultrasound is not without psychological risks as it can generate uncertainty and
anxiety that can interfere with the mother-child bonding[24]. Telling a couple that their
fetus has a defect is difficult and this aspect cannot be taught or evaluated by a virtual
simulator. The best way to train for this may be through patient-actor simulations which
could be included in the training.

Finally, it has been demonstrated that clinical experience and time spent in specialized
ultrasound units are predictors of students' confidence in performing ultrasound
independently[2]. This highlights that simulation training can only ever be a complement

to clinical training, and not replace it.

Conclusion

Establishing clear metrics to evaluate ultrasound skills is challenging. Evaluation by
ultrasound simulation is interesting and different metrics of evaluation already exist,
though most involve an external observer. The main interest of the OUS would be the self-
teaching, if the technique did not require an external observer. The most common
evaluation criteria are the quality of images produced, the accuracy of measurement, and
the capacity to optimize the image. Additionally, the capacity to detect a fetal
malformation may be investigated as an evaluation criterion allowed by simulators.
Finally, dexterity could be an interesting way to automatically discriminate a level by

studying the trajectory of the probe.
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Figure 1. Flow Chart
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Author Journal Design N Learning objective System Planes Trajectory Metrics used
metrics
Andreasen et al. Ultrasound in ~ Prospective 70 Impact of simulation Medaphor HC No Image quality by Salomon criteria
2019 obstetrics & case control according to level Scantrainer AC Time on simulator
gynecology experience (Cardift, UK) FL Time to achieve task
Precision of Fetal biometrics
Gueneuc et al. Gynecology Prospective 40 Second trimester scan Vimedix TM, IAF No Image quality by Salomon critera
2019 Obstetrics Placenta localization CAE Healthcare, HC OSAUS score
Fertility and Fetal presentation (Sarasota, USA) BIP
Sénology Fetal biometrics AC
Amniotic fluid evaluation FL
Zimmerman et Gynecology Retrospective 33 Placenta localization ND 0 No Fetal presentation, maniability of
al. Obstetrics Fetal presentation the probe, cervix position, placenta
2019 Fertility and Fetal biometrics localization
Sénology Amniotic fluid evaluation
Rosen et al. Journal of Prospective 18 Fetal brain examination Vimedix Ob/Gyn BIP No Image optimization (gain, zoom,
2017 Obstetrics case control CAE Healthcare, HC calipers)
and Montreal, Quebec ~ Cerebellum Acquisition benchmark
Gynecology Posterior ventricle Calipers position
Canada Cavum of septum
pellucidum
Lelous et al. Journal of Prospective Femoral Length Vimedix TM FL No Image optimization (gain, zoom,
2017 Gynecology Simulator calipers)
Obstetrics Angle to the horizontal
and Human Time to achieve task
Reproduction
Madsen et al. Journal of Prospective 20 Cervical Length Scantrainer, FL No OSAUS score
2017 Ultrasound in Medaphor, Time to achieve task
Medicine Cardiff, UK Time spent on simulator
BluePhantom, Number of repetitions
CAE, Sarasota, Simulator generated metrics
USA
Chaloubhi et al. Journal of Prospective 20 Second trimester scan ND HC No Image quality by Salomon criteria
2016 obstetrics case control BIP Time to achieve task
Gynecology AC
and Human FL
Reproduction Placenta localization

Fetal presentation




Chalouhi et al. American Prospective 29 Fetal biometrics . . ™ BIP/HC No Image quality by Salomon criteria
2016 Journal of Vimedix — (CAE ¢ Dexterity (1 — 10)
Obstetrics Healthcare, FL
and Sarasota, USA) Upper lip
Gynecology Four chambers view
Right/Left cardiac outlet
Kydneys
Diaphragm
Stomach
Spine
Akoma et al. Journal of Prospective 24 Fetal biometrics 0 BIP No Measurement
2015 ultrasound in case-control HC Time to achieve task
medicine AC
FL
Tolsgaard et al. Ultrasound in ~ Prospective 26 Cervical Length Scantrainer, NC No OSAUS Score
2016 Obstetrics & case-control M ™ Time spent on the simulator
edaphor™ ", . .
Gynecology Cardiff, UK Simulator generated metrics
BluePhantom, Number of repetition
CAE Healthcare,
Sarasota, FL, USA
Burden et al. Ultrasound in ~ Prospective 26 Crown-Rump Length . ™ CRL No Mean gap with gold standard (%)
2013 Obstetrics & Fetal biometrics UltraSnn ; BIP/HC Time to achieve task
Gynecology MedSim Inc., Fort g

Lauderdale, FL,
USA

HC : Head circumference ; BIP : Biparietal diameter ; AC : abdominal circumference ; FL : femur length ;AFI : Amniotic fluid index ; CRL Crown Rump Length

Table 1. Litterature overview of ultrasound simulation metrics.
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Table 2. OSAUS Score

1. Indication for the examination
If applicable. Reviewing patient history and knowing
why the examination is indicated

2. Applied knowledge of ultrasound equipment
Familiarity with the equipment and its functions,
selecting probe, using buttons and application of gel.

3.Image optimization
Consistently ensuring optimize image quality by
adjusting gain, depth, focus, frequency

4.Systematic examination

Consistently displaying systematic approach to the
examination and presentation of relevant structures
according to guidelines.

5.Interpretation of images

Recognition of image pattern and interpretation of
findings.

6.Documentation of examination
Image recording and focused verbal/written
documentation.

7.Medical decision making
If applicable. Ability to integrate scan results into the
care of the patient ad medical decision making.

1

Displays poor
knowledge of the
indication of the
examination

Unable to operate
equipment

Fails to optimize
images

Unsystematic
approach

Unable to interpret
any findings

Does not document
any images

Unable to integrate
findings into
medical decision
making

3

Displays some
knowledge of the
indication of the
examination

Operate the equipment
with some experience

Competent image
optimization but not
done consistently

Displays some
systematic approach

Does not consistently
interpret findings
correctly

Documents most
relevant images

Able to integrate
findings into a clinical
context

5

Displays ample
knowledge of the
indication of the
examination

Familiar with operating
the equipment

Consistent optimization
of images

Consistently displays
systematic approach

Consistently interpret
findings correctly

Consistently documents
relevant images

Consistent integration
of findings into medical
decision making




Table 3. Image quality score by Salomon et al.

Biparietal diameter Abdominal circumference Femur Length
1 Symetrical Symetrical Both femur extremities are visibles
2 Thalami present Stomach present Angle to the horizontal <45°
3 Cavum pellucidum present Sinus porta present Sufficient zoom
4 No Cerebellum No kydney Correct position of the calipers
5 Sufficient zoom Sufficient zoom
6 Correct position of the calipers and Correct position of the calipers
ellipse and ellipse

Total Score 6 6 4






