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Early introduction of simulation in
the medical curriculum: the
MedInTo perspective
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MD Program in Medicine and Surgery of University of Turin-MedInTo, Department of Clinical and

Biological Sciences, University of Turin, Turin, Italy

Despite the increasing body of evidence supporting the use of simulation in

medicine, a question remains: when should we introduce it into the medical

school’s curriculum?We present the experience and future perspectives of theMD

program in Medicine and Surgery of University of Turin-MedInTo. Since its launch,

MedInTo has been dedicated to integrating innovative teaching approaches at the

early stages into the medical curriculum. Herewith, we describe a case-based

approach for our activities, which includes the utilization of simulation for

emergency medical care training for students and the integration of virtual and

augmented reality technology. Dedicated surgical training activities using virtual-

augmented reality and life-like simulator for students are also described.
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Introduction

The early introduction of simulation in the medical curriculum has become increasingly

prevalent in recent years (1). Simulation refers to the use of realistic scenarios and equipment

to replicate clinical situations for educational and training purposes (2). Integrating

simulation into medical education offers several benefits, including enhanced learning

experiences (3), improved clinical skills (4–6), and increased patient safety (2, 6).

Evidence supporting the use of simulation learning to delivermedical training is available

across all grades and specialties, ranging from surgery (7, 8), including robot surgery (9),

infectious diseases, pediatrics, orthopedics (10), and internal medicine (11–15).

However, despite the increasing body of evidence supporting the use of simulation in

medicine, a question remains: when should we introduce it into the medical curriculum? Is

an early approach feasible?

Aiming to contribute to this topic, we report the experience and future perspectives

of the MD program in Medicine and Surgery of University of Turin-MedInTo. Since its

launch, MedInTo has been devoted to integrating innovative teaching approaches into the

medical curriculum. Entirely taught in English, MedInTo takes place in the teaching facilities

at San Luigi Gonzaga University Hospital (Orbassano, Torino, Italy), whose campus-type

environment aims to optimize the integration of students with the clinical areas. Since early

in the degree program, the curriculum combines scientific and clinical knowledge with

interactive teaching methods. The educational goals of our degree program are particularly

suited for students interested in scientific research and cooperation. The proximity of
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teaching, research, and hospital facilities promotes communication

between students and teaching staff, as do the integrated courses

and the practice-based learning opportunities.

When referring to the early introduction of simulation, here are

some key points summarizing the conceptual framework on which

the MedInTO has been designed.

• Experiential learning: Simulation provides students with

hands-on, experiential learning opportunities that bridge the

gap between theory and practice (16). By engaging in realistic

scenarios, students can apply their knowledge and develop

critical thinking, clinical reasoning, and decision-making skills

in a safe and controlled environment (17).

• Skill acquisition: Simulation-based training allows students to

practice and refine their technical skills before working with

real patients. They can learn and practice procedures such as

suturing (18), phlebotomy (19, 20), or catheter insertion (21)

on high-fidelity manikins or virtual reality simulators. This

early exposure helps students gain proficiency and confidence

in performing these skills (22, 23).

• Teamwork and communication: Healthcare is a collaborative

field that requires effective teamwork and communication

among healthcare professionals. Simulation scenarios

involving interprofessional teams provide opportunities for

students from various disciplines (e.g., medicine, nursing,

pharmacy) (24) to learn and practice teamwork (25),

communication, and coordination skills (26). They can learn

how to communicate effectively, delegate tasks (27), and

work together to provide optimal patient care (28). This

approach has the potential to support the identification of

further educational needs based on the experience of the

clerkship (29).

• Mistake management and patient safety: Simulation offers

a safe environment to make and learn from mistakes

without compromising patient safety. Students can encounter

challenging clinical situations, experience the consequences

of their actions, and receive immediate feedback (30) from

instructors (31). This iterative learning process helps develop

clinical judgment, error recognition, and error management

skills, thereby reducing the risk of errors and enhancing

patient safety (6, 32).

• Ethical and complex scenarios: Simulation allows students

to engage with ethical and complex scenarios that may

be challenging to encounter in real-life clinical settings

(33). This includes navigating dilemmas (34), making

ethical decisions, and engaging in difficult conversations

with patients and their families. Simulation provides

a platform to reflect on the ethical dimensions of

healthcare, fostering the development of empathy and

professionalism (33).

• Bridging the gap between classroom and clinical

practices: Early exposure to simulation can help ease

the transition from the classroom to clinical practice

(35, 36). By familiarizing students with realistic patient

cases, medical technology, and clinical environments,

simulation can reduce anxiety (37) and enhance students’

preparedness and confidence when interacting with real

patients (35, 38).

• Research and innovation: Simulation-based education

provides opportunities for research and innovation in medical

education. It allows educators to develop and evaluate new

teaching methods, curricula, and assessment tools (39, 40).

Additionally, advancements in technology, such as virtual

reality (41) and augmented reality (42), continue to expand

the possibilities of simulation-based training in healthcare

education (43).

• Economization of resources: Early exposure to simulated

scenarios and/or dummy instrumentation allows for

maximizing the cost-benefit balance between early skill

acquisition while reducing the economic and human costs of

medical teaching and learning (44–47).

The above-mentioned points constitute the conceptual

framework supporting the design of education activities aimed

at optimizing the integration of simulation into the medical MD

curriculum, especially in an early phase. A summary of ongoing or

upcoming activities is listed below.

Simulation for emergency medical care for
students

This learning experience aims to help the students understand

the basis of emergency medical services. Emergency medical care is

characterized by interventions that are done “outside the hospital,”

where the environment or evolution of risk deeply influences the

intervention patterns. For these reasons, this training is crucial

for students who are approaching the completion of their medical

studies career. Thus, we employed the “learning by doing and

learning by feeling” (48) methodology to guide them in thinking

and acting as real EMC operators.

The experience is made both in the simulation center and in

the nearby environment to empower the simulation alternating

structured and eco-dynamic environments.

After 1 h of technical skill learning (patient approach, skill

acquisition, etc.), students were inserted in the “simulation

circuit” (Figure 1). In both the center and nearby environments,

four contemporaneously simulative stations were organized

(Supplementary Video). Students approached four different cases:

Managing a simplified emergency call center, an indoor heart

failure, handling a psychiatric-aggressive patient, and addressing an

outdoor trauma. Each station was 30min long and students rotated

through them until the routine was completed. A final debriefing

was carried out by the trainer at the end of each station.

Anatomy first: the anatomage table

Basic disciplines, such as human anatomy, form the core

subjects in medical and health science education. They are

crucial for understanding the functioning of the human body

and providing a basis for clinical training and practice. The

most ancient and prestigious medical schools have a tradition of

hands-on human body dissection, leading to the establishment of

institutes dedicating to normal human anatomy, where human

cadavers were stored and dissected by teachers and medical
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FIGURE 1

Schematic summary of the simulation for emergency medical care for students’ activity.

students. As powerful as this approach is, the availability of human

cadavers, the legislation, and the costs related to their maintenance

make it less accessible to a large number of students (49). For this

reason, thanks to technological advancements and the increased use

of 3D modeling, an increasing number of interactive 3D atlases are

now accessible, with the vast majority being available online. The

first coordinated effort to produce an interactive 3D atlas based

on real data was the 1986 “Visible Human Project,” leading to

the dissection of a full human cadaver into 4mm thin slices, each

meticulously photographed and segmented. Additionally, MRI and

CT scans were incorporated to better highlight the visualization

of different structures. The results were first published in 1994.

Recently, a US-based company, Anatomage, developed a state-of-

the-art device, featuring four fully segmented interactive cadavers,

cut at a higher resolution (up to 0.8mm). These digital cadavers are

loaded onto a dissection-sized touchscreen table that can be used

for performing a virtual dissection. This device is now present in a

significant number of anatomy institutions all over the world, and

although it cannot fully replace hands-on dissection, it is a very

powerful teaching device for medical students at the early stages

of their education (50).

To date, the Anatomage table has been introduced in anatomy

teaching for undergraduate medical and nursing students in the

MedInTO course. It is used both for teacher-directed learning and

self-dependent study learning. In our experience, we highlighted

that Anatomage enhanced active learning by allowing the students

to clarify doubts and share their anatomical knowledge, thereby

improving communication skills.

Moreover, the Anatomage table can be used for many different

applications. It not only displays preloaded 3D datasets but also

functions as a powerful DICOM viewer with automated rendering

capabilities and high GPU specs, making it suitable for personalized

medical applications, including diagnosis and surgical planning.

Additionally, it proves invaluable in teaching on real datasets

using non-invasive imaging techniques. Recently, one interesting

application has been proposed to use it as a virtual autopsy

device, with a special focus on dental analysis for disaster victim

identification (51). The presence of this device in the simulation

facility serves as a perfect companion to help students revise the real

anatomical reference related to procedures they might be testing on

real field.

Virtual and augmented reality

Virtual and Augmented reality (VR and AR) are relatively

old technologies, with their early appearance in the late 50s and

late 60s of the last century, respectively. Although VR originally

started with a leisure scope (“Sensorama” was the grandfather of

immersive 3D cinema), this technology has a natural declination

for testing and simulation in nature (8). The high cost of these

devices made this technology accessible to institutions and high-

end companies, primarily utilizing them for medical, flight, and

automotive simulations. The remarkable and rapid advancements

in computer graphics technology, possibly linked to the increased

efficiency of GPU data processing in machine learning (ML)

and artificial intelligence (AI), has massively contributed to

popularize this technology. This technology is affordable to the

mass consumer market, consequently making it more accessible

to research institutions and small companies with a focus on

R&D (52, 53). AR has also benefited a lot from improvements

in Computer Vision (CV) field, with the commercialization of

head-mounted AR devices allowing 3D stereoscopic view of digital

objects and the possibility of interacting with those, even with

bare hands. Interactive AR is also called mixed reality (MR or

XR). The potential of these technologies can be limited only

by imagination, and medical simulation is already harnessing

significant advantages from them (53–55). VR can be easily used
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to recreate various medical scenarios, including emergency rooms,

operating rooms, ambulances, and even consulting rooms. The

possibility of interacting with the scenes gives a perfect opportunity

to develop flexible platforms that allowmultiple scenarios with only

one computer and a headset. It is also possible to train specific skills,

for instance, in surgery, using haptic devices that simulate scalpels

or other surgical instruments, and it can simulate the interaction

with skin and other deeper tissues, using a force feedback logic.

Another example of virtual reality is the 3D virtual

reconstructions of organs (56). In the surgical field, they

have proved to be valid tools in different settings, including

aiding in surgical indications—helping the surgeon to choose,

for example, between a radical or a partial surgery—and assisting

in the decision-making process preceding surgery (i.e., surgical

planning). Additionally, they serve as valuable tools in surgical

training; and intraoperative navigation (57).

Augmented and mixed reality are increasingly used in medical

simulation, to digitally enrich the visual perception of users

(students, residents, and medical doctors), representing a powerful

aid to medical simulation. For instance, with the aid of computer

vision, it is possible to map the environment and the hands of

students to trace their ability to perform certain skills. Additionally,

this technology enables the superimposition of deeper anatomical

structures (e.g., vascularization, major nerves) to train performing

safely minimally invasive procedures.

In robot-assisted surgery (58), for example, 3D virtual

reconstructions can be presented, handled, and modified according

to the surgeon’s needs and sent into the robotic console via

software, reproducing the real surgical procedure and simulating

the different surgical steps.

Finally, the use of mixed approaches with XR-enhanced

phantoms ormannequins represents a powerful tool compromising

the flexibility of a VR scene with the training on a real object,

designed to give the user an experience as similar as possible to

the real field. A startup company “Intravides,” from the University

of Turin, which has collaborated with neurosurgery planning and

remote assistance, has now begun to work in the safer environment

of a simulation room to plan minimally invasive surgery.

A more expensive, yet powerful, solution is the immersive

technology, which allows you to project any sort of scenario in a real

room, with the possibility of interacting with the digital content.

The possibility of interacting and blending a real environment with

a digitally enhanced one brings it closer to XR, although this kind

of technology is often referred to as VR.

Virtual reality technology for
doctor–patient communication

To effectively educate and train medical students in the

essential skill of doctor–patient communication, a comprehensive

program was implemented, utilizing virtual reality technology

and a virtual campus. The program was developed through

a collaboration between the School of Medicine and Surgery,

Department of Clinical and Biological Sciences, University of

Turin, and iGoOver Srl (www.igoover.it), a company specializing

in experiential training using innovative methodologies and

technologies. Thanks to a 2-year agreement, research and didactic

training were carried out. Additionally, over 50% of the students in

the course were from European and non-European countries.

Virtual reality immersion training is an effective teaching

method for fostering empathy among students in medical and

health professions (59, 60). This innovative approach aimed to

provide students with practical experiences and valuable insights

into communication strategies in emotionally charged medical

scenarios. The program comprised two informative sessions that

focused on different aspects of effective communication.

To ensure the authenticity and relevance of the training, four

carefully crafted clinical cases were developed in collaboration with

experienced oncologists. Each case had distinct communication

goals, addressing various challenging scenarios. In the first case,

the objective was to convey a diagnosis and discuss the need for

surgery, emphasizing the importance of postoperative follow-up

for accurate assessment. The second case involved communicating

the results of a histological exam, explaining the necessity of

chemotherapy to prevent relapse, and discussing potential side

effects. The third case centered around a patient’s deteriorating

condition during chemotherapy, requiring the delicate task of

conveying the decision to transition from active therapy to

supportive care. In the fourth case, students were tasked with

persuading a patient who had undergone surgery to accept a more

aggressive treatment plan, emphasizing the ongoing presence of

the disease.

To enhance the realism of the training, professional actors

were enlisted to portray the patients, enabling students to

engage in authentic interactions during consultations. This

approach allowed students to develop their communication skills

through direct patient interaction and by observing doctor–patient

communication in the plenary room. Recent studies found that

prior exposure to simulation training, such as communication

skills, medical humanistic care, and checklist completion in

subsequent asthma exacerbation simulation-based training, can

improve the performance of medical students (61, 62).

Following each session, dedicated time was allocated for

discussion and debriefing, facilitating an open dialogue where

students could reflect on their strengths and areas requiring

improvement. This critical reflection period provided students with

the opportunity to analyze and refine their communication abilities,

resulting in enhanced proficiency and confidence.

Furthermore, in addition to the practical training, the

program incorporated mindfulness-based concepts to equip

students with valuable tools for managing emotions during

challenging medical communications. A recent systematic review

on the impact of mindfulness-based interventions on doctors’

wellbeing and performance (63) reported how doctors exposed to

mindfulness-based interventions exhibited lower levels of negative

wellbeing (burnout, stress, and anxiety) and higher levels of

positive wellbeing (empowerment, dedication, and satisfaction).

The authors highlighted that patients may, indirectly, benefit

from mindfulness-based interventions because doctors who had

undertaken such interventions were reported to provide more

empathic and patient-centered care.

By integrating these innovative approaches, the Medicine

and Surgery degree program demonstrated its commitment to
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preparing future medical professionals with the necessary expertise

in doctor–patient communication.

The success of this pioneering initiative showcased the

effectiveness of utilizing virtual reality technology, realistic

clinical cases, and dedicated reflection periods, solidifying the

program’s impact on nurturing well-rounded and proficient

medical practitioners.

Virtual-augmented reality and life-like
neurosurgical simulator for training:
evaluating a hands-on experience for
residents and students

In the recent years, growing interest in simulation-based

surgical education has led to various practical alternatives for

medical training. More recently, courses based on virtual reality

(VR) and three-dimensional (3D)-printed models have become

available. We suggest a hybrid (virtual and physical) neurosurgical

simulator that has been validated, equipped with augmented reality

(AR) capabilities that can be used repeatedly to increase familiarity

and improve the technical skills in human brain anatomy and

neurosurgical approaches. This method could be used not only in

neurosurgical training but also in certain aspects of some general

surgical training for medical students.

New, high-fidelity, cadaver-free simulators “UpSurgeon”

together with other devices, such as Google glass for augmented

reality and a camera for remote acquisition and PC vision,

provide an opportunity to increase access to skills laboratory

training and operative room tutoring. Surgical skills laboratories

augment educational training by deepening one’s understanding

of anatomy and allowing the safe practice of technical skills. The

neurosurgical field has historically evaluated skills by subjective

assessment or outcome measures, as opposed to process measures

with objective, quantitative indicators of technical skill and

progression. We have designed a pilot training schedule with

spaced repetition learning concepts to evaluate its feasibility

and impact on proficiency. Then, we could observe the different

steps of surgical procedures in videos, interact with surgeons,

and share the images with other experts for the evaluation of the

surgery. Additionally, these images could be shared with students

or residents for teaching purposes. The 6-week module used

(2) macrosuture-microsuture, (3a) bone simulator for drilling,

(3b) endoscopic maneuvers exercises with fruit (basic activities

for resident and MD students), (4) a simulator of a pterional,

suboccipital, interhemispheric, endoscopic endonasal approaches

representing the skull, dura mater, cranial nerves, and arteries,

(5) simulator of surgical clipping, tumor resection (UpSurgeOn

S.r.l.). Neurosurgery residents and students completed a video-

recorded baseline examination, performing different craniotomies,

dural opening, suturing, and anatomical identification. These

were recorded using a smart phone and or under a microscope.

Participation in the full 6-week module was entirely voluntary.

In the 6th week, all residents and students repeated the initial

examination, which was recorded on video. Videos were evaluated

by three neurosurgical attendees who were not affiliated with

the institution and who were blinded to participant grouping

and year. Scores were assigned via global rating scales (GRSs)

and task-based specific checklists (TSCs) previously built for

craniotomy (cGRS, cTSC) and microsurgical exploration (mGRS,

mTSC). Participants who underwent a 6-week simulation course

showed significant objective improvement in technical indicators,

particularly individuals who were early in their training. Small,

non-randomized grouping limits generalizability regarding the

degree of impact; however, introducing objective performance

metrics during spaced repetition simulation would undoubtedly

improve training. A larger multi-institutional randomized

controlled study will be shared to elucidate the value of this

educational method.

The hybrid AR and 3D-printed neurosurgical simulator

could be a valid tool for neurosurgical training, capable

of enhancing personal technical skills and competence.

In addition, it could be easy to imagine how patient

safety would increase and healthcare costs would be

reduced, even if more studies are needed to investigate

these aspects. The integration of simulators for training in

neurosurgery as preparatory steps for the operating room

should be recommended and further investigated given their

huge potential.

Laparoscopic pelvic box trainers

In the last few years, both surgery and surgical education

have undergone a dramatic evolution with the advent of

minimally invasive surgery. In this field, laparoscopy is a surgical

procedure done through one or more small incisions, using

small tubes, cameras, and surgical instruments. This approach is

technically complex, as it requires both classical surgical skills and

psychomotor skills associated with minimally invasive surgeries

(e.g., good hand–eye coordination) (64). Training simulators,

such as laparoscopic pelvic box trainers, have therefore been

developed for different surgeries (urology, gynecology, etc.)

(Figure 2). These learning resources could be extremely useful

for students to face for the first time the required dexterity

and psychomotor skills that characterize surgery. Without the

use of a simulative environment, experiencing the fundamental

surgical steps would only be possible by participating in a

surgical residency program or performing surgical procedures on

patients (65).

DoNTStoptraining

Medical schools aim to provide the best possible medical

education, but do they train students to become physicians?

The day after they graduate, medical students should switch

from an educational to a professional mindset. Is it something

they can accomplish in a matter of hours? MedInTo project

“DoNTStoptraining” sets up a network of simulation-based events,

with the goal of training students in proficiency for managing

social and cognitive skills required to become physicians focused

on patient safety and appropriate self-management from the

first day of professional practice (Figure 3). While the early

introduction of simulation in the medical curriculum brings
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FIGURE 2

Laparoscopic surgery training in the simulation environment.

FIGURE 3

DoNTStoptraining project is a network of simulation-based events with the goal of training students in proficiency for managing social and cognitive

skills essential to becoming a physician focused on patient safety and appropriate self-management from the first day of professional practice.

numerous benefits, it is important to strike a balance between

simulation and clinical exposure. Simulation should supplement,

not replace, real-life patient care experiences. Integrating

simulation strategically throughout the curriculum ensures that

students receive a comprehensive education that prepares them for

clinical practices.
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TABLE 1 Standardization and assessment: points to consider.

Implementation of a competency-based

approach

The implementation of a competency-based approach in medical education is advocated, wherein the curriculum is

structured around clearly delineated competencies and desired learning outcomes. Competency-based education places

emphasis on the practical skills and abilities that students should possess, rather than solely focusing on their acquisition

of knowledge. This feature enables adaptability in the development of educational curricula.

The significance of accreditation

standards

Accreditation bodies assume a pivotal role in the establishment of standardized medical education. To assure the quality

and consistency of medical programs, standards are established that institutions must adhere to.

Curriculum design It is imperative for medical schools to have a meticulously organized curriculum that encompasses fundamental subjects

such as basic sciences, clinical skills, and professional growth. Curriculum committees frequently engage in the periodic

evaluation and revision of curriculum to integrate emerging information and optimal methodologies.

Core competencies The term, “core competencies,” refers to the fundamental abilities and skills that are expected of all medical graduates.

These competencies encompass various areas, including effective communication, sound clinical reasoning, and

adherence to ethical principles in practice. These competencies are fundamental to the process of curriculum design.

The incorporation of evidence-based

procedures

The incorporation of evidence-based procedures should be prioritized in medical education. The integration of

contemporary research findings and adherence to established clinical recommendations are of paramount importance to

guarantee that students are acquiring the most up-to-date knowledge.

Clinical exposure and experience It is imperative to guarantee that students are provided with sufficient opportunities for clinical exposure and experience.

Clinical rotations, clerkships, and internships play a crucial role in the acquisition of practical skills and experiential

knowledge.

Procedures of assessment The standardization of assessment procedures is crucial to accurately measure the student performance. The assessment

methods encompassed in this category consist of written examinations, evaluations of practical abilities, objective

structured clinical examinations (OSCEs), and assessments pertaining to professionalism.

National licensing examinations National licensing examinations are implemented in numerous countries as a means of guaranteeing that graduates

possess a baseline level of proficiency. The examinations are frequently revised to align with advancements in medical

knowledge and the implementation of new practices. This implementation should be taken into account when curricula

are designed.

Enhancement of faculty development Offer continuous chances for professional development to faculty members to ensure their currency in medical

knowledge and pedagogical techniques.

Implementation of continuous

improvement

It is imperative for medical schools to have a process that facilitates ongoing enhancement and refinement. Systematically

gathering feedback from both current students and alumni can be a valuable practice in identifying potential areas for

improvement within the program.

Promotion of interprofessional

education

The promotion of interprofessional education is advocated to equip students with the necessary skills to effectively

collaborate with other healthcare professionals, thereby mirroring the dynamics of real-world healthcare environments.

Attention to diversity and marginalized

communities

The integration of training programs focused on cultural competence, health disparities, and diversity is crucial in

equipping students with the necessary skills to effectively cater to various patient populations.

Integration of a global health

perspective

Integrate a global health perspective into the curriculum to equip students with the necessary knowledge and skills to

address healthcare and public health concerns in a global context.

Telemedicine and digital health

technology

The integration of telemedicine and digital health technology is imperative in the contemporary digital era, necessitating

the inclusion of corresponding training.

Ethical considerations It is imperative to ensure that the principles of ethics and professionalism are taught and tested with a high level of rigor.

“Introduction to taking care” clerkship

We recently reported the results from a sentiment analysis

of the logbooks written by the first-year students of the degree

program. These students participated in the interprofessional

education (IPE) clerkship “Introduction to Taking Care.” The

IPE involved first-year MD students in tandem with third-year

nursing students (Academic Year 2021-2022). The IPE included

different teaching activities, such as the ability to practice a

venipuncture, female urinary catheterization, the ability to check

arterial blood pressure.

In the teaching location, MD students were supported by the

third-year nursing students, who acted as peer coachers, under the

supervision of a clinical tutor.

Our results support the finding that the utilization of an

Advanced Medical Simulation Centre (AMSC) was frequently

linked to positive sentiments. In this setting, the sentiment

analysis of the logbooks showed that positive sentiments including

“improvement,” “help,” and “satisfied” were frequently reported in

association with the AMSC (66).

Clinical exposure vs. simulation
training: cost-e�ective considerations

By definition, the simulation program should not replace

clinical exposure. The available data on its effectiveness derive

from limited experience on several specific tasks that use non-

homogeneous assessment tools, often developed internally and not

previously validated (67–69). The effectiveness also depends on the

students’ willingness to feel fully involved in the proposed clinical

scenario, without underestimating the almost realistic nature of the
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TABLE 2 Pillars of long-term retention of the skills acquired after simulation training.

Follow-up assessments Schedule follow-up assessments at regular intervals (e.g., 6 months, 1 year, and 2 years) after the initial simulation training

to gauge the retention of knowledge and skills.

Comparison with control groups Include control groups of individuals who did not receive simulation training to compare their performance with those

who did. This allows for a more robust assessment of long-term retention.

Standardized assessments Use standardized and validated assessment tools to measure the retention of specific knowledge and skills taught during

simulation training.

Clinical performance Evaluate participants’ clinical performance in real patient care settings to assess the application of skills learned through

simulation training.

Self-assessment and reflection Encourage participants to self-assess their knowledge and skills periodically and reflect on their performance in real

clinical scenarios. Self-assessment can provide insights into perceived retention.

Feedback and debriefing Conduct feedback sessions and debriefing with participants to discuss their experiences and any challenges faced when

applying simulation-trained skills in practice.

Longitudinal studies Consider conducting longitudinal studies that track participants’ performance and patient outcomes over an extended

period to assess the sustained impact of simulation training.

Maintenance training Offer maintenance or refresher training sessions to reinforce and update the knowledge and skills acquired during the

initial simulation training.

Peer review and feedback Encourage peer review and feedback among healthcare professionals to provide insights into the retention and

application of simulation-based training in clinical practice.

Patient outcomes Assess the impact of simulation-based training on patient outcomes, such as reduced complications, improved recovery

rates, or enhanced patient satisfaction, over the long term.

situation. Simulated training supports students in acquiring new

skills, particularly for their initial interactions with patients at the

beginning of their careers and for the acquisition of clinical practice

in subsequent years. However, the relationship with patients and

their clinical and behavioral complexity cannot be replaced with

simulated training either during visits or during diagnostic or

therapeutic decisions. The simulation program prepares them,

increasing their awareness.

Standardization and assessment:
points to consider

The process of standardizing medical curriculum and

examinations is a multifaceted and continuous endeavor with

the objective of ensuring that medical education remains

up-to-date, rigorous, and pertinent. The subject matter

encompasses various essential elements, as detailed in Table 1.

It is essential to acknowledge that the standardization of

medical education is a dynamic undertaking that necessitates

flexibility in response to evolving medical practices and healthcare

demands. However, with technological advancements and new

education approaches arising, including simulation training,

international efforts involving different stakeholders are imperative

to improve standardization, consistency, and comparability of the

medical curricula.

For accomplishing this objective, it is essential to

establish a continuous partnership among medical educational

institutions, accrediting entities, healthcare organizations, and

regulatory agencies.

Assessment of long-term retention
following the simulation-based
training

The main objective of education is to facilitate the enduring

acquisition of knowledge and/or skills (70). In the realm of medical

education, physicians undergo training to effectively transfer

and adapt their knowledge to a diverse range of forthcoming

clinical difficulties, drawing upon a well-preserved expertise. As

stated earlier, numerous studies have provided evidence about the

efficacy of incorporating simulation into the medical curriculum

as a means to enhance knowledge, skills, and behaviors (71–

74).

Nevertheless, evaluating the extent to which memory is

retained following the training for intricate technical skills poses a

challenging task (70). A meta-analysis conducted in 2013 examined

the use of simulation in pediatric training and identified a lack of

educational simulation models that are essential for the acquisition

and retention of skills. This scarcity can be attributed to the

limited number of comparative studies conducted in medicine

when specifically targeting the retention of acquired skills and

knowledge (75). Despite the increase in data on simulation-

based training in medicine, many of these new studies use a

“no intervention group” as a control and poorly define the

timing and frequency for repeating the simulation sessions (75).

Moreover, there is heterogeneity in re-training recommendations

(76–78). It is part of the MedInTO mission to assess long-term

retention of the skills acquired after the simulation training and

to determine factors that can influence this pedagogical process

(Table 2) (76).

Frontiers inMedicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2023.1280592
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Lembo et al. 10.3389/fmed.2023.1280592

Conclusion

Simulation in medicine is increasingly available, portable,

and advanced.

Is an early introduction into medical curricula feasible? Our

experience at the MD program in Medicine and Surgery of

University of Turin-MedInTo supports our team in pursuing

this goal. Continued efforts are required to improve, with a

particular focus on non-technical skills, and standardize curricula

and assessments.
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