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Bo3M0)XXHOCTU MCNOJIb30BaHUA BUPTYaJIbHOIO iy
cumynatopa «Vimedix 3.2» B npouecce obyuyeHus
no cneuuanbHOCTU «Y/bTpasBYKOBas AUArHOCTUKA»

B.A. Bacunees, C.H. Kongpuunna

[NeTpo3aBofcKuin rocyAapcTBEHHbINA YHUBepcuTeT, eTpo3aBoAck, Poccus

AHHOTALMA

O6ocHoBaHMe. B nocneaHue rofpl akTyanbHO M3MeHeHWe METOAMK W NMpOrpamMM MpenoAaBaHns MHOTUX AWCLMNIMH, B TOM
uucne yNbTPa3BYKOBOW AMArHOCTUKM, C BKIIIOYEHWEM B HUX Pa3/IMYHbIX BUPTYaNbHbIX M CUMYNALMOHHBIX YCTPOMCTB. [paKTu-
YECKWI OMbIT UCMOb30BaHUA NOAOBHBIX TEXHONOMWN B NpoLecce 06y4eHUs [OCTAaTOYHO HEMPOAOIIKUTENEH, B CBA3U C 3TUM
B OTEYECTBEHHOI U 3apybexHO IUTepaType MMEKTCA UL HEMHOTOYUCNIEHHBIE OpUTMHAMbHBIE PaboThl, MOCBSALLEHHBIE 3TOM
TEME.

Lienb — onpenenutb BO3MOXHOCTM WU anropuTM UCMOMb30BaHUS BUPTYaNbHOTO CUMyNATOPA YNbTPa3ByKOBOrO MCC/eA0Ba-
HWSA B mpoLiecce MpenofaBaHns AUCLUMMIIMHBI «y/bTPa3ByKoBas AMArHOCTUKa» Ha OCHOBaHWM pe3ynbTaToB paboThbl C HUM.
OueHuTb MpeuMyLLEecTBa U HEA0CTATKV NPUMEHEHUS CUMYJIAITOPA B CPABHEHWM C TPaAULMOHHON METOAMKOW NpenoaaBaHus.

Martepuansl u MeToabl. [lpoaHanu3vpoBaHbl pe3ynbTaThl NPUMEHEHUS BUPTYanbHOro TpeHaxepa «Vimedix 3.2» B yyebHOM
npouecce. Ha HEM npoBoAMAUCHL CUMYNALMK TpaHcabA0MUHAMBHOMO YNBTPa3BYKOBOr0 UCCIe,0BaHUA OpraHoB OpIOLLHOI No-
NOCTU, TPAHCTOPaKasbHO! 3XoKapamorpadmm, TPUNNEKCHOr0 CKaHMPOBaHMs MarucTpabHbIX COCyAoB. B npouecce uccnepo-
BaHWA y4yacTBOBanW 26 OpAMHATOPOB MO CMELManbHOCTU «yNbTPasByKoBas AWarHOCTUKa» U 37 Bpayei, NpoxoamBLUMX 06-
yueHue Ha Kypcax npodeccroHanbHoW NepenoaroToBKy.

PesynbTathl. [lpuMeHeHne BUPTYanbHOTO CUMYNIATOPA Ha HaYanbHOM 3Tane B y4ebHOM NMpoLecce MOXKET YCTPaHWUTb MHOTUe
npobnembl, C KOTOPLIMU CTANIKUBAKOTCA OPAMHATOPLI U KYpcaHTbI NPY 06y4eHMM Ha KMHUYecKuX basax. Mcnonb3oBaHue cu-
MynsiTopa B NpoLiecce TECTUPOBaHUS NPEeACTaB/IAETCA MEHee MPeAnoyTUTENbHLIM, M0 CPABHEHMIO C MPaKTUYECKUM 3K3aMe-
HOM C MCMO/b30BaHWEM YNbTPA3BYKOBbIX CKAHEPOB W PeasnbHbIX NALMEHTOB.

3aknouenune. Cumynatop LenecoobpasHo UCMob30BaTh Ha HAaYaNbHOM 3Tane Ans 0TpaboTKM MeTOAMKM uccneaoBaHms. Pe-
KomeHAyeTcs paspaboTka W ucnonb3oBaHue B 0byyeHUM SOMONHMTENBHBIX y4ebHO-MeToaNYecKUX MaTepuanos 1 yuebHoi
nporpamMbil. MpenMyLLiecTBamMK BUPTYanbHOr0 CUMYNATOpa ABASAOTCA KOM(OPTHOCTb paboThl Ha HayanbHOM aTane obyueHus,
Marioe BpeMsl ero 0CBOEHMs, Hanuume 0BLIMpHOM Ba3bl AaHHbIX NaTONOrMYECKUX CyyaeB. BoiABNEHHbIE HEKPUTUYHBIE HE[0-
CTaTKW TPebYIOT KOPPEKLMM NPU JanbHENLLEM 00YYEHUN B KITMHUKE.

KnioueBble cnioBa: CUMyNALMOHHOE 0By4YeHWe; BUPTYaNbHbI TPEHAXEp; CUMYNATOP YbTPa3BYKOBbIX MCCNeL0BaHUI;
yNbTPa3BYKOBasA AMarHOCTUKA.
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Possibilities for using the Vimedix 3.2 virtual
simulator to train ultrasound specialists

Valeri A. Vasilev, Svetlana N. Kondrichina

Petrozavodsk State University, Petrozavodsk, Russia

ABSTRACT

BACKGROUND: In recent years, it has been critical to modify training methods and programs in numerous areas, including
ultrasound diagnosis, with the use of various virtual and simulation devices. Because practical experience with employing such
technologies in the teaching process is limited, there are few original studies on the subject in Russian and foreign literature.
AIM: To determine the possibilities and algorithms for using a virtual ultrasound simulator to train ultrasound specialists based
on the results of related work, as well as to assess the benefits and drawbacks of simulators in comparison to conventional
teaching methods.

MATERIALS AND METHODS: The results of using the Vimedix 3.2 virtual simulator in the teaching process were analyzed.
Simulations of abdominal ultrasound, transthoracic echocardiography, and triplex scanning of major vessels were performed.
The study included 26 residents specializing in ultrasound diagnosis and 37 physicians undergoing professional retraining
courses.

RESULTS: Using a virtual simulator during the initial stage of training helps eliminate many of the challenges that residents and
trainees encounter in clinical practice. The use of a simulator during testing appears to be less beneficial than during a practical
examination employing ultrasound scanners and real patients.

CONCLUSION: The use of a simulator at the initial stage is advisable to get familiar with this research methodology. It is
recommended to develop and use additional teaching materials and programs in training. The advantages of the virtual
simulator include ease of use during the initial stages of training, a steep learning curve, and the availability of an extensive
database of pathological cases. The identified noncritical shortcomings require correction during further training in the clinic.

Keywords: simulation training; virtual simulator; ultrasound simulator; ultrasound diagnosis.

To cite this article:
Vasilev VA, Kondrichina SN. Possibilities for using the Vimedix 3.2 virtual simulator to train ultrasound specialists. Digital Diagnostics. 2024;5(1):41-52.
DOI: https://doi.org/10.17816/DD586551

Submitted: 20.09.2023 Accepted: 18.01.2024 Published online: 11.03.2024
V-2
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/DD586551
https://doi.org/10.17816/DD586551

ORIGINAL STUDY ARTICLES Vol. 5 (1) 2024 Digital Diagnostics

DOI: https://doi.org/10.17816/DD586551

£ “iEFEigk" Sl IiEd{sEmEEEI
2= “Vimedix 3.2"” g9aJ171%
Valeri A. Vasilev, Svetlana N. Kondrichina

Petrozavodsk State University, Petrozavodsk, Russia

HE

WiE. EFR, WHEAZHENKTSARREEETEMRRER A 72K, BeAtR e
FER A A Bt EIEATSR2] . B R A Y R BOR I S e I A 24 /0, EIX Ty
[, EAA SRR A R — R R A E == L.

B AWETCH H B2 R 8 RE SO0 A DS 0 AR S5 2R, WhEfE “BA S FR#Ee
SRR A P A A A B AT PRI ST VRGP RIS S AR S e A AR B SR
PR ¥E. 0 AR AR A B S AS “Vimedix 3,27 BISER, fEiZAAE L
BT TEESEEREERE. SRS 0sEERE. KSR =21, RNz 554
fh264n “EFEIsH LR BRI ANST 44 5 s I BNV B TR AL A B 2E

SR FEHCEFRIRERIWIAR R B RE AU IR T LAV B B 12 TR 27 BAE i PRI 37 27 >) I8
FRIVF 2 [0 L. 550 FH AR P 4 4 ORI G AT S 5 CAR B, AR X A 8 P AR
LA AT,

Gik. EWIIGI BUE B R G IR & TR AT I . R BUES0 TR IT R AN F AAM I 2
MAMFEE TR RIS OO0 R AL BCAVIINE U7 (8, BRI AR, A7 K& B K
o EURBLAR S BR R EAE I PRt — 2B BRI P B I

KRR BHIZR, RIS, AR, A2,

S A

Vasilev VA, Kondrichina SN. 7E “HifE 21”7 AL R A B AEIAT “Vinedix  3.27 WW4THME. Digital Diagnostics.
2024;5(1):41-52. DOI: https://doi.org/10.17816/DD586551

W3] : 20.09.2023 55 18.01.2024 RATHR: 11.03.2024

ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/DD586551
https://doi.org/10.17816/DD586551

b4

ORIGINAL STUDY ARTICLES

BACKGROUND

Virtual and simulation technologies have recently
increased applications in various areas of medicine,
including teaching medical students. Various simulations
of real processes have long been used in the training and
practice of specialists in numerous areas, and they have
been developed for several decades [1-3]. This process is
accelerating because of both the widespread digitization of
our lives and the active implementation of such technology
in clinical practice.

Virtual simulators and augmented reality technologies
are increasingly being used in clinical practice, not only for
diagnosis but also for therapeutic purposes in areas such
as surgery, anesthesia, and resuscitation. These include
three-dimensional (3D) anatomy and imaging tables, virtual
reality programs for studying human anatomy, and surgical
simulators and robots [4-6]. Consequently, digital methods
are being used in teaching and knowledge assessment of
medical graduates and healthcare professionals undergoing
retraining during state certifications and accreditations,
including ultrasound diagnostic specialists [1, 7]. The interest
in such technologies increased because medical schools and
postgraduate education institutions are finding it increasingly
difficult to teach some specialties in clinical settings.

These include limitations specific to working in the clinic,
such as research place and time constraints [7, 8], shortage
of ultrasound machines, lack of mentors, and access issues
during quarantine. Other challenges are related to the
individuals being examined, including psychological pressure
on students during their first interactions with patients,
some patients’ reluctance to be examined by students [8],
lack of patients with the pathology of interest in the clinic,
and poor visualization in the so-called “difficult” patients.
Moreover, some problems are related to students’ theoretical
knowledge and level of engagement, which can significantly
increase the time for practicing the required skills, which is
limited in the clinic. Furthermore, skill building in ultrasound
scanning techniques can be challenging because of a lack
of understanding of normal and abnormal anatomy. This
refers to the proper sensor placement, which can be time-
consuming and uncomfortable for the patient.

Thus, changes in the teaching methods and curricula for
some specialties in medical schools and the use of modern
virtual and simulation devices are necessary. It is especially
relevant in training radiology specialists because digital
image processing software has long been used in X-ray
diagnosis, and specialists must have adequate skills and
expertise.

However, the experience of using such technologies in
teaching medical students is limited. Consequently, original
articles on the subject in both Russian and foreign literature
are limited. The majority of these articles emphasize the
benefits of simulation technologies in training ultrasound
diagnostic specialists [7-10]; however, certain disadvantages
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exist, particularly in testing and knowledge assessment [7].
Virtually no standardized approaches have been established
for simulation training in diagnostic ultrasonography, efficient
use of virtual simulators, establishing their role in the
educational process and evaluating the results of their use.
Data on the development and effectiveness of special training
modules and teaching materials aimed at mastering specific
types of simulators are limited.

In this regard, we analyzed our experience with modern
digital technologies in teaching and knowledge assessment,
using an ultrasound simulator as an example. The virtual
simulator has been used for 4 years for training of ultrasound
diagnostic specialists at the Department of X-ray Diagnostics
and Radiation Therapy of the Institute of Medicine of the
Petrozavodsk State University. The simulator is intended
for first- and second-year residents and physicians during
professional retraining. The simulator is used by residents
during the final state certification and for primary accreditation
of ultrasound diagnostic specialists.

AIM

To determine the possibilities and algorithms for the use
of a virtual ultrasound simulator to train ultrasound diagnostic
specialists based on the results of using a simulator to assess
the benefits and drawbacks of simulators in comparison with
conventional teaching methods.

MATERIALS AND METHODS

The results of using a Vimedix 3.2 virtual ultrasound
simulator (CAE Healthcare, Canada) in the teaching process
were analyzed. This simulator is the most widely available
in both the Russian and foreign markets. It includes several
mannequins and sensors for practicing ultrasound scanning
technigues in various areas and an abnormal case database.
The simulator includes an Omen laptop (Hewlett-Packard,
USA) with wireless connection, a mouse, a male multipurpose
mannequin, an array of ultrasonic convex sensor, and a
sensor adapter (Fig. 1).

Fig. 1. Vimedix 3.2 virtual ultrasound simulator.
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The laptop used comes with original ultrasound simulation
software that supports both 2D and 3D/4D anatomical modes
with multiplanar reconstruction. Microsoft HoloLens 2 (USA)
mixed reality technology allows the user to visualize the
anatomical structures of interest in the “live” mode, i.e.,
in motion. It is used to facilitate navigation in the area of
interest by assessing X-ray tomographic images [11, 12]
and in the simulator for correct sensor positioning during
simulation [13]. In the laptop screen’s workspace, in addition
to the 2D image, a separate window displays a 3D/4D
animated anatomical image of the organs within the scanning
area. Users can control the display of anatomical structures
and split the window for better visualization.

The simulator can imitate procedures such as
transabdominal  ultrasonography, transthoracic
echocardiography, and scanning of major vessels. The
following scanning modes are available:

+ B (2D, B-scan ultrasonography)

+ M (A-scan ultrasonography)

» Color Doppler (CD)

+ Pulsed wave (PW)

A customized marker system monitors the sensor
movement along the mannequin surface, allowing for
ultrasound scanning in various positions (dorsal, lateral,
etc.). A set of basic tools was used to assess the results,
such as length, area, volume, and blood flow velocity
measurement in Doppler modes, and calculation of central
hemodynamics parameters during echocardiography. A
final protocol can be generated based on the scan findings
and measurements.
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The virtual simulator has a large database of ultrasound
images depicting various pathologies of the abdominal
organs and cardiovascular system. This allows the user
to master ultrasound scanning techniques in various
areas, both with normal anatomy and various pathologies.
Consequently, during knowledge assessment, the ability
of certification candidates to detect and describe various
pathological changes using standard protocols can be
evaluated.

The study included 26 residents training in diagnostic
ultrasonography and 37 physicians undergoing professional
retraining in the same discipline. Because the study used
categorical data and two answer options, this sample size
was sufficient to assess the proposed teaching method
and extrapolate the results to all students training in
ultrasonography, during the study period and beyond. The
results of using the simulator were assessed by personnel
of the Department of X-ray Diagnostics and Radiation
Therapy and practicing diagnosticians from the institute’s
clinical sites who participated in the training and knowledge
assessment.

The main parameters for assessing the results of using
the virtual simulator were those necessary for organizing and
planning the teaching process:

+ Time required to master the simulator (including

training in running the software and using the interface)

» Ease of learning and psychological comfort

« Ease of handling the sensor and mannequin

« Correct sensor positioning (using anatomic landmarks

of the mannequin and the mixed reality technology)

CAE HEALTHCARE

25/03/2021 23 o3 = ) % s

Normal 18:54:31 Load  Settings  Toolbars Help Exit

Recording Capture

EEE— D

Fig. 2. Simulation program interface in mixed reality and 2D modes.
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« Ability of students to use the simulator without

assistance

» Need for special teaching materials and modifications

of the existing training program.

Residents and students who had previously used
ultrasound scanners in the clinic assessed the quality of
images created by the simulator and compared it with the
quality of the image obtained in a real world setting. Data
were collected by an anonymous survey of students using
the Likert scale [14] and scoring from 0 to 5 for the proposed
questions (Figs. 3 and 4).

During training, the teacher analyzed the work with the
equipment using the assessment criteria. At the end of the
training course, teachers and mentors working in the clinic
used tests to assess the theoretical knowledge and practical
skills of the students. The majority of the assessment criteria
were subjective, making it difficult to interpret the results.
However, this is inherent in ultrasonography, contributing to
its high operator dependency. Problems that emerged during
training were also recorded, and their causes and solutions
were discussed with the students.

Ethical considerations

The study volunteers participating in training and
research provide informed consent. Data were acquired
using a voluntary anonymous questionnaire survey, and
no personal data were collected or processed during the
process. This study did not involve any patients.
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RESULTS

When assessing the benefits and drawbacks of using a
virtual simulator in the training, the simulator was compared
with the conventional method, where residents and physicians
receive training using an ultrasound scanner in real patients in
clinical settings under the supervision of mentors (department
staff and practicing physicians). This conventional approach
has well-known limitations, particularly in recent years
because of the COVID-19 pandemic [15].

All residents and the majority of the students (81%)
successfully completed the training with the virtual ultrasound
simulator. The success criteria included confident use of the
simulator software and interface (running, settings, etc.) and
full mastery of ultrasound scanning techniques in various
areas (Table 1).

The minimum time required to master the simulator was
2—6 training sessions (2 academic hours each) under the
supervision of a department teacher, plus one introductory
lecture (1 academic hour, or 45 min). Notably, residents
mastered the simulator more quickly than students. This, we
believe, is due to their theoretical background (lectures in
X-ray diagnosis) and experience in working with ultrasound
equipment. For most residents (75%), 2—3 training sessions
with a mentor were sufficient, after which they could work
without supervision. As for physicians taking professional
retraining, older students (aged > 50 years) required a
minimum of 3—-4 and a maximum of 6 training sessions to

Questil ire for resid and

training in diagnostic ultrasonography
The survey is anonymous; you are not required to provide any personal information.
For answers with a gap, please use a scale of 1 to 5, where: 1 = strongly disagree,

2 = disagree, 3 = neither agree or disagree, 4 = agree, and 5 = strongly agree.

For yes/no questions, please select one option.

1. I fully mastered the ultrasound simulator.

Answer:___ (points)

2. | fully mastered the ultrasound scanning technique in specific areas using the ultrasound
simulator.

Answer:___ (points)

3. It was easy for me to master the ultrasound simulator.

Answer:___ (points)

4. It was difficult for me to master the ultrasound simulator.

Answer:___ (points)

5. | would prefer the ultrasound simulator when training in diagnostic ultrasonography.

Yes No

6. 1 would prefer ultrasound scanning in real patients when training in diagnostic ultrasonography.
Yes No

7. It was difficult for me to master the ultrasound simulator software.

Answer:___ (points)

8. My knowledge of computer science is sufficient to confidently use the ultrasound simulator.
Answer:___ (points)

9. My knowledge of computer science is insufficient to confidently use the ultrasound simulator.

Answer:___ (points)

10. For me, training using the ultrasound simulator was more psychologically comfortable than
training on real patients in clinical settings.

Answer:___ (points)

11. For me, training on real patients in clinical settings was more psychologically comfortable than
training using the ultrasound simulator.

Answer:___ (points)

12. | would prefer the ultrasound simulator for the final testing in diagnostic ultrasonography.
Answer:___ (points)

13. I would prefer real patients in clinical settings for the final testing in diagnostic ultrasonography.
Answer:___ (points)

14. For me, preparing for the final testing using the ultrasound simulator was more psychologically
comfortable than training on real patients in the clinical setting.

Answer:___ (points)

15. For me, preparing for the final testing on real patients in clinical settings was more
psychologically comfortable than using the ultrasound simulator.

Answer:___ (points)

16. It took me longer to master ultrasound scanning techniques using the ultrasound simulator
than training on real patients in the clinical setting.

Yes No

17. It took me longer to master ultrasound scanning techniques when training on real patients in
clinical settings than using the ultrasound simulator.

Yes No

18. The images of internal organs on the screen of the ultrasound simulator are not inferior to
those of the diagnostic ultrasound systems | have worked with (if you have no such experience,
please do not answer this question)

Answer:___ (points)

Comments (please add your opinion on the subjects not addressed in the questionnaire or

challenges you encountered when using the ultrasound simulator)

Fig. 3. Questionnaire for residents and students, part 1.
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Table 1. Student survey and testing results

Vol 5 (1) 2024

Digital Diagnostics

Residents Physicians

Number of students 26 37

Successful mastery of the simulator 100% 81%
Minimum time required to master the simulator, min 90 135
Psychological comfort during training in diagnostic ultrasonography using the simulator 80% 68%
Psychological comfort during preparation for testing/accreditation using the simulator 90% 75%
Satisfactory quality of simulator images in the M and B modes 95% 95%
Satisfactory quality of simulator images in Doppler modes 90% 89%
Positive opinion on the use of 3D/4D navigation software 100% 100%
Preference for the simulator during final testing and accreditation 100% 90%

master basic skills in using the simulator. Here, problems
were encountered because some students (26%) had either
zero or rudimentary computer skills. Consequently, they
could not independently run laptop software and confidently
use the simulator application interface even after completing
the training course. To assess the results of using the virtual
simulator, task-based tests were performed during the initial
accreditation of ultrasound diagnostic specialists (Fig. 5).

When using the simulator to master basic skills in
diagnostic ultrasonography, 72% of the students reported
more psychological comfort than when training on real
patients in clinical settings. This criterion was evaluated
only by students who had some actual experience with
ultrasound scanners (however limited). Both mentors and
students stated that the simulator makes it easier and
faster to master ultrasound scanning techniques. However,
the stress of the first contact with a patient in a real world
setting must be addressed in subsequent practice. This was
primarily relevant for residents who had no experience with
ultrasound scanning in real patients.

Working on the simulator was effortlessly integrated into
the training program because it was placed on the premises
of the medical school; thus, we did not have to adjust to the
working hours of a healthcare facility. This helps us address
the issue of a lack of space and limited time for training
in clinical settings. We practiced dividing the students into
groups, which allowed us to propose a training schedule
convenient for the teacher and students. Accordingly,
small groups of up to three students are most suited for
simultaneous work on a virtual simulator. This group size is
determined by the amount of time taken by one student to
master new skills during a training session, as well as the
size of the classroom.

Most students rated the image quality in the B and
M modes as good (95%) and in the Doppler modes as
satisfactory (89%). The assessment criteria included the
difficulty in recognizing and interpreting the resulting images
and the ability to correlate them with actual anatomical
objects. A problem in using Doppler modes was the inability
to adjust some of their parameters. Consequently, blood flow

in CD and PW modes was only clearly visualized through the
heart valves and some portions of the aorta.

All students agreed that an additional window with a
mixed reality mode and 3D/4D-live anatomical navigation
of the examined area helps in positioning the sensor when
examining all areas. It was especially convenient when
examining the abdominal organs and the heart [12].

Test to assess the results of mastering ultrasound scanning techniques
in the B mode using an ultrasound simulator
(option 1, with the MR mode; option 2, without the MR mode).
Testing time: 10 min
1. Turn on the virtual simulator and run the ultrasound simulation program.
2. Place the mannequin in the correct position for scanning
2. Display the examined organ in the longitudinal plane
MR technology.
3. Determine the size measuring points, perform the measurements, and share the findings.
4. Display the examined organ in the transverse plane with/without
MR technology
5. Determine the size of the measuring points, perform the measurements, and share the
findings.
6. Assess the echolucency and echostructure of the organs and share the findings.
7. Assess and describe the contours of the organ.
8. In the case of abnormal changes in the organs, assess them as follows:
- Location
- Size
- Shape
- Echolucency and echostructure
- Contours
- Additional elements (artifacts, etc.)
9. Prepare and share the scanning protocol, including the assessed parameters.

with/without

Test to assess the results of mastering ultrasound scanning techniques
in the Doppler modes using an ultrasound simulator
(option 1, with the MR mode; option 2, without the MR mode).
Testing time: 10 min
1. Turn on the virtual simulator and run the ultrasound simulation program.
2. Place the mannequin in the correct position to scan the heart.
3. Display the heart in the apical five-chamber view in the B mode.
4. Turn on the color flow mapping mode and set the scanned area in the mitral valve region.
5. Display the transmitral flow in the color flow mapping mode, assess its direction and
characteristics, and share the findings.
6. Turn on the pulsed wave Doppler mode, set the sample volume above the mitral valve leaflets,
and display the transmitral flow spectrum.
7. Measure the velocity, assess the transmitral flow spectrum, and share the findings.
8. Set the scanned area in the color flow mapping mode in the aortic valve region.
9. Display the blood flow in the left ventricular outflow tract in the color flow mapping mode,
assess its direction and characteristics, and share the findings.
10. Set the sample volume of the pulsed wave Doppler mode in the left ventricular outflow tract
and display the blood flow spectrum.
11. Measure the velocity, assess the blood flow spectrum in the left ventricular outflow tract, and
share the findings.
12. Set the sample volume of the pulsed wave Doppler mode in the supravalvular ridge of the aorta
and display the blood flow spectrum.
13. Measure the velocity, assess the blood flow spectrum in the supravalvular ridge of the aorta,
and share the findings.
14. Prepare and share the conclusion based on the blood flow through the mitral and aortic valves
in Doppler modes.
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Fig. 5. Tests to assess the results of mastering ultrasound
scanning techniques.
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In the B mode, an issue with incorrect sensor positioning
on the mannequin for some standard projections of the
heart (such as apical) was discovered, which will require
improvement in the future when practicing on real patients.
In these cases, students successfully solved the challenge
using the mixed reality system, allowing them to assess
accurately the section planes of the organ and the position
of the sensor relative to anatomical landmarks.

According to the survey results, 95% (both residents and
physicians) favored using the simulator over training on real
patients. The mean time spent practicing ultrasound scanning
in one area using the simulator was 1-2 training sessions
(2 academic hours each). The training included multiple-
view scanning with various positions of the mannequin;
moreover, the duration was not limited to one scan, which
is unavoidable in clinical settings. When our students began
using real ultrasound scanners, their skills in ultrasound
scanning of various areas were satisfactory, requiring only
a quick correction of sensor positioning and the ability to
work with “difficult” patients and during specific respiratory
phases.

In teaching methodology, it should differ from training
in clinical settings under the supervision of mentors.
Training in clinical settings includes two main approaches:
witnessing the procedure and imitating the mentor’s actions
on a patient. Training using a virtual simulator also offers
an opportunity for self-learning through trial and error.
This approach is more comfortable for students (at least
because there are no time constraints or psychological
pressures) and can provide better practical results. This
training strategy enabled our students to work on the
simulator independently and on their schedule. If necessary,
the teacher provided consultations remotely via voice and
video communications.

Furthermore, the conventional “one mentor, one trainee”
approach could be converted to group training at the initial
stage, which is more economically viable. The simulator
allowed the merging of the theoretical and practical
components of the training program in a single training
session. Initially, the teacher presents an introductory lecture
on a certain topic with a demonstration of the simulator.
Then, the students could reinforce their knowledge during
practical training (Fig. 6). This approach proved convenient
when learning the fundamentals of ultrasound scanning in
specific areas and when preparing for testing.

The use of the virtual simulator for knowledge
assessment during resident certification and specialist
accreditation yielded ambiguous results, requiring further
discussion. In several similar studies, the authors emphasize
the benefits of using simulators, particularly the lack of
stress for certification candidates and conditions close to
reality [8, 15]. These findings are consistent with the views
of most students (95%), who chose to use the simulator
during practical testing. Furthermore, this judgment was
consistent before and after testing. However, according to the
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Fig. 6. A second-year resident using the simulator.

department staff and mentors, this testing option has more
negatives than positives.

DISCUSSION

Based on the results obtained with the Vimedix 3.2 virtual
simulator, it can be recommended for use at the initial stage
of training ultrasound diagnostic specialists. Our experience
confirmed the benefits of incorporating virtual and augmented
reality technologies into educational programs for medical
students and ultrasound training programs as reported
previously [8-10, 15]. Virtual simulators are useful for
practicing ultrasound scanning techniques in specific areas,
positioning the sensor using anatomical landmarks, and
learning how to take basic measurements in various modes,
including Doppler ones. However, they do not replace clinical
experience, but augment it. At subsequent stages, practical
skills should be reviewed (and improved) by examining real
patients under the supervision of a mentor.

Currently, little information exists on how skills gained
through simulation-based training correlate with clinical
efficacy or how long they will be maintained [16, 17]. Thus,
practical testing is essential in graduates several years after
the start of independent work to more accurately assess the
efficacy of training. The Objective Structured Assessment of
Ultrasound Skills scale can be used for this purpose [18].

To effectively master the simulator, a user manual that
addresses topics such as running the application, a user
manual for the interface, and step-by-step instructions
for specific tasks is necessary. To facilitate self-learning,
the teacher should prepare an introductory lecture to
familiarize residents and students with the simulator
software and demonstrate its capabilities. Accordingly,
guidelines for examining specific anatomical areas of the
mannequin using a simulator will also be beneficial. To
master ultrasound scanning techniques in specific areas,
training modules lasting two academic hours proved useful,
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with one to demonstrate the techniques and the other
for practical training. Because of the varying computer
skills of students, the training program can provide two
options, with more or less time spent on training in running
simulator software.

To fully master the simulator, a minimum of 5-6 training
sessions with a teacher covering several scanning areas
are required. These could include reviewing the normal
anatomy, practicing positioning, various ultrasound modes,
and organ assessment parameters. Students can then work
independently on their schedule, including with remote
supervision from the teacher to address any emerging
concerns. Furthermore, using the pathological case database
integrated into the software, the virtual simulator can be
used for training in the diagnosis of disorders that were not
encountered in real patients in clinical settings.

However, the final knowledge assessment should be
performed on real patients using ultrasound scanners because
this allows assessing the ability of certification candidates to
handle specific clinical situations. An optimal, albeit more
complex, approach is to perform ultrasound scans in both
healthy individuals and patients with a specific condition,
for the resident or student to demonstrate to the mentor
and accurately describe a standard protocol. Residents and
students prefer using a simulator because preparing for and
performing the practical test on a simulator is psychologically
more comfortable than in clinical settings. Using a simulator
does not require much time, patient participation, or clinical
equipment; it can be used independently at any time, and
students are not stressed.

Conversely, teachers believe that preparing for practical
tests is primarily about memorizing certain actions. During
testing, experts mainly assess the execution and sequence
of certain actions rather than their quality and results. The
checklist and remote monitoring system do not allow for
a detailed assessment of the accuracy of images obtained
by certification candidates and the assignment of additional
tasks in the case of doubt. Work with various body types
could not be assessed; standardized normal anatomical
images in the absence of respiratory movements are
assessed, and multiple-view scanning is not performed.
The emphasis is more on the existing testing methods and
principles rather than the operating principles and capabilities
of virtual simulators.
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