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Abstract. The objectives of the current article include the preservation of the
scientific heritage of Bulgarian Ortho-rehabilitation school through development
of an electronic archive in the field of “Orthopedic Rehabilitation of soft-tissue
lesions of the knee complex”, and analysis of the efficacy of its application in the
post-graduate medical and healthcare education.
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1 Introduction

1.1  Electronic Learning and Electronic Archives

Electronic learning (e-learning) is defined as “the use of modern multi-media technol-
ogies and Internet, to enhance the quality of education” (Dochev et al., 2000). The terms
distance learning, web-based learning, computer-based training and Internet-based
training are often used interchangeably in the literature.

The development of e-learning, initially supported by electronic libraries, began in
the late twentieth century. However, the COVID-19 pandemic significantly accelerated
the digital transformation of education (Zhao, 2024; Zou et al., 2025). As a result, e-
learning adoption has expanded rapidly, with projections suggesting growth of up to
250% by 2026 (Peck, 2025).

Commonly used digital learning resources in contemporary education include:
online educational videos, educational applications and software, digital libraries, web-
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assisted courses, blended (hybrid) learning formats, fully online courses, research-ori-
ented websites, e-books, simulations and virtual reality environments, augmented real-
ity tools, skill-oriented educational games, etc. (Zou et al., 2025; Cahyani & Aminudin,
2025).

1.2  Post-graduate Education in Medicine and Healthcare

Education in the medical field is an extremely complex process that requires the inte-
gration of theoretical knowledge and practical clinical skills (World Federation for
Medical Education, 2015).

Recently, we observe an increasing interest to the post-graduate medical education
in the areas of clinical medicine and healthcare (Guraya et al., 2025). We moved from
the traditional paradigm of reproduction of the undergraduate strategies to a more prac-
tical approach of adaptation to the needs of clinical practice, integrating illness script-
formation, problem-solving learning, improvement of clinical reasoning and clinical
decision-making of learners (Lubarsky et al., 2015; Parsons et al., 2020). For evaluation
of competencies, we apply test-enhanced learning and direct observation of trainees’
performance (Lubarsky et al., 2015; Parsons et al., 2020). The contemporary evaluation
of competencies incorporates modern assessment strategies, including test-enhanced
learning and direct observation of trainees’ clinical performance (Baker et al., 2015;
Singh et al., 2025). The actual globalization of the information facilitates the scientific
exchange and the development of a practice-targeted learning and skill gaining. Educa-
tors transfer their interest to the development of competencies, integrating the
knowledge to clinical care. An individualization of the approach is observed — trainee-
centered education, as well as a patient-centered care.
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Fig. 1. Specific characteristics of post-graduate education in clinical rehabilitation for medical
specialists and healthcare professionals.

In the field of rehabilitation practice, we shift the paradigm with innovations of educa-
tional concepts, development of under-graduate and post-graduate education (including
electronic learning and use of digital libraries), and changes in the evaluation methods

(Fig. 1).
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1.3 Specificity of the Bulgarian Ortho-rehabilitation School

The Bulgarian Rehabilitation School was established in the mid-twentieth century,
alongside the creation of the medical specialty “Physiotherapy and Rehabilitation”
(later renamed to “Physical and Rehabilitation Medicine” in 2004), as well as the cor-
responding scientific society. Over the past five decades, numerous medical doctors —
specializing in Physical and Rehabilitation Medicine (PRM) and in Orthopedics and
Traumatology (OT), have contributed to the field of functional recovery in patients with
orthopedic diseases and traumatic conditions, with emphasis in the post-operative pe-
riod. These specialists laid the clinical foundations of the Bulgarian School of Ortho-
pedic Rehabilitation in the late 1960s. By the end of the twentieth century, the intro-
duction of modern minimally invasive orthopedic techniques (such as arthroscopy and
robotic surgery) for the treatment of soft tissue injuries, led to the corresponding adap-
tation and advancement of the approaches in rehabilitation.

Traditionally, the Bulgarian Ortho-Rehabilitation School demonstrates a strong in-
terest in the functional anatomy of the locomotor system and emphasizes detailed
pathokinesiological analysis of the consequences of musculoskeletal lesions (Fig. 2).
Detailed functional assessment of the affected structures serves as the basis for devel-
oping individualized rehabilitation programs that integrate both traditional and contem-
porary physical modalities, including active exercises, soft-tissue techniques, cryother-
apy, underwater gymnastics, and preformed physical modalities (electric currents, mag-
netic field, laser therapy, etc.).

L)
REHABILITATION ALGORITHM IN SOFT-TISSUE TRAUMATIC LESIONS OF THE KNEE COMPLEX

# Functional anatomy of the knee complex ‘!'

~ Pathokinesiological analysis
¥ Mini-invasive interventions
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» PRM-program
» Periodical contral
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Fig. 2. Ortho-rehabilitation algorithm for soft-tissue lesions of the knee complex.

The aim of the present work is to preserve the scientific traditions and clinical experi-
ence of the Bulgarian Ortho-Rehabilitation School through the development of a digi-
talized repository intended for postgraduate education of medical doctors — residents in
Physical and Rehabilitation Medicine (PRM), as well as for physiotherapists, working
in this field.
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2 Exposition of the Investigation

2.1  Objective

The objective of this study was to develop an electronic archive entitled “Rehabilitation
in Soft-tissue Lesions of the Knee Complex™ and to assess its impact on the professional
competencies of PRM-trainees and physiotherapists, involved in the rehabilitation of
such patients.

2.2 Design of the Study

A digital archive was developed, based on the traditions of Bulgarian Orthopedic
School and our own clinical experience. Parallel to this, an electronic postgraduate ed-
ucational course was designed for PRM-trainees and physiotherapists, working in this
field.

The course was conducted twice, with adaptation to accommodate different profes-
sional levels and clinical roles within the interdisciplinary orthopedic rehabilitation
team: first for medical doctors (PRM residents), and subsequently for health profes-
sionals. These postgraduate courses were incorporated into the Long-Life-Learning
(LLL) educational plan of the Bulgarian Association of Healthcare Professionals. In
addition, courses for medical doctors — PRM trainees, were included in the postgraduate
residency training in Physical and Rehabilitation Medicine — at the Specialized Hospital
for Long-Term Care and Rehabilitation “Serdika” in Sofia. The project and its out-
comes were presented at national scientific forums organized by the Bulgarian Associ-
ation of Physical Medicine and Rehabilitation.

Both the educational courses and the digital repository were delivered through the
corresponding electronic learning platforms of the Medical University of Sofia and the
Bulgarian Association of Healthcare Professionals.

Participation in the courses and access to the digital archive were provided free-of-
charge for learners.

Each course concluded with an online test assessing theoretical knowledge (scored
from 0 to 100 points) and a practical examination evaluating practical clinical skills
(graded on a scale from Poor 2 to Excellent 6). At the end of each course, and prior to
the release of examination results, participants were invited to complete an anonymous
online questionnaire evaluating their feedback regarding the course and the electronic
archive.

Statistical analysis of the results was performed using IBM SPSS Statistics.

2.3 Structure and Contents of the Electronic Archive

As mentioned, one of our primary objectives was to integrate the traditional clinical
approach of the Bulgarian school of Orthopedic rehabilitation, developed over the last
five decades, into the educational process of members of the ortho-rehabilitation team,
including medical doctors and physiotherapists. Initially, this content formed a part of
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a general archive in Physical and Rehabilitation Medicine (Koleva et al., 2025-b); how-
ever, with the expansion of materials, a dedicated library of specialized resources was
subsequently established. The aforementioned electronic archive integrates traditional
scientific resources, contemporary clinical guidelines, and educational materials related
to the topic “Rehabilitation after Soft-Tissue Lesions of the Knee Complex” (Fig.3). The
content included information on the normal anatomy and biomechanics of the knee
(Tria & Klein, 1992; Chhabra et al., 2002), as well as kinesiological analysis and patho-
kinesiological abnormalities associated with knee disorders (Toutoungi et al., 2000).
Fundamental aspects of functional assessment were also addressed (Petty & Moore,
2003; Shankman, 2004; Laver Fawcet, 2007). In terms of management, we incorpo-
rated the core principles of orthopedic and rehabilitation treatments (Beynnon et al.,
2005a; Beynnon et al., 2005b; De Lisa, 2005; Koleva et al., 2020). Particular emphasis
was placed on both traditional and contemporary rehabilitation methods (Londono,
2001; Plaja, 2003; Hebgen, 2013; Tapanez, 2012; Koleva et al., 2025-a).

Presentations of selected clinical cases were also included in the archive.

In addition, the archive contains our own books on the topics “Orthopedic Rehabil-
itation” and “Rehabilitation in Soft-Tissue Lesions of the Knee Complex” (Fig.4).

STRUCTURE OF THE ELECTRONIC ARCHIVE

PRACTICAL SKILLS
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THEORETICAL PART — REHABILITATION

0Q physical Factors, applied in OT rehabilitation of the
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CASE STUDIES
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Videos

olagical Gait Patterns

Fig. 3. Structure of the electronic archive.
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Fig. 4. Some books on the topic of the digital library.

2.4  Structure of the Electronic Archive from a Technological
Perspective

From a technological perspective, the developed electronic archive represents a web-
based modular system, designed to ensure accessibility, scalability, and interoperabil-
ity - within modern e-learning environments.

The system architecture follows a three-tier model, consisting of:

*  Presentation layer — user interface accessible via standard web browsers,

optimized for desktop and mobile devices;

*  Application layer — responsible for content management, user authentication,

and course logic;

*  Data layer — structured repository storing educational materials, clinical cases,

and user-generated data.

The archive is implemented using a relational database model, enabling structured
storage of heterogeneous medical content, including:

»  Textual resources (scientific publications, guidelines, manuals);

*  Multimedia elements (images, videos, presentations);

e Structured clinical case data (diagnosis, intervention, rehabilitation protocol,

outcomes);

*  Assessment data (test results, user performance metrics).

Metadata standards are applied to ensure efficient indexing and retrieval of re-
sources, supporting search, filtering, and categorization by pathology, intervention
type, and rehabilitation approach.

The platform supports role-based access control, distinguishing between adminis-
trators, educators, and learners. This ensures secure content management and personal-
ized learning pathways.

Integration with existing educational platforms of the Medical University of Sofia
and the Bulgarian Association of Healthcare Professionals is achieved through web-
based protocols and standardized authentication mechanisms, allowing seamless
access to the archive within broader e-learning ecosystems.

The system also incorporates assessment modules, including:
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* automated online testing (scored quantitatively);

»  practical evaluation tracking (qualitative grading scale);

e feedback collection through anonymized questionnaires.

Statistical processing of learner performance and feedback data was conducted using
IBM SPSS Statistics, enabling objective evaluation of educational outcomes.

2.5  Material and Methods

The impact of the electronic archive on learners’ professional competencies was as-
sessed by comparing competency levels before and after completion of the respective
educational course.

The analysis included only participants who successfully completed the course and
submitted fully completed questionnaires.

The distribution of the 102 participants included in the study is presented in Figure

e LEARNERS' DISTRIBUTION ‘
Al 12 % Men 88 % Women
® . Up to 25
@ 26 - 35 ylG/ Mean age — 44.6 y, SD 7.9
36 - 45 y
7 .43-551 C/ Practice - from 4 to 32 years
@ fOvar SRR/ oT-Practice - from 4 to 32 y
@ universyHosphal E/ Work place — Hospitals and
@ hctveCare Hospral Ambulatory rehabilitation I
@ LongTerm Care Haspital
@ Vedcal Universty Yashinow AR, Yoshinow BR. Kolews 18,2026
@  Rehabitation Center

Fig. 5. Learners’ distribution.

2.6  Assessment of Professional Competencies (Measurement Model)

Professional competencies were evaluated using a standardized test-based assess-
ment system, with total scores ranging from 0 to 100 points. The assessment instrument
consisted of 20 multiple-choice questions (MCQs), each carrying equal weight (5
points per question). The test covered five key competency domains: (1) functional
assessment, (2) rehabilitation of knee soft-tissue injuries, (3) application of preformed
physical modalities, (4) gait training, and (5) pain management. Each domain was rep-
resented by four questions, ensuring balanced coverage across all areas.

The same test structure and level of difficulty were applied in both the pre-course
(baseline) and post-course (final) assessments in order to ensure comparability of re-
sults. To minimize recall bias, equivalent question variants were used in the post-test,
assessing the same competencies, but with modified clinical scenarios.

The final score was calculated as the sum of correctly answered questions, con-
verted directly into a percentage scale (0—100 points). No negative marking was ap-
plied.
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2.7 Database Model of the Electronic Archive

The electronic archive is based on a relational database model, designed to support
structured storage, retrieval, and analysis of both educational and clinical data. The
conceptual data model follows an Entity—Relationship (ER) structure, integrating
core entities related to users, educational content, clinical cases, and assessment pro-

cesses (Figures 6 and 7).
The primary entities include:

o Users (learners, educators, administrators), storing demographic and

professional data;
*  Courses, representing structured educational modules;

e Clinical Cases, containing structured medical information (diagnosis,

intervention, rehabilitation protocol, outcomes);
*  Resources, including multimedia and textual educational materials;
*  Assessments, representing pre- and post-course evaluations;
*  Questions and Answers, defining the structure of competency tests;
*  Results, storing user performance and calculated scores.

Relationships between entities ensure traceability of the learning process, enabling
linkage between users, accessed resources, completed courses, and achieved compe-

tency outcomes.
The database design supports:
*  Many-to-many relationships (e.g., users enrolled in multiple courses);

*  Hierarchical categorization (e.g., resources by pathology and rehabilitation

type);
*  Longitudinal tracking (pre/post assessment comparisons).

This structure enables efficient querying, statistical analysis, and future integration

with intelligent systems for personalized learning and clinical decision support.
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- - — Performance Data- Statistical Analysis
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p Metadata Indexing & Search a Role-Based Access Control

SECURE SERVER & DATABASE

Fig. 6. System architecture of the Electronic Archive.
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3 Results

The educational course was conducted twice: once for medical doctors (MD) - PRM
trainees, and once for physiotherapists.
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3.1  Analysis of Professional Competencies

Figure 8 presents the comparative evaluation of participants’ professional competencies
- before and after the use of the electronic archive (0-100 points). A significant im-
provement in competencies was observed in the areas of functional assessment, knee
trauma rehabilitation with application of preformed physical modalities, gait training,
and pain management.

Professional competencies (0-100) aBefore

BAfter

Fig. 8. Professional competencies — before and after the completion of the course.

3.2 Analysis of Learners’ Opinion

Participants’ opinions regarding the educational course and the electronic archive were
assessed using an anonymous questionnaire, based on a Likert Scale (Fig. 9). We used
a traditional 5-levels Likert scale (Likert, 1932) and the results were analyzed according
guidelines, traditionally used in medical education (Sullivan, 2013).

Absolutely satisfied
Satisfied Vashinaw AR Yoshinay EF, Kaleva 18, 2026

Indifferen

LEARNERS' OPINION
OF THE EDUCATIONAL COURSE
AND
QF THE ELECTRONIC ARCHIVE

Unsatisfle

Absolutely,
unsatisfie

. Absolutely satisfied

. Satisfied

Indifferent
. Unsatistied

. Absolutely
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Fig. 9. Learners’ evaluation using a Likert scale (1-5).
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4 Discussion and Conclusion

The observed improvement in learners’ professional competencies following the use of
the electronic archive is relevant to domains, associated with the quality of care and
quality of life of patients with traumatic soft-tissue lesions of the knee complex.

The implementation of electronic archives in postgraduate medical education allows
for long-life learning and improvement among medical specialists and healthcare pro-
fessionals. In this way, digital libraries support professional development and contrib-
ute to the overall betterment of quality of care for orthopedic patients with knee soft-
tissue injuries.

A limitation of the present study is its focus on a single pathological condition - soft-
tissue knee trauma. Future development of the archive could broaden its horizon to
include rehabilitation strategies for other socially significant conditions within Ortho-
pedics and Traumatology.

The e-repository remains open to expansion of new data in line with evolving rec-
ommendations. Currently, the archive includes presentation of typical clinical cases
(covering major types of traumatic soft tissue conditions and corresponding arthro-
scopic interventions), as well as a limited number of rare cases. In the future, additional
unique and complex clinical cases may be incorporated.

Ongoing technological advancements suggest further development in e-learning, in-
cluding the integration of virtual reality, augmented reality, and artificial intelligence.
These immersive technologies are expected to provide enhanced hands-on learning op-
portunities, enabling medical specialists and health professionals in rehabilitation to
practice and refine their skills within simulated and data-driven virtual environments.

The development of the system toward intelligent and immersive learning envi-
ronments includes:

* Integration of artificial intelligence for personalized learning and decision

support;

*  Implementation of virtual reality (VR) and augmented reality (AR) modules

for simulation-based training;

*  Expansion toward predictive analytics, supporting clinical reasoning and

rehabilitation planning.

Digital libraries represent an important tool for preserving the scientific heritage and
clinical experience of the pioneers and founders of the Bulgarian School of Orthopedic
Rehabilitation.
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