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Abstract

The future battlefield under high-tech conditions features complex environ-
ments, high personnel concentration, and highly lethal weaponry. These fac-
tors lead to mass casualties presenting with diverse and severe injuries that are
difficult to manage. Continuously improving battlefield casualty care theories,
constructing a Tactical Combat Casualty Care (TCCC) system suited to our
military, refining forward-deployed treatment techniques, and reducing the
combat casualty mortality rate are pressing challenges for both current military
medical student education and combat casualty care training. This is also an
essential requirement to enhance our army’s combat effectiveness and combat
medical support capabilities. Minimally invasive surgery (MIS) is progressively
becoming the mainstream of surgical procedures due to its advantages, includ-
ing reduced trauma, enhanced visualization, faster postoperative recovery, and
fewer complications. Currently, cultivating proficient minimally invasive sur-
geons domestically, internationally, within and outside the military is difficult,
costly, and time-consuming, posing obstacles for the training of military med-
ical talents and the future battlefield’s comprehensive care for casualties. Fo-
cusing on the theory and practical training of MIS, our team’s surgical educa-
tion effort addresses this issue. Based on the current status of MIS teaching for
undergraduate military medical students and integrating our team’s method-
ologies and experiences in delivering MIS theoretical instruction and hands-
on training, we propose a systematic “Six-Step” strategy tailored for military
medical students. This strategy aims to develop and implement a structured
MIS teaching system.
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1. Background

The future battlefield under high-tech conditions is characterized by complex en-
vironments, high concentrations of personnel, and highly lethal weaponry. These
factors inevitably result in mass casualties presenting with diverse and complex
injuries that are challenging to manage. This necessitates enhancing the compre-
hensive treatment capabilities of our military for casualties, continuously refining
the theory of combat casualty care, establishing a Tactical Combat Casualty Care
(TCCC) system appropriate for our military, perfecting forward-deployed medi-
cal techniques, and reducing the combat casualty mortality rate. These challenges
represent pressing real-world issues for current military medical student educa-
tion and combat casualty care training within our military, as well as critical re-
quirements for improving combat effectiveness and combat medical support ca-
pabilities [1].

Concurrently, propelled by advancements in medical technology, shifts in med-
ical paradigms, and the pursuit of higher quality of life, minimally invasive surgery
(MIS) is progressively becoming the mainstream approach in surgery. MIS achieves
therapeutic goals through access via minimal trauma, prioritizing the reduction of
tissue damage to facilitate postoperative functional recovery and rapid patient
convalescence [1]. The advent and application of endoscopic technologies, tech-
niques, and specialized instruments hold profound significance in the history of
surgical development, ushering in the era of MIS. Compared to traditional open
surgery, MIS offers distinct advantages, including enhanced visualization, reduced
surgical trauma, diminished postoperative pain, fewer complications, accelerated
recovery, and improved cosmetic outcomes at incision sites [2]-[4]. However, un-
der conventional training paradigms, cultivating skilled minimally invasive sur-
geons remains a difficult, costly, and time-consuming endeavor with a steep over-
all learning curve, both within and outside the military.

Currently, dedicated MIS curricula are notably absent within undergraduate
military medical programs [5]. Consequently, students are typically exposed to
MIS theory and practical training relatively late, often only upon entering clinical
practice. Opportunities for hands-on experience are limited, and the clinical teach-
ing they do receive is often specialized and fragmented, leading to inefficient use
of teaching resources. A pressing need exists for a comprehensive, systematic, and

efficient MIS training system [5] [6]. In the new era, rapid advancements in infor-
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mation technology, such as Virtual Reality (VR), Mixed Reality (MR), and Holo-
gram Projection (HP), offer transformative learning experiences through tools
like virtual simulation and biosimulation training [7]-[9]. These technologies hold
significant potential for application in key components of MIS training. Our team
has already leveraged MR technology to facilitate pre-operative physician-patient
communication, surgical planning, and provided real-time intra-operative navi-
gation. This technology clearly pre-visualizes critical anatomical structures (e.g.,
vessels, trachea, lesions) and their spatial relationships. Surgeries conducted with
MR assistance have proceeded smoothly, with patients experiencing positive post-
operative recovery outcomes and successful discharges.

Based on the current implementation status of MIS-related teaching within the
undergraduate curriculum for military medical students and integrating the prac-
tical teaching experience of our team, this paper proposes a “Six-Step” instruc-
tional strategy specifically designed for military medical students. The aim is to
preliminarily construct and implement a structured MIS teaching system within

the military medical academic setting [10].

2. Course Overview

Currently, minimally invasive surgery (MIS) theory and practice are not formally
integrated into the curriculum for military medical students as a dedicated course,
whether elective or compulsory. This gap impedes the advancement of medical
technology and the cultivation of surgical talent. For military medical institutions,
it further hinders the training of military medical professionals and compromises
comprehensive battlefield casualty care. Focusing on MIS theory and practical
training, our team’s surgical education initiative addresses this issue. By synthe-
sizing our methodologies and empirical experience in delivering MIS instruction,
we propose a “Six-Step” instructional strategy for military medical students. This
strategy encompasses:

1) Theoretical MIS instruction (including textbook development).

2) Foundational surgical skills training.

3) Virtual simulation training.

4) Biosimulation training.

5) Animal surgical labs.

6) Standardized course assessment.

This progressive, interconnected framework aims to establish a structured MIS
teaching system within the military medical curriculum, initially implemented
through an elective course format [11] [12].

The course is designed for fourth-year, second-semester students in the five-
year military medicine program, with a class size of 30 - 35. Enrollment criteria
include successful completion of General Surgery, ranking within the top 50% of
the cohort, and no history of VR-induced motion sickness. The curriculum com-
prises 36 contact hours delivered during the eight weeks immediately preceding
clinical clerkships, thereby laying the groundwork for subsequent rotations in

combat-trauma specialties.
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3. Current Status of MIS-Related Education in Military
Medical Institutions

While domestic and international experts have extensively researched MIS train-
ing theories, most studies lack targeted practical components. Some scholars main-
tain that “students will gradually acquire these skills during clinical practice” [13].
Presently, the absence of systematic MIS theory and hands-on courses in military
medical curricula results in limited trainee exposure to clinical MIS applications.
Students typically gain fragmented knowledge through observation and self-di-
rected learning during clinical rotations or residency, guided variably by supervi-
sors across specialties [14].

In China’s continuing medical education phase, young surgeons’ MIS training
yields mediocre outcomes due to insufficient professional textbooks, standardized
training systems, and assessment criteria [14]. This deficiency is even more pro-
nounced for undergraduate medical students or interns. Disparities in instructor
quality, coupled with non-targeted self-learning, lead to fragmented educational
resources, inconsistent teaching quality, and prolonged learning curves [11]-[13].
Systematically training students during their academic phase—followed by resi-
dency and specialty standardization—would streamline learning. Integrating pre-
employment theory courses, simulation drills, animal labs, and certification ex-
ams could significantly shorten training cycles for military surgical professionals.

Key issues in current MIS education include the following contents.

3.1. Should MIS Theory and Practical Training Start “From the
Ground Up”?

The necessity of early “enlightenment-style” higher education in MIS for under-
graduate students remains debated due to their heavy academic workload, foun-
dational medical training stage, and uncertainty regarding future specialization.
Some scholars argue that introducing clinical surgical skills training—especially
advanced techniques like MIS—during undergraduate studies is premature, po-
tentially yielding suboptimal results and inefficient resource utilization [15]. Con-
versely, we contend that MIS-related theoretical and practical courses should be
integrated into the curriculum. Early exposure fosters an MIS-centric mindset
within academia. Tailored approaches are essential: students nearing clinical ro-
tations or internships derive significant benefits: Accelerated transition through
the initial transitional disorientation phase when encountering MIS; Enhanced
preceptor-trainee rapport and smoother clinical teaching initiation; Strengthened
professional identity and career planning confidence; Proactive cultivation of spe-

cialized surgical talent through early, structured training.

3.2. Lack of Dedicated MIS Courses, Specialized Faculty,
and Standardized Teaching Materials

The absence of MIS-focused electives or workshops impedes tailored education

for interested students. For trainees entering clinical practice, such courses are
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crucial for understanding surgical evolution, accelerating clinical acclimatization,
and discerning disciplinary trends. Furthermore, a shortage of multidisciplinary
faculty (e.g., general surgery, thoracic, urology, gynecology) with deep expertise,
pedagogical experience, and surgical proficiency hinders effective instruction. The
lack of systematic, high-quality textbooks—despite numerous available resources—

compromises educational consistency and depth.

3.3. Absence of a Structured MIS Training System in the Curriculum

Current curricula lack cohesive MIS courses and skills labs. Consequently, trainees
typically first encounter MIS haphazardly during clinical apprenticeships through
observation and self-directed learning. This delayed, fragmented exposure leads to

inefficient skill acquisition and suboptimal foundational competency.

3.4. Insufficient Integration of Simulation Technologies in MIS
Training

Emerging technologies like Virtual Reality (VR), Mixed Reality (MR), and Holo-
gram Projection (HP) offer transformative learning paradigms [8] [11] [14]-[16].
MR—an evolution of VR—enables real-virtual synthesis, dynamic interaction,
and spatial precision [17] [18]. It generates hybrid environments where physical
and digital objects co-exist and interact, merging elements of augmented/virtual
reality. MR has shown promise in clinical training (e.g., pre-operative counseling,
pulmonary nodule localization, CPR simulation) [19] [20]. Despite this potential,
simulation technologies remain underutilized in current MIS pedagogy. Integrat-
ing VR/MR into virtual/biosimulation training modules could substantially ele-

vate educational outcomes [21]-[25].

3.5. Lack of Standardized Assessment Metrics for MIS Training

Optimizing MIS training efficacy requires not only refining skill-building activi-
ties but also establishing uniform assessment standards. A comprehensive frame-
work should evaluate theoretical knowledge, foundational technical skills, simu-
lation performance, animal lab proficiency, and clinical operative competence
[26]-[28]. Existing assessment tools are inconsistent, lack systemic rigor, and fail
to address military medical trainees’ unique needs [29] [30]. Developing and re-

fining military-specific, competency-based benchmarks is imperative [31].

4. Implementation Strategy: The “Six-Step” MIS Training
System

Building on global pedagogical research and our team’s practical expertise, we
propose that MIS training requires integrated theoretical instruction and system-
atic skill progression. Our strategy targets military medical students across three
key settings: university classrooms, MIS training centers, and clinical environ-
ments. The “Six-Step” framework comprises:

1) Theoretical MIS instruction (including textbook development).
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2) Foundational technical skills training.

3) Virtual simulation training.

4) Biosimulation training.

5) Animal surgical labs.

6) Standardized competency assessment.

This structured approach establishes a comprehensive MIS training system for
military medical students, with the long-term goal of developing a national MIS
training hub for military-civilian medical talent cultivation [21] [22]. Implemen-

tation details follow.

4.1. Step 1: Theoretical Instruction

Curriculum Development

A systematic MIS textbook is essential to address current gaps in standardized
materials [27]. The proposed textbook will cover: fundamental principles of en-
doscopic surgery, instrumentation classification and applications, core technical
protocols, and specialty-specific procedures (General/Thoracic/Urologic/Gyne-
cologic Surgery) with case-based illustrations [28].

Course Delivery

Delivered as an elective course for students transitioning to clinical practice,
theoretical instruction includes: historical evolution and current trends in MIS,
clinical applications across surgical specialties, indications/contraindications for
MIS procedures, equipment identification and operation protocols, patient posi-
tioning, access techniques, and sterile principles [29], and prevention/manage-

ment of postoperative complications [30].

4.2. Step 2: Foundational Technical Skills Training

Conducted at clinical skills centers, this phase trains: instrument proficiency:
Graspers, scissors, suction devices, needle holders.

System setup: Endoscope-camera-light source connections, insufflator calibra-
tion, sterile, technique.

Energy device operation: Electrocautery (monopolar/bipolar), ultrasonic shears,
vessel sealers (e.g., Ligasure®).

Core techniques: Trocar placement, tissue manipulation, suturing, knotting,

hemostasis in simulated environments [31].

4.3. Step 3: Virtual Simulation Training

After mastering basics, students advance to VR simulators for: depth perception
and bimanual coordination drills, procedure-specific modules (e.g., cholecystec-
tomy, tubal ligation) and real-time performance metrics to enhance spatial rea-

soning and tissue handling [32] [33].

4.4. Step 4: Biosimulation Training

High-fidelity biologic models enable:
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Specialty-specific simulations (laparoscopic/thoracoscopic procedures).
Tactile feedback for realistic tissue interaction.

Physiologic response systems (e.g., bleeding control challenges) [7].

4.5. Step 5: Animal Surgical Labs

Porcine models provide advanced training:
Pre-op system setup: Endoscope calibration, insufflation parameters (pressure:
12 - 15 mmHg).
Energy device optimization: Power settings for dissection/coagulation.
Procedural execution: Laparoscopic cholecystectomy, appendectomy, bowel anas-

tomosis under instructor supervision [34].

4.6. Step 6: Standardized Assessment & Training Hub Development

A multistage evaluation framework includes: written examinations (theory),
OSCE stations for technical skills, simulation task metrics, and animal lab perfor-
mance rubrics [31] [35]. This culminates in establishing a dedicated MIS training
center for scalable military-civilian medical education [36].

Assessment Tools and Pass/Fail Thresholds for Step 6 include:

1) Theoretical examination: 2023 MIS-Knowledge Exam; >80/100 is passing.

2) OSCE: MISTELS scoring system; 274 points constitutes a pass.

3) VR module: LapSim® 2024 release; Global Score > 70% and <3 errors.

4) Animal laboratory: ACS/APDS 2022 five-level scale; completion requires a
rating > 4.

4.7. Pilot Evaluation

A pilot evaluation conducted from May to July 2024 with 32 fifth-year military
medical students (class of 2020) at the Naval Medical University demonstrated
that the proposed curriculum significantly improved learning outcomes: mean
theoretical-exam scores rose by 18.4 % (p < 0.01), VR-module task-completion
time decreased by 21.7%, and the overall pass rate reached 90.6%, thereby provid-

ing initial evidence for the feasibility and effectiveness of the Six-Step model.

4.8. Resources and Ethics

¢ VR/MR equipment: 8 sets, funded by the university education and training
grant (RMB 180,000).

e Animal laboratory: 15 Bama miniature pigs per year, approved by the Naval
Medical University Animal Ethics Committee.

e Cost reduction: Shared use of the VR training center with a local tertiary-
grade-A hospital lowered consumables cost from RMB 450 to 190 per trainee

per session.

5. Conclusions

This study addresses the current status of minimally invasive surgery (MIS) edu-
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cation in undergraduate military medical curricula. Synthesizing our team’s
methodologies and empirical insights, we propose a systematic “Six-Step” instruc-
tional strategy tailored for military medical students. This framework establishes
an integrated MIS teaching system centered around large-scale teaching hospitals
and animal surgical centers. Key components include:

e Development of specialized faculty teams.

o Creation of evidence-based teaching materials.

e Design and implementation of progressive training modules.

e Standardized competency assessment protocols [10] [36].

The ultimate objective is to establish a national MIS training hub to advance mil-
itary-civilian surgical education. This initiative holds significant implications for:

1) Cultivating elite MIS practitioners within military medical forces.

2) Enhancing comprehensive combat casualty care capabilities.

3) Refining forward-deployed medical technologies.

4) Reducing combat/training casualty mortality rates.

5) Addressing the military’s pressing operational demands for heightened com-
bat effectiveness and optimized medical support [1] [12] [37].

Compared with the ACS/APDS curriculum, our framework introduces VR
training during the undergraduate phase and, for the first time, incorporates a
“combat-trauma” module featuring MR real-time navigation. Relative to the 2023
EAES guidelines, we have added a dedicated unit on “MIS under resource-limited
tactical conditions,” underscoring its military character and minimizing overlap

with civilian courses [38] [39].
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