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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Rationale: Digital transformation of education through 

the integration of modern computer and digital technologies 
into teaching practice represents a key priority today. This 
is particularly relevant for medical universities, which face 
a shortage of electronic training programs for specialist 
preparation. The need for continuous improvement of 
educational processes necessitates targeted development and 
implementation of such resources.

Purpose of the study: to develop and integrate an electronic 
educational course "Drainage in Mine-Blast Injuries" into the 
General Surgery module curriculum.

Methods: The training program was created using specialized 
graphic, animation, and web-based learning software. 
Competence formation was assessed among 43 learners 
(residents) at Sechenov University (First Moscow State Medical 
University), Moscow. Statistical analysis was performed 
using STATISTICA 13 software, with differences considered 
significant at p<0.05.

For statistical processing of the obtained factual material, the 
software STATISTICA 13 was used.

Results: Respondents highly rated the program's effectiveness, 
with top scores for "Creative approach (CA)" – 4.98±0.02 and 
"Material comprehension assessment (MCA)" – 4.97±0.03.

Conclusion: High performance metrics of electronic learning 
justify its broad implementation in higher education. Specialists 
value the program for providing engaging, well-structured, and 
easily assimilated instructional content that facilitates mastery 
of substantial information volumes.

Key words. HTML5 program, mine-blast injuries, quality of 
e-learning, surgery, educational informatization.
Introduction.

In the mid-20th century, informatization began to develop 
rapidly, including computerization, which penetrated many 
social sectors, including the unified education system. The 
formation of knowledge in academic disciplines is based 
on organic connections rooted in the very “nature” of the 
disciplines themselves [1,2]. The development of information 
and computer technologies, including elements of gamification, 
is transforming education by emphasizing interactivity, 
personalization, and the development of digital competencies. 
The introduction of game-based mechanics into educational 
processes increases engagement, while digitalization ensures 
flexible access to knowledge, creating new realities in which 
learning becomes continuous and practice-oriented [3].

Computer-based training programs in Russian medical 
universities began to be actively introduced in the 2000s with 
the development of the federal platform “Electronic University.” 
In 2021, about 90% of medical universities switched to 
distance-learning platforms during the COVID-19 pandemic, 
using platforms such as Moodle, Zoom, and Yandex Telemost, 
among others. Sechenov University and Tyumen State Medical 
University introduced interactive systems such as “Virtual 
Patient” and VR simulators, increasing student motivation 
by 20–30% [4,5]. Today, digital educational resources are 
increasingly in demand among both students and faculty in 
higher medical education institutions. Training specialists in 
the healthcare system involves mastering large volumes of 
theoretical knowledge, professional skills, and competencies, 
which necessitates individualized educational pathways 
taking into account continuous medical education. However, 
personalized learning trajectories have certain limitations, such 
as a lack of data-navigation skills, analytical abilities, and the 
ability to select key, relevant information [6,7]. 

Electronic educational programs are of particular importance 
in the study of clinical disciplines, where the combination of 
theoretical knowledge and practical skills is required. Virtual 
simulators, case-based modules, and multimedia algorithms 
for diagnosis and treatment make it possible to practice clinical 
reasoning, tactical decision-making, and the sequence of 
procedures in conditions that pose no risk to the patient. This 
creates prerequisites for the early development of clinical 
competencies, preparation for work in a simulation center, and 
subsequent integration into real clinical practice [8].​

Current digitalization in Russian medical universities reveals 
a gap between potential and actual implementation. Despite the 
modernization of education, many institutions face a shortage of 
computer-based training programs or their limited use [3,9,10].

The module “Drainage in Mine-Blast Injuries” is a key 
component for the development of practical skills. The choice 
of topic is justified by the fact that modern armed conflicts 
are characterized by high-energy mine-blast injuries (MBIs), 
accompanied by extensive zones of necrosis and early tissue 
infection. Approximately 60% of such injuries involve the 
extremities. Due to the significant prevalence of secondary 
damage in MBI, primary wound closure is contraindicated, which 
necessitates repeated surgical debridement, the application of 
vacuum-assisted closure (VAC) systems and drains, and later 
reconstructive procedures. Mastery of this topic is an essential 
element of surgical training, enabling rapid practical, decision-
oriented management [8].
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Aim. 
To analyse the effectiveness of the electronic course “Drainage 

in Mine-Blast Injuries” for integration into the educational 
program aimed at developing practice-oriented competencies in 
students.
Objectives:

To perform a literature review on informatization in education 
and the use of computer-based training programs.

To develop an interactive HTML5 application "Drainage in 
Mine-Blast Injuries."

To integrate the HTML5 application "Drainage in Mine-Blast 
Injuries" into teaching practice.

To conduct a survey among residents in the specialties of 
«Surgery» to evaluate effectiveness indicators.
Materials and Methods.

The program was developed using system software: Adobe 
Animate AA 21 (Windows), Adobe Photoshop CC 2021, iSpring 
Suite 10.2 and CorelCAD 2020 (Windows/Mac). The developed 
educational program is structured into two complementary 
sections, theoretical and practical, which ensures stepwise 
formation of knowledge and clinical reasoning. The theoretical 
section includes systematically presented material on the 
indications and contraindications for drainage, the classification 
of drains, the features of their design, and the technique of 
drainage and postoperative patient management. The textual 
information, diagrams, tables, and illustrations included in the 
program help structure the material and make it more visually 
accessible. The practical section (testing and clinical cases) is 
designed to reinforce acquired knowledge through gamification. 

It includes interactive scenarios with step-by-step selection of 
actions, simulation of drainage procedures in various clinical 
situations, situational tests, and tasks with analysis of typical 
errors and possible complications. Such program design not 
only consolidates theoretical knowledge but also develops 
stable decision-making algorithms that are close to real clinical 
practice (Figure 1).

The training section provides in-depth study of the theory. 
It sequentially examines the physicochemical aspects of blast 
injury, the formation of primary and secondary zones of damage, 
the characteristics of the purulent-inflammatory process, tissue 
infection, and the role of drainage. Separate consideration 
is given to the types of drainage (active and passive), their 
physiological mechanisms, indications and contraindications, 
and principles of selection depending on wound location 
and severity of damage. An important element of the section 
is the inclusion of clinical cases and schematic animations, 
which make it possible to visually follow the decision-making 
algorithm from primary surgical wound debridement to the 
selection of a specific drainage type in staged treatment. This 
approach promotes the development of clinical reasoning and 
the ability to apply theoretical knowledge in actual practice.

The multimedia section of the program includes video 
materials, gamification elements, and other formats presented 
in a convenient form. This allows users to study offline, at a 
convenient time, and at their own pace.

The practical section is organized as interactive simulations and 
validated tasks based on virtual wound models and topographic 
zones of the lower extremities. Residents sequentially perform 
actions such as planning surgical debridement, selecting the 

Figure 1. Using multimedia in the HTML5 program «Drainage for mine-explosive wounds».
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Figure 2. « Knowledge assessment» in the electronic training program « Drainage in Mine-Blast Injuries».

Figure 3. Interactive learning environment of the electronic program.
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site and direction of drain placement, modeling combined 
drainage, and assessing possible complications arising from 
incorrect insertion or selection of a drain. Each practical task 
is accompanied by feedback: the system identifies errors and 
suggests the correct option with a brief explanation. 

The “Knowledge Assessment” section is designed to evaluate 
the level of training. It is based on a system of tests and situational 
tasks that allow an objective assessment of material mastery. 
At the beginning of each module, an entry test consisting of 
closed-format multiple-choice questions is provided to identify 
the initial level of knowledge and determine “problem” areas 
requiring additional practice. Intermediate tests after the 
theoretical section make it possible to consolidate key concepts 
and immediately check how well the learner has understood 
the principles of drainage in MBI. Special attention is given to 
situational tasks simulating clinical cases from military field 
practice. The learner is presented with a brief clinical picture, 
examination findings, and additional investigation data, and 
then must choose the surgical strategy, the type of drain, and 
the site of its placement. Several options are provided for each 
task, one of which is considered optimal according to current 
recommendations. After completion, the system provides a 
detailed commentary explaining why the selected option is 
correct or incorrect and referring to the key principles of general 
and military field surgery (Figure 2).

The “Drainage in Mine-Blast Injuries” program was developed 
on the basis of Russian clinical guidelines and current 
educational and methodological materials. Its integration into 

the curricula of medical universities in the areas of Military 
Field Surgery, General Surgery, and Plastic Surgery ensures 
systematic training (Figure 3) [9].

The study design was prospective. When evaluating the main 
sections of the program, such as the “Main Scene of the Training 
Manual,” “Key Points,” “Understanding of the Material,” 
“Structure of the Application,” “Multimedia Capabilities,” and 
“Creative Approach,” a five-point rating scale was used. Each 
of these sections was analyzed separately, taking into account 
both the theoretical richness and the practical usability of the 
program in the educational process.

The assessment was based on the minimum and maximum 
values of this scale, which made it possible not only to rank 
individual sections by quality level, but also to compare them 
within the overall structure of the program. This method 
provided a more objective and systematic assessment of the 
quality of each section, taking into account not only compliance 
with current clinical guidelines, but also the degree of visual 
clarity, interactivity, navigability, and motivational potential of 
the material.

The following sections were assessed using the five-point 
scale: 

•	 main scene of HTML5-application (MSHA);
•	 multimedia capabilities (MC);
•	 material understanding assessment (MUA);
•	 creative approach (CA); 
•	 key points (KP);
•	 structure of HTML5 application (SHA).

Figure 4. Results of HTML5 application section analysis.
Note. In a five-point gradation, each of the five levels reflects the degree to which the section's content meets specific competencies: "1 point" 

indicates minimal implementation of the competencies and effectively amounts to an indication of their non-compliance with educational 
requirements. "5 points" is the highest score.

Leading section:
·	 MSHA – main scene of HTML5 application.
·	 MC – multimedia capabilities. 
·	 MUA – material understanding assessment.
·	 CA – creative approach.
·	 KP – key points.
·	 SHA – structure of HTML5 application.
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This approach made it possible to identify and eliminate the 
weak points of the program.

Inclusion criteria: written informed consent of the “study 
participant”; male or female sex; age over 18 and under 50 
years; second- and third-year students, residents, and first- and 
second-year postgraduate students.

Non-inclusion criterion: absence of practical skills in using 
the program.

Exclusion criteria: refusal or inability to participate in the 
study; noncompliant respondents.

The five-point scale used to evaluate the main sections of the 
program included the following criteria:

1 point: lowest score; the section does not correspond to the 
required competencies or has not been developed in accordance 
with them.

2 points: below average; the degree of compliance with 
competencies is unsatisfactory: the competencies are either 
not developed at all or are represented only formally, without 
practical content or connection with educational tasks.

3 points: average score; the competencies are partial, with 
fragmented inclusion of tasks and insufficient development of 
interdisciplinary and clinical skills.

4 points: above average; the competencies are well structured 
and consistently reflected in the content, methods, and tasks, 
with only minor inaccuracies or isolated gaps in section 
development.

5 points: highest score; the competencies are fully and logically 
integrated into the section structure, ensure holistic formation of 
knowledge, skills, and abilities, require no further refinement, 
and meet the requirements of modern educational standards.

Statistical analysis was performed using STATISTICA 13.0 
(TIBCO, USA). Depending on the distribution of the data, 
descriptive statistics were presented as M ± SD (mean ± 
standard deviation) for normally distributed data. For parametric 
distribution, One-sample Student's t-test was used. Differences 
were considered statistically significant at p < 0.05.

The use of a multimodal electronic program with elements 
of clinical simulation, combined with practical training on 
mannequins and models, will make it possible to improve 
theoretical knowledge and practical skills in MBI drainage 
compared with traditional lecture-based and practical teaching 
formats.
Results.

Figure 4 presents the results of 43 respondents’ evaluation of 
the educational computer program “Drainage in Mine-Blast 
Injuries.” The assessment was carried out using a five-point 
scale, analyzing satisfaction with the content, structure of 
the program, clarity of the materials, interface usability, and 
applicability of the material to practical training and future 
clinical work.

The leading sections were CA, 4.98 ± 0.02, and MUA, 
4.97 ± 0.03. The MSTM reflects an overall assessment of the 
effectiveness and practical applicability of the program. The SA 
reveals the blocks and multimedia capabilities of the presented 
material. The MUA and KP make it possible to track the level 
of competency formation among learners, as well as the degree 
of self-preparation based on test results and situational task 
performance.

Discussion.
The present study demonstrates the promise of using the 

electronic training program “Drainage in Mine-Blast Injuries” 
in the education of students, residents, and postgraduate trainees 
in General Surgery, Military Field Surgery, and Plastic Surgery. 
The inclusion of a HTML5 application built on gamified learning 
principles in the university curriculum is consistent with current 
trends in digital medical education and meets the requirements 
for clinical competency development in future specialists.

The high scores obtained for the key indicators, namely 
“Material Understanding Assessment” (MUA) and “Creative 
Approach” (CA), indicate the high educational value of the 
program as a tool that combines theoretical learning with 
interactive tasks. These findings are consistent with international 
studies in which multimodal digital and simulation resources 
improved the confidence and practical skills of students and 
residents. This study focuses specifically on drainage in combat 
trauma, where the use of drains has been shown to be an 
effective way to reduce infectious complications and prevent 
major amputations [12,13].

The integration of testing elements and situational tasks 
contributes to the development of clinical reasoning and 
stable decision-making algorithms, and also increases learner 
motivation, which is consistent with recent studies on digital 
platforms in surgical training. High scores in the “MSFA,” 
“SFA” “MC,” and “KP” sections confirm that the structure 
and multimedia design of the program comply with modern 
pedagogical design standards and facilitate independent 
learning, including offline use [14,15].
Conclusion.

The electronic HTML5 program “Drainage in Mine-Blast 
Injuries” is a unique educational tool that can be used not only 
in military field surgery, but also in general surgical practice. 
The integration of modern digital and simulation-based 
approaches, including gamification, interactive scenarios, and 
multimedia materials, improves material comprehension and 
learner satisfaction, which is consistent with global research on 
digital learning in medicine.

Developments in digital education are gradually forming 
a new educational paradigm in which platforms, simulation 
technologies, and personalized learning tracks are becoming 
not a supplementary tool but the foundation of the educational 
process.
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РЕЗЮМЕ
Электронная обучающая программа «Дренирование 

при минно‑взрывных ранениях» в изучении модулей 
«Общей хирургии»

Резюме.
Обоснование: на сегодняшний день одной из ключевых 

задач системы образования является ее информатизация, 
то есть активное внедрение современных цифровых и 
компьютерных технологий в педагогическую практику. Это 
особенно актуально для медицинских вузов и учреждений, 
где наблюдается «дефицит» электронных обучающих 
программ для подготовки специалистов. Необходимость 
непрерывного совершенствования учебного процесса 
требует целенаправленной разработки и внедрения таких 
ресурсов.

Цель исследования: создать и интегрировать в учебный 
процесс по модулю «Общая хирургия» электронного 
учебного курса «Дренирование при минно‑взрывных 
ранениях».

Методы: обучающая программа реализована 
с использованием специального графического, 
анимационного и «web‑based learning» программного 
обеспечения. Оценку сформированности компетенций 
провели у 43 обучающихся (студентов, ординаторов 
и аспирантов) ФГАОУ ВО «Первый МГМУ им. И.М. 
Сеченова» Минздрава России (Сеченовский Университет), 
г. Москва. Статистическая обработку данных проводилась 
с помощью программного обеспечения STATISTICA 13. 
Различия показателей при p<0,05 считались достоверными.

Результаты: респонденты высоко оценили эффективность 
обучащей программы. Наивысшие значения получили 
разделы: «Творческий подход (ТП)» – 4,98±0,02, «Оценка 
понимания материала (ОПМ)» – 4,97±0,03.

Заключение: высокие значения показателей 
результативности электронного обучения свидетельствуют 
о целесообразности его широкого внедрения в 
образовательный процесс учреждений высшего образования. 
Специалисты отмечают, что программа обеспечивает 
доступ не только к интересному, но структурированному и 
легко усваиваемому учебно-методическому материалу, что 
способствует успешному освоению значительного объема 
информации.
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Ключевые слова: HTML5-программа, минно-взрывные 
ранения, качество электронного обучения, хирургия, 
информатизация образования.

რეზიუმე
ელექტრონული სწავლების პროგრამა “ნაღმების 

აფეთქებით გამოწვეული ჭრილობების დრენაჟი” 
“ზოგადი ქირურგიის” მოდულების შესწავლაში 
რეზიუმე.

დასაბუთება: დღეს განათლების სისტემის ერთ-
ერთი მთავარი მიზანია მისი ინფორმატიზაცია, 
ანუ თანამედროვე ციფრული და კომპიუტერული 
ტექნოლოგიების აქტიური დანერგვა სასწავლო 
პრაქტიკაში. ეს განსაკუთრებით აქტუალურია 
სამედიცინო უნივერსიტეტებისა და 
დაწესებულებებისთვის, სადაც სპეციალიზებული 
ტრენინგის ელექტრონული სწავლების პროგრამების 
დეფიციტია. საგანმანათლებლო პროცესის უწყვეტი 
გაუმჯობესების აუცილებლობა მოითხოვს ასეთი 
რესურსების მიზანმიმართულ შემუშავებას და 
დანერგვას.

კვლევის მიზანი: ელექტრონული სწავლების კურსის 
“ნაღმების აფეთქებით გამოწვეული ჭრილობების 
დრენაჟი” შექმნა და ინტეგრირება “ზოგადი ქირურგიის” 
მოდულის სასწავლო პროცესში.

მეთოდები: სასწავლო პროგრამა განხორციელდა 
სპეციალიზებული გრაფიკის, ანიმაციის და ვებ-
ზე დაფუძნებული სასწავლო პროგრამული 

უზრუნველყოფის გამოყენებით. კომპეტენციის 
შეფასება ჩატარდა 43 სტუდენტს შორის 
(ბაკალავრიატის, რეზიდენტის და მაგისტრატურის 
სტუდენტები) ი.მ. სეჩენოვის სახელობის მოსკოვის 
პირველ სახელმწიფო სამედიცინო უნივერსიტეტში 
(სეჩენოვის უნივერსიტეტი), მოსკოვი. სტატისტიკური 
მონაცემების დამუშავება განხორციელდა STATISTICA 
13 პროგრამული უზრუნველყოფის გამოყენებით. 
ინდიკატორებში განსხვავებები p < 0.05-ზე 
მნიშვნელოვნად ჩაითვალა.

შედეგები: რესპონდენტებმა სასწავლო პროგრამის 
ეფექტურობა მაღალ შეფასებას მისცეს. ყველაზე 
მაღალი ქულები მიღწეული იქნა შემდეგ სექციებში: 
„კრეატიული მიდგომა (CA)“ – 4.98 ± 0.02, „მასალის 
გააზრების შეფასება (EMU)“ – 4.97 ± 0.03.

დასკვნა: ელექტრონული სწავლების მაღალი 
შესრულების ინდიკატორები მიუთითებს 
მისი ფართოდ დანერგვის შესაძლებლობაზე 
უმაღლეს საგანმანათლებლო დაწესებულებებში 
საგანმანათლებლო პროცესში. ექსპერტები აღნიშნავენ, 
რომ პროგრამა უზრუნველყოფს წვდომას არა მხოლოდ 
საინტერესო, არამედ სტრუქტურირებულ და ადვილად 
ასათვისებელ საგანმანათლებლო და მეთოდოლოგიურ 
მასალაზე, რაც ხელს უწყობს ინფორმაციის 
მნიშვნელოვანი რაოდენობის წარმატებით შეძენას.

საკვანძო სიტყვები: HTML5 პროგრამა, ნაღმების 
აფეთქებით გამოწვეული დაზიანებები, ელექტრონული 
სწავლების ხარისხი, ქირურგია, საგანმანათლებლო IT.
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