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ABSTRACT

Objective To study the effect of initial simulation-based
transvaginal sonography (TVS) training compared with
clinical training only, on the clinical performance of
residents in obstetrics and gynecology (Ob-Gyn), assessed
2 months into their residency.

Methods In a randomized study, new Ob-Gyn res-
idents (n = 33) with no prior ultrasound experience
were recruited from three teaching hospitals. Partici-
pants were allocated to either simulation-based train-
ing followed by clinical training (intervention group;
n = 18) or clinical training only (control group; n = 15).
The simulation-based training was performed using a
virtual-reality TVS simulator until an expert performance
level was attained, and was followed by training on a
pelvic mannequin. After 2 months of clinical training, one
TVS examination was recorded for assessment of each
resident’s clinical performance (n = 26). Two ultrasound
experts blinded to group allocation rated the scans using
the Objective Structured Assessment of Ultrasound Skills
(OSAUS) scale.

Results During the 2 months of clinical training, partici-
pants in the intervention and control groups completed an
average ± SD of 58 ± 41 and 63 ± 47 scans, respectively
(P = 0.67). In the subsequent clinical performance test,
the intervention group achieved higher OSAUS scores
than did the control group (mean score, 59.1% vs 37.6%,
respectively; P < 0.001). A greater proportion of the inter-
vention group passed a pre-established pass/fail level than
did controls (85.7% vs 8.3%, respectively; P < 0.001).
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Conclusion Simulation-based ultrasound training leads
to substantial improvement in clinical performance that
is sustained after 2 months of clinical training. © 2015
The Authors. Ultrasound in Obstetrics & Gynecology
published by John Wiley & Sons Ltd on behalf of the
International Society of Ultrasound in Obstetrics and
Gynecology.

INTRODUCTION

Ultrasonography is being used increasingly in the field
of obstetrics and gynecology (Ob-Gyn). Although ultra-
sound imaging is traditionally considered safe, its use
is highly operator-dependent1. The lack of sufficient
operator skills can lead to diagnostic errors that may
compromise patient safety due to unnecessary tests or
interventions2. However, ultrasound training is associated
with long learning curves and is therefore time-consuming
and requires extensive teaching resources3,4. Conse-
quently, some residents may never acquire the basic
skills and knowledge needed for independent practice5.
Simulation-based medical education (SBME) has been
suggested as an adjunct to early ultrasonography
training5–11 but there is limited evidence of skill trans-
fer from simulation to clinical performance12,13. Existing
studies on SBME that involve technical or interventional
procedures have focused predominantly on the initial
effects of training14–16 and only a few studies have docu-
mented the sustained effects on clinical performance17,18.
Many resources are currently being allocated to SBME
within multiple disciplines, but its effectiveness may be
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overestimated if only immediate outcomes are evaluated.
For ultrasonography, it could be argued that the effects
of SBME should extend beyond initial training to justify
financial and time expenditure19 as there is little harm
associated with supervised clinical training alone. Hence,
the aim of this study was to explore the sustained effects
of simulation-based transvaginal sonography (TVS) train-
ing, measured after 2 months of clinical training. The
aim of this study was to investigate, in a group of new
Ob-Gyn residents, the effect of initial simulation-based
TVS training followed by clinical training, compared with
clinical training alone, on the quality of scans performed
on patients at 2 months into their residency.

METHODS

The study was a multicenter, randomized observer-blind
superiority trial conducted between 1 May 2013 and
4 April 2014 and reported following the CONSORT
statement20. The study was carried out in the Ob-Gyn
departments of three teaching hospitals in Eastern
Denmark affiliated with the University of Copenhagen:
Rigshospitalet, Nordsjaellands Hospital Hillerød and
Næstved Hospital. Ethical approval was obtained from
the Regional Ethical Committee of the Capital Region,
Denmark (Protocol No. H-3-2012-154). The Danish
Data Protection Agency approved the storage of relevant
patient information (Protocol No. 2007-58-0015). The
trial was reported to clinicaltrials.gov prior to the
inclusion of participants (ClinicalTrials.gov Identifier
NCT01895868).

The study cohort of participants comprised new
residents in Ob-Gyn who were training at the three
participating gynecological departments. The inclusion
criterion was proficiency in written and oral Danish.
The exclusion criteria were (1) prior employment at
an Ob-Gyn department, (2) any formal ultrasound
training with or without hands-on practice and (3) prior
virtual-reality simulation experience. The participants
were recruited by e-mail 2–4 weeks before the first day of
their Ob-Gyn residency.

The primary investigator (M.G.T.) was responsible for
the selection of participants. A research fellow (T.T.)
at The Centre for Clinical Education, Rigshospitalet,
randomized participants, stratified by hospital, to either
simulation-based TVS training and subsequent clinical
training (intervention) or clinical training alone (control).
The randomization was performed by computer using an
allocation ratio of 1 : 1.

Participants of the intervention group were trained on
two different types of simulators in the initial phase of
their residency. The first was a virtual-reality simulator
(Scantrainer, MedaphorTM, Cardiff, UK) designed for
TVS. This system consists of a monitor and a transvaginal
probe docked into a haptic device that provides
realistic force-feedback when moving the probe. The
monitor provides B-mode ultrasound images obtained
from real patients and three-dimensional (3D) animated
illustrations of the anatomical scan position of the probe.

The system includes various training modules ranging
from basic to advanced gynecological and early pregnancy
modules. After completing a module, the simulator
provides automated feedback using dichotomous metrics
in a number of task-specific areas (e.g. scanning through
the entire uterus), as well as general performance aspects
(e.g. sufficiently optimizing the image). The participants
were provided with a 30-min introduction to the simulated
environment and equipment, during which a systematic
examination of a normal female pelvis was demonstrated.
The participants underwent training alone but were able
to request verbal feedback on the metrics that indicated
a fail. The verbal feedback was provided by one of
two simulator instructors (M.G.T. or M.E.M.) and was
limited to 10 min of feedback after a participant had
completed all training modules. Instructors were present
at the simulation center during all training sessions in case
participants needed technical assistance. The participants
were required to train on seven selected modules until
they passed a predefined expert level of performance
corresponding to 88.4% of the maximum total score12.
All virtual-reality simulator training was dispersed in
sessions of maximum 2-h duration and took place in
the Juliane Marie Centre, University of Copenhagen.

Once the participants attained the expert level of
performance on the virtual-reality simulator, their training
was continued using a pelvic mannequin designed for
TVS (BluePhantom, CAE Healthcare, Sarasota, FL,
USA). This mannequin allowed participants to practice
handling the ultrasound equipment and using available
functions (i.e. knobology training) with their local
ultrasound equipment. The mannequin training took
place in the Ob-Gyn department at which the participants
undertook their residency and was continued until
proficiency was reached. Proficiency on the mannequin
was determined using pass/fail levels on the Objective
Structured Assessment of Ultrasound Skills (OSAUS)
scale21–23. Training was discontinued if the participant
had not completed both types of simulation-based training
within the first 4 weeks of their residency. None of the
intervention group participants was informed about their
test scores during training.

Participants in both groups underwent clinical training
but this was the only type of training provided to the
control group. During the first week of their residency,
all participants received a 1-h introductory lecture at
one of the three teaching hospitals on basic ultrasound
physics, knobology, female pelvic anatomy and the
stages included in the systematic examination. Clinical
training comprised a traditional apprenticeship model of
learning under supervision. The protocol for all residents
was to call for assistance whenever needed during
the ultrasound examinations. In cases that requested
supervision, a clinical supervisor would oversee the
trainee’s performance or repeat the scan. There was no
specified minimum number of supervised scans required
before independent practice was allowed at any of the
three participating hospitals. However, certain diagnoses
such as suspected fetal demise or ectopic pregnancy always
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required a second opinion from a senior supervisor,
according to national guidelines.

The primary outcome of the study was the clini-
cal performance of the participants on real patients,
assessed 2 months into their residency. For each
resident, one independently performed TVS exam-
ination was recorded using a hard-disk recorder
(MediCapture-200TM, Philadelphia, PA, USA). Eligible
patients for the clinical performance test were emergency
patients who were referred to a gynecological department
for a TVS examination. The recordings were made while
on call (from 16:00 to 08:00 h) between 7 and 11 weeks
from the first day of the participant’s residency. The first
eligible patient to consent was selected for the assess-
ment. The ultrasound recordings were matched with a
copy of patient record transcripts made by the partici-
pants. The identity of the participants was masked on the
ultrasound videos and the corresponding patient record
transcripts for subsequent assessment by two blinded
raters. The raters were consultant gynecologists who were
experts in TVS. Performance assessments were made using
the OSAUS scale21–23. The number of completed ultra-
sound scans at the time of assessment and the proportion
that had been supervised by a senior gynecologist were
recorded for all participants, to account for any differences
in clinical training between groups at the time of assess-
ment. For participants who completed simulation-based
training, the time used on the simulator, simulator scores
for each attempt on the simulator test, and number of
attempted modules was recorded.

The OSAUS scale was used to rate ultrasound com-
petence; the scale consists of six items pertaining to
equipment knowledge, image optimization, systematic
examination, image interpretation, documentation of
findings and medical decision-making (Appendix). The
original OSAUS scale also contains the optional item ‘indi-
cation for the examination’, which was not included in the
performance assessment in the present study. The OSAUS
items were rated for each participant based on video per-
formance and patient records. The patient records were
used to assess the interpretation and documentation of the
TVS examination as well as the medical decision made fol-
lowing the scan. Each OSAUS item was rated on a 5-point
Likert scale (scale of 1–5, where 1 represents poor per-
formance and 5 represents excellent performance). The
OSAUS scale has demonstrated content validity21, con-
struct validity23, high inter-rater reliability and internal
consistency22,23, as well as evidence of structural validity5.
Credible pass/fail standards were established for the
OSAUS scale in a previous study23. The raters completed
comprehensive training in assessing prerecorded ultra-
sound performances until rating consensus was reached,
which occurred after assessing two videos. The raters
were instructed to assess performance according to that
expected from a recently certified consultant gynecologist.

The selection of the seven simulator modules and
performance standards were based on results from a
previous study12, in which the validity and reliability
of simulator metrics were determined. Only metrics that

demonstrated construct validity (that is, they differed
significantly between novice and expert performances)
were included in the analysis of simulated performances
in the present study.

Sample size calculations were based on data from
previous studies on clinical performance of ultrasound
novices, with and without simulation-based ultrasound
training23,24. From these studies, the expected difference
in OSAUS scores between groups was 17.0% (pooled SD
9.0%). Assuming a dilution of initial training effects of
40% after 2 months of clinical practice25, an alpha-level
of 0.05 and a power of 0.80, a total of 26 participants
were needed in the study26. Participants were recruited
consecutively until the required number had completed
the performance test.

Statistical analysis

Data were analyzed by the primary investigator (M.G.T.)
and the trial statistician (J.H.P.) using SPSS 20 (IBM
Corp., Chicago, IL, USA). All scores were calculated
as percentages of maximum score and OSAUS scores
were calculated as mean scores. A two-way ANOVA
was performed with hospital and group (intervention
vs control) as independent variables and OSAUS scores
as a dependent variable. Assumptions of the model
(homogeneity of variance and normally distributed
residuals) were assessed for OSAUS scores. The pro-
portion of residents that achieved an OSAUS score
above a pre-established pass/fail level of 50.0%23 was
calculated and compared between the two groups using
logistic regression, adjusting for effect of the different
hospitals and interaction between hospital and group.
Scores of the six individual OSAUS items were compared
between groups using Mann–Whitney U-tests. Internal
consistency for the OSAUS items was calculated using
Cronbach’s alpha; inter-rater reliability for the pre- and
post-test assessments was calculated using intraclass
correlation coefficients (ICC).

The simulator scores were calculated as the sum of met-
rics with established validity evidence. Simulator scores on
the first and final attempt, time spent on the simulator, and
number of attempted modules were correlated to OSAUS
scores for the intervention group using multiple linear
regression. Finally, differences in baseline characteristics
between groups were assessed using independent-samples
t-test, Mann–Whitney U-test, and chi-square test when
appropriate. Two-sided significance levels of P < 0.05
were used for all analyses.

RESULTS

Participant enrollment, randomization and follow-up are
illustrated in Figure 1. Participant baseline and follow-up
characteristics are shown in Table 1. The mean length of
time that participants in the intervention group took to
attain the expert performance level on the virtual-reality
simulator was 3 h and 16 min (95% CI, 2 h 56 m to
3 h 36 m) and the mean number of attempted modules

© 2015 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2015; 46: 312–318.
on behalf of the International Society of Ultrasound in Obstetrics and Gynecology.



Simulation-based training 315

Excluded (n = 2):
 Did not meet inclusion criteria due to
 previous ultrasound experience (n = 2)

Allocated to clinical training alone
(control group, n = 15)

Allocated to simulation-based training
(intervention group, n = 18)

Discontinued intervention (n = 2):
 Unable to pass expert level during simulator
        training due to sick leave (n = 1)
 Unable to complete training within 4 weeks
        due to busy work schedule and lack of
        time (n = 1)

Lost to follow-up (n = 2):
 No eligible/consenting patients during
        follow-up period (n = 2)

Lost to follow-up (n = 3):
 No eligible/consenting patients during
        follow-up period (n = 3)

Analyzed (n = 12)Analyzed (n = 14)

Assessed for eligibility (n = 35)

Randomized (n = 33)

Figure 1 Flowchart of the study showing participant enrollment, randomization, allocation of interventions and follow-up.

Table 1 Baseline and follow-up characteristics of participants who completed simulation-based ultrasound (US) training followed by clinical
training and those who underwent clinical training only

Characteristic

Simulation-based
US training

(n = 14)

Clinical training
only

(n = 12) P

Gender (n (%)) 1.00
Male 4 (28.6) 3 (25.0)
Female 10 (71.4) 9 (75.0)

Mean age (years) 34.1 33.5 0.71
Independently performed US scans (mean ± SD) 57.6 ± 40.5 62.5 ± 46.9 0.67
Supervised US scans (mean ± SD (%*)) 43.9 ± 38.1 (76.2) 45.0 ± 38.1 (72.0) 1.00
Allocation of participants (n (%)) 0.23

Copenhagen University Hospital Righospitalet (n = 8) 5 (62.5) 3 (37.5)
Nordsjaellands University Hospital Hillerød (n = 5) 4 (80.0) 1 (20.0)
Næstved University Hospital (n = 13) 5 (38.5) 8 (61.5)

US diagnoses in performance test (n) 0.94
Normal pelvic US with or without intrauterine pregnancy 8 6
PUL or ectopic pregnancy 3 3
Complete/incomplete spontaneous miscarriage, missed miscarriage or blighted ovum 3 3

*Percentage of total number of scans completed. PUL, pregnancy of unknown location.

was 30.3 (95% CI, 27.6–32.9). Learning curves of the first
four rounds of training on the virtual-reality transvaginal
simulator for the intervention group are shown in Figure 2.
Two participants required more than four rounds of
training to attain the expert level.

At the time of the clinical performance test, participants
in the intervention and control groups had undergone
an average of 60.4 (95% CI, 55.3–65.7) days and 62.9
(95% CI, 56.6–69.3) days of clinical training, respectively
(P = 0.46). There were no differences observed in the
reported number of completed scans (mean, 57.6 vs
62.5; P = 0.67) or supervised scans (mean, 43.9 vs 45.0;
P = 1.00) performed by the intervention and control
groups, respectively.

Ultrasound examinations for the clinical performance
test were recorded for a total of 26 participants, thereby
reaching the estimated sample size. Assumptions for the
two-way ANOVA model were fulfilled (normally dis-
tributed residuals and homogeneity of variance; Levene’s
test, P = 0.77). OSAUS scores of the clinical performance
test were significantly higher in the intervention than in
the control group (mean, 59.1 ± 9.3% vs 37.6 ± 11.8%;
P < 0.001). The adjusted absolute difference in OSAUS
scores between the two groups was 20.1 (95% CI,
11.1–29.1) percentage points. There was no main effect
of hospital allocation (P = 0.34) or interaction between
hospital and group allocation (P = 0.84) on clinical per-
formance. A significantly higher number of participants
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Figure 2 Learning curve of participants in first four training rounds
on virtual-reality transvaginal simulator. Two participants required
more than four rounds of training to attain expert level (dotted
line). Error bars indicate ± 2 standard errors.

from the intervention group passed a pre-established
pass/fail level of 50.0% in OSAUS score compared
with the control group (85.7% vs 8.3%, respectively;
P < 0.001). Only 25.0% of the control group attained
scores greater than the lowest performing participant in
the intervention group. There were statistically significant
differences between the scores of the two groups (Figure 3)
on image optimization (P < 0.001), systematic examina-
tion (P = 0.001), interpretation of images (P < 0.001),
documentation of examination (P < 0.001), and medi-
cal decision-making (P = 0.005) but no difference was
observed for knowledge of equipment (P = 0.095).

The performance of the intervention-group partici-
pants during the simulation-based training did not predict
their subsequent clinical performance, as there were low
correlations between OSAUS scores and simulator met-
rics: number of attempted simulator modules (P = 0.58),
first-attempt simulator scores (P = 0.43), final-attempt
simulator scores (P = 0.38), time spent on the simulator to
achieve expert level (P = 0.09). The internal consistency
of the OSAUS items was high (Cronbach’s alpha, 0.91)
and the inter-rater reliability was acceptable (ICC, 0.63).

DISCUSSION

Although the efficacy of technical skills training using
simulation has been well-documented27,28, there has
been limited evidence of the effectiveness of diagnostic
simulation, in terms of transfer to clinical settings5,13,29.
Our study adds to this evidence by demonstrating that,
compared with clinical training only, simulation-based
ultrasound training during the initial part of residency
followed by clinical training of new residents in Ob-Gyn
had a sustained impact on clinical performance on
patients, measured at 2 months into the residency. The
absolute difference in clinical performance between our
intervention and control groups was large and only a
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Figure 3 Objective Structured Assessment of Ultrasound Skills
(OSAUS) scores of participants who underwent simulation-based
ultrasound (US) training followed by clinical training and those
who underwent clinical training only, measured after 2 months into
residency. , Knowledge of equipment; , image optimization;

, systematic examination; , interpretation of images;
, documentation of images; , medical decision-making.

small fraction of the control group were able to pass
a pre-established pass/fail level as compared with the
majority of the intervention group.

Previous studies in other areas of medicine have consis-
tently shown large immediate effects of simulation-based
training when compared with no training30. However,
these studies carry the risk of overestimating the clinical
importance of simulation-based training when evaluating
only the immediate effects. To assess the dilution of train-
ing effects over time, we chose to evaluate participants’
performance 2 months into their residency. The concept
of the intervention in our study was ‘proficiency-based
training’ in accordance with current recommendations27.
This included continuous performance assessment until a
certain competence level was attained, and the effect of the
intervention can therefore be attributed to a combination
of training and testing.

Existing literature has identified three major compo-
nents of ultrasound competence – technical aspects of
performance, image perception and interpretation – as
well as medical decision-making5,31–33. Of these, the
simulation-based training in our study primarily involved
technical aspects of performance, as there is evidence
that even advanced residents lack basic technical man-
agement skills and image optimization skills23. However,
our results demonstrate that large effects were observed
not only for participants’ technical skills but also in other
areas of performance: image interpretation, documenta-
tion and medical decision-making. It is conceivable that
mastering the basic technical aspects reduced cognitive
load34 during clinical training. This may have enabled
participants of the intervention group to allocate cognitive
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resources more effectively to higher-order tasks such as
image interpretation and medical decision-making. In
other words, providing residents with systematic basic
hands-on training may be beneficial to subsequent clini-
cal training. Thus, the effective component in our study
may be that residents were trained systematically in a safe
environment, which allowed them to commit errors and
to practice until proficient35,36.

Despite having completed an average of 60 ultrasound
examinations, of which more than 70% were supervised,
only a small proportion of the control group passed
the clinical performance test. Consequently, 2 months
of clinical training in itself was insufficient to ensure
competence at a predefined basic level, which is consistent
with previous findings5,23. This raises concerns regarding
patient safety and the efficiency of the apprenticeship
model for clinical training. Interestingly, participants in
both groups reported the same amount of supervision
despite substantial performance differences after 2 months
of training. This suggests that competence in itself was
not a strong predictor for supervision but other factors
probably influenced the amount of supervision provided in
the context of this study. Although we did not investigate
details of the reasons for requesting supervision and the
content of the feedback provided, these may have differed
between groups as a result of being at different levels
in their learning curves. However, according to recent
studies, external factors rather than individual training
needs may also determine the level of supervised practice5.

Although participants of the intervention group varied
in simulator scores and amount of time they required
to achieve an expert performance level on the simulator,
there were no significant correlations between perfor-
mance measures in the simulated setting and the clinical
setting. The low predictive validity of simulator metrics
may indicate that the sample size was inadequate to estab-
lish a correlation between performance in a simulated
and clinical setting due to dilution of differences in indi-
vidual performance after 2 months of clinical training37.
However, the lack of correlation between performance
measures used in the simulated and clinical settings may
also reflect the limited predictive value of in-training
assessment for subsequent clinical performances38.

Strengths of this study include the use of a random-
ized single-blind design involving several institutions,
well-defined intervention and control circumstances, out-
come measures with established validity evidence, and
the use of a clinical performance test on real patients.
This study is the first to examine skills transfer after
simulation-based ultrasound training12,13,28 and is among
the few studies that have examined the sustained effects
of simulation on clinical performance16–18.

We acknowledge some limitations to this study,
including the degree of variance in the patients used for
assessment. However, only a limited number of diagnoses
were included in the assessment and there was no dif-
ference in the distribution of case presentations between
the two groups. In the present study, a virtual-reality
simulator and physical mannequin were used for training

the intervention group. Although the effects of training
cannot be attributed to either one of these types of
simulator, the aim of this study was to examine the
efficacy of simulation as a training method and not to
explore the relative effectiveness of different simulators.
We chose to focus on TVS, as the intimate nature
of this examination makes it particularly suitable for
simulation-based training. However, we cannot rule out
that the type and intimacy of the TVS examination affects
the amount and quality of the supervision provided
during clinical training, and therefore the generalizability
of the results to other types of examinations, such as
abdominal ultrasound, requires further study. Finally, the
quality of clinical training may differ between institutions
and countries with regard to the level of supervised prac-
tice and amount of feedback provided, which may affect
the value of adding simulation-based ultrasound training.

In conclusion, despite the performance improvements
demonstrated in the present study, the effects on diagnos-
tic error, patient satisfaction, need for re-examination and
supervision from a senior colleague are among the factors
that need to be explored in future studies involving ultra-
sound simulation. Furthermore, the monetary costs and
time expenditure associated with simulation-based train-
ing, as well as its long-term effects, should be explored
to assess how simulation-based practice compares with
other training strategies19.
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APPENDIX
The Objective Structured Assessment of Ultrasound Skills (OSAUS) scale

Likert scale

Item 1 3 5

1. Indication for the examination*:
if applicable. Reviewing patient history
and knowing why the examination is
indicated

Displays poor knowledge
of the indication for the
examination

Displays some knowledge
of the indication for the
examination

Displays ample knowledge
of the indication for the
examination

2. Applied knowledge of ultrasound
equipment:
familiarity with the equipment and its
functions, i.e. selecting probe, using
buttons and application of gel

Unable to operate
equipment

Operates the equipment
with some experience

Familiar with operating
the equipment

3. Image optimization:
consistently ensuring optimal image
quality by adjusting gain, depth, focus,
frequency, etc.

Fails to optimize images Competent image
optimization but not
done consistently

Consistent optimization of
images

4. Systematic examination:
consistently displaying systematic
approach to the examination and
presentation of relevant structures
according to guidelines

Unsystematic approach Displays some systematic
approach

Consistently displays
systematic approach

5. Interpretation of images:
recognition of image pattern and
interpretation of findings

Unable to interpret any
findings

Does not consistently
interpret findings
correctly

Consistently interprets
findings correctly

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

Does not document any
images

Documents most relevant
images

Consistently documents
relevant images

7. Medical decision-making:
if applicable. Ability to integrate scan
results into the care of the patient and
medical decision making

Unable to integrate
findings into medical
decision making

Able to integrate findings
into a clinical context

Excellent integration of
findings into medical
decision making

Likert is a five-point scale with 1 representing very poor and 5 representing excellent. In the OSAUS rating scale, only three points have
descriptive anchors. *Item 1 was not included in the assessment of performances because only cases for which an ultrasound examination
was indicated were included.
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