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PREFACE

Scientific progress and sustainable development increasingly depend on interdisciplinary
research and international collaboration. In response to this need, the 1st International
Congress on Health, Sport, Energy and Environmental Sustainability (IHSEC 2026) was
successfully organized in a hybrid format on 23-25 April 2026, hosted by Alanya
Alaaddin Keykubat University (ALKU), Tiirkiye.

IHSEC 2026 was established as an international scientific platform dedicated to fostering
interdisciplinary dialogue, promoting the exchange of innovative ideas, and strengthening
global academic partnerships. The congress brought together researchers, academics,
practitioners, and graduate students from diverse scientific disciplines to discuss current
challenges and emerging opportunities in health, sport, energy, and environmental
sustainability. By encouraging the integration of knowledge across disciplines, the
congress sought to contribute to scientific advancement and to support the development
of sustainable solutions for contemporary global challenges.

The scientific program covered a broad range of topics, including Health Sciences, Sport
Sciences, Energy Systems and Sustainability, Environmental Sustainability, Public Health
and Sustainable Development, and Technology and Innovation for Sustainable Societies.
These thematic areas provided an inclusive framework for presenting original research,
exchanging scientific perspectives, and establishing new collaborations among
participants from different academic backgrounds.

The participation of scholars from Tiirkiye, the United States, Bangladesh, Poland, and
Iraq further enhanced the international character of the congress and created valuable
opportunities for expanding global research networks. The hybrid format ensured broad
accessibility, enabling active participation and scientific interaction regardless of
geographical location.

The Organizing Committee extends its sincere appreciation to all authors, keynote
speakers, reviewers, session chairs, members of the Scientific and Organizing
Committees, and all participants whose dedication and contributions ensured the success
of IHSEC 2026. We also gratefully acknowledge the support and collaboration of our
international partner institutions: Noakhali Science and Technology University, ISRAA
University, SPIRU HARET University, Zagreb School of Business, and Al-Mustagbal
University.

We sincerely hope that these conference proceedings will serve as a valuable reference
for researchers, contribute to the dissemination of scientific knowledge, and inspire future
interdisciplinary research and international collaborations addressing the challenges of a
more sustainable world.

IHSEC 2026 Organizing Committee
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23.04.2026 / Online / SESSION-1

Meeting ID: 912 6818 1944
Join Zoom Meeting
https://zoom.us/i/91268181944

Ankara Local Time: 10:00-12:00
HEAD OF SESSION : Prof.Dr. Sedat BOYACI

Authors Affiliation Presentation Title
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Dr. Bassam Y. IBRAHIM Y with Dry Rot Disease in Stored Potatoes
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23.04.2026 / Online /SESSION-2

Meeting ID: 951 5930 0242
Join Zoom Meeting

https: / /zoom.us /| /95159300242

Time: 10:00-12:00

HEAD OF SESSION : Prof.Dr. Tariq J. Al-Musawi

Authors

Affiliation

Presentation Title

Ahmed Rawdhan
SALMAN
Munther Fadhel
HASAN
Aseel H. Al SABARY

Al-Mustaqgbal University
Al-Mustagbal University
Al-Mustagbal University

Digital Sustainability and Inclusivity: The Future Algorithm for
Epistemic Justice

Mahmoud Daoud AL-
RUBAIE

Al-Mustagbal University

Requirements for Achieving Digital Transformation in Higher
Education Institutions

Maijid, MOHAMMED
SH
Ali ALKHARSAN

Al-Mustagbal University
Iragi Media Network

Dual-Channel LLM-Guided Semantic Feature Extraction with
Zero-Shot Classification for Zero-Day Malware Detection

Maijid, MOHAMMED
SH
Ali ALKHARSAN

Al-Mustagbal University
Iragi Media Network

Dual-Channel LLM-Guided Semantic Feature Extraction with
Zero-Shot Classification for Zero-Day Malware Detection

Musaddak Maher
Abdul ZAHRA

Al-Mustagbal University

Deep Reinforcement Learning—Based Adaptive Modulation
and Coding for Wireless Communication Systems

Deniz CETIN
Levent KAYA

Alanya Alaaddin Keykubat
University

Alanya Alaaddin Keykubat
University

Being A Woman in Aviation: Wings Hitting the Glass Ceiling

Irem Oyki KARTAL
Levent KAYA

Alanya Alaaddin Keykubat
University

Alanya Alaaddin Keykubat
University

Environmental Impacts of Airport Operations and
Sustainability Practices: The Case of Gazipasa-Alanya Airport

Ahmed Adnan HADI

Al-Mustagbal University

A Proposed Model for Al-Driven Smart Learning Environments
to
Enhance Green Education Concepts in Iraqgi Universities

Dhurgham A.A.Al-
Sultany, Ahmed
Jasim
Mohammed Alaa K.
H.
Al-Khalaf

Al-Mustagbal University
Al-Mustagbal University
Al-Mustagbal University

Bioaccumulation of Heavy Metals and Associated
Histopathological Alterations in Cyprinus Carpio

Zahraa N.Hussain
Jamal M. Ali
Hasan S.Majdi
Bashar J.Kadhim
Abbas J.Sultan

University of Technology
University of Technology
Al-Mustagbal University
University of Technology
University of Technology

Enhanced Convective Heat Transfer in Copper Tubes Using
TiO,-
GNP /Water Hybrid Nanofluids

Mohammed Hasan
Aldulaimi

Al-Mustagbal University

An Effective Framework for
Predicting Air Quality Using Artificial Intelligence Techniques

Athraa Y.Al-Hijazi
Hasan K.Alammar
Ali H Al-Ogaili

Al-Mustagbal University
Al-Mustaqgbal University
Al-Mustagbal University

Molecular Changes in Diabetic Rat Dental Pulp: Upregulation
of
RANKL, OPG, and VEGF.

Mohammed M.
Obeid

Al-Mustagbal University

Computational Strategies for Designing 3D Porous Carbon
Anodes for Sodium-lon Batteries: A Mini Review




ULUSLARARASI

KONGRESI

23.04.2026 /Online/ SESSION-3

Meeting ID: 954 1709 5569
Join Zoom Meeting

https: / /zoom.us /| /95417095569

Ankara Local Time: 12:00 - 14:00

HEAD OF SESSION: Dr.Ali Hamid Jasim KHEKAN - Assist.Prof.Dr. Levent KAYA

Authors

Affiliation

Presentation Title

Ali Hamid Jasim
KHEKAN

Al-Mustagbal University

Evaluation and Investigation of Antibiotic Resistance in
Immunocompromised Patients with Chronic Periodontal Diseases: A
Systematic Review

Saja Jawad Obaid
Al-Sailawi

Al-Mustagbal University

Hepcidin-25 as A Central Mediator of Iron Dysregulation in
Chronic Kidney Disease

Mahmood Dawood
SALMAN

Al-Mustagbal University

Study of Variables in The Ratio of Creatine in the Blood
of Short, Medium and Long Distance for Runners

Cigdem ERDEM
Bilgen ARIKAN

Suleyman Demirel University
Usak University

Mobilization After Cardiac Surgery: A Bibliometric Analysis

Zahraa Hamza Merza
Ghadeer Talib Khlaif
Athemar MR. ALWAN

Al-Mustagbal University
Al-Mustagbal University
Al-Mustagbal University

The Rising Incidence of Multidrug-Resistant S. Aureus in Abscess
Infections and Assesses Volatile Qils as A Possible Supplemental
Treatment

Aleyna YILMAZ
Raif ZILELI

Bilecik Seyh Edebali University
Bilecik Seyh Edebali University

A Bibliometric Analysis of
Visual-Motor integration Studies Conducted Using the Beery-

Buktenica
Test Between 2000-2026

Ozlem OZDEMIR
Edanur MARAS
Ozge BASAR

Recep Tayyip Erdogan University
Recep Tayyip Erdogan University
Turkuaz Dental Clinics

Ultrasonic-Assisted Root Canal
Retreatment in A C-Shaped Mandibular First Molar

Ozge BASAR
Ozlem OZDEMIR

Turkuaz Dental Clinics
Recep Tayyip Erdogan University

Endodontic Treatment of a Mandibular Molar Tooth with A Broken
File

Fatma Ozlem UNER
Figen ALP YILMAZ

Alanya Alaaddin Keykubat
University

Alanya Alaaddin Keykubat
University

Psychometric Properties of The Turkish Version of The Sexual
Communication Scale

Fadime TORU

Alanya Alaaddin Keykubat
University

Presentation of Technological
Methods Used in Teaching Patient Care in Nursing and Current
Research

Fatma Ozlem UNER
Figen ALP YILMAZ

Alanya Alaaddin Keykubat
University

Alanya Alaaddin Keykubat
University

Awareness-Based Interventions in Cancer: Global Trends and A
Thematic Analysis

Candan TERZIOGLU
Eda KES

Alanya Alaaddin Keykubat
University
Bartin University

Confidentiality, Therapeutic Relationship, and Sustainability in
Digital Psychiatry: a Current Literature Review

Bisra BAS
Raif ZILELI

Bilecik Seyh Edebali University
Bilecik Seyh Edebali University

A Review of Master’s Theses
in The Field of Life Kinematics in Turkiye?
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23.04.2026 / Online/ SESSION-4

Meeting ID: 996 9199 8848
Join Zoom Meeting

Ankara Local Tlme 14:00 - 16:00
HEAD OF SESSION : Prof.Dr. Tariq J. Al-Musawi

Affiliation Presentation Title

Mustafa Adnan Madlool
AI-BAKRY Al-Mustagbal University Digital Transformation in Management Methods: A Case Study of The
Abdulmahdi Raheem Al-Mustagbal University University of Babylon and Al-Mustaqgbal Private University
HAMZA
Qusay Rasheed Al-amir Al-Mustagbal University
Ali Bager Hussein Al-Mustagbal University
Hiba Mohsen abd Ali Al-Mustagbal University

Experimental Heat Transfer Study in Cylindrical System of Different
Arrangement Immersed in Porous Media

Psychological Pressures Causing School Dropout Among Female
Noor Ahmad Rasim Al-Mustagbal University Secondary School Students in Light of Sdg 4 (Quality Education)
Merve AYTAC Sileyman Demirel University
Leyla AKBULUT Alanya Alaaddin Keykubat University
Afsin GUNGOR Akdeniz University
Merve AYTAC Sileyman Demirel University

Leyla AKBULUT Alanya Alaaddin Keykubat University
Afsin GUNGOR Akdeniz University

From Infrastructure to Power Instrument: Digital Twin Technology
and the Transformation of Energy Diplomacy

Energy Storage Systems and State Security in Fragile States:
the Resilience—Vulnerability Paradox

Enhancing Smart Irrigation through Al: Comparative Analysis of
Classical Models and
ConvLSTM for Spatio-Temporal Soil Moisture Prediction
Structural Development and
Ali MAJDI Al-Mustagbal University Construction Practices of University Buildings: A Reflective Assessment
of Al-Mustagbal University (2010-2026)

Mazin Hadi KAZAR Al-Mustagbal University Sustainable Smart Sports Cities as an Innovative Solution To Combat
Climate Change And Enhance Energy Efficiency In Urban Environments
Qusay Rasheed AL-AMIR
Ali Ajmi FALEH
Salwan Obaid WAHEED
Khafaji
Mohammed M. OBEID

Dawood University of Engineering and

Eman ARIF Technology Karachi

Al-Mustagbal University
Al-Mustagbal University
Al-Mustagbal University
Al-Mustagbal University

From Nature to Lab: A
Sunflower-Inspired Solar Toolkit for Teaching Renewable Energy
Fundamentals through Applied Research Activities”
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23.04.2026 / Online,/ SESSION-5

Meeting ID: 972 3624 3137
Join Zoom Meeting

Ankara Local Time: 14:00 - 16:00

HEAD OF SESSION:Prof. Dr. Feyza Meryem Kara-Dr.Ogr.Uyesi Elvan Deniz Yumuk

Affiliation Presentation Title
Grzegorz KONIECZNY Witelon Collegium State University What Is New in Cryotherapy?

Magdalena BOJARSKA Sihis UnlverSInyqori;,:I\zalled SIS The Role of Social Media in Building an Athlete’s Image

Ertan ?EK!RQGLU Yeditepe University
Melis KEKULLUOGLU TAN Yedifepe Universify
Ayca YAGCIOGLU SUDOR Yeditepe University

Giler Aleyna YILDIRIM Yeditepe University
Irem KAYA CEBIOGLU Yeditepe University
Gézde DUMLU BILGIN Veditepe University

Rozelin BILMEZ Erzincan Binali Yildirim University N - .
Hilal SAHIN Srtnas (s YA Uiery Sustainability in Community Feeding Systems
Anil Cilem GELIK Alanya Alaaddin Keykubat University The Importance of Service
Salih ERDOGAN Alanya Alaaddin Keykubat University Quality and Accreditation in International Health Tourism

Hamdi Alper
GUNGORMUS
Feyza Meryem KARA
Elvan Deniz YUMUK
Onur CEYHAN
Hamdi Alper
GUNGORMUS
Feyza Meryem KARA
Elvan Deniz YUMUK
Onur CEYHAN

Emirhan YALCIN Alanya Alaaddin Keykubat University
Duran AKBAS Alanya Alaaddin Keykubat University A Bibliometric Analysis of Research on Racket Sports
Isik BAYRAKTAR Alanya Alaaddin Keykubat University

Utku DUMAN Alanya Alaaddin Keykubat University
Isik BAYRAKTAR Alanya Alaaddin Keykubat University

The Association of Dietary Intake, Nutrition Knowledge, and
Anthropometric Measurements with Sports Performance Among
Collegiate American Football Players

Alanya Alaaddin Keykubat University
Alanya Alaaddin Keykubat University
Alanya Alaaddin Keykubat University
Alanya Alaaddin Keykubat University

Predicting Psychological Flow
in Recreational Dart Participants: A Multidimensional Analysis of Leisure
Involvement

Alanya Alaaddin Keykubat University
Alanya Alaaddin Keykubat University
Alanya Alaaddin Keykubat University
Alanya Alaaddin Keykubat University

A Systematic Review of
Postgraduate Theses on Adventure Recreation in Turkiye: Trends,
Methodological Approaches, and Thematic Distribution

Bibliometric Analysis of Circadian Rhythm Research in Sports Science: An
Approach
Based on Web of Science Data




OPENING CEREMONY

INTERNATIONAL HEALTH SPORTS ENERGY ENVIRONMENTAL SUSTAINABILITY CONGRESS
Program April 23-25, 2026 Alanya (Tiirkiye)

April 24 2026 (Friday) Alev Alatli Conference Hall (Rectorate Building)

9:00-12:00 Arrival and Registration

Opening Remarks
11:00-11:10 Prof. Dr. Atif BAYRAMOGLU (Vice Rector)
Alanya Alaaddin Keykubat University, Alanya-Turkey

Prof. Dr. Kenan Ahmet TURKDOGAN (Rector)

11:10-11:2
0 Alanya Alaaddin Keykubat University, Alanya-Turkey
Keynote Speech |
11:20-11:40 Prof.Dr.Mary HOLZ-CLAUSE

Chancellor at the University of Minnesota Crookston, USA
Keynote Speech Il
11:40-12:00 Assist.Prof.Dr. Joanna KOCIECKA
Poznan University of Life Sciences, POLAND
Keynote Speech Il (Online)
12:00-12:20 Professor Dr. Mohammad ISMAIL
Noakhali Science and Technology University, BANGLADESH

12:20-12:30 Photo Session

12:30-13:30 LUNCH
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24.04.2026 / Face to face / SESSION-1 / Alev Alatl Conference Hall
Time: 13:30 - 15:30
HEAD OF SESSION: Prof. Dr. Ali Kemal ERENLER

Authors Affiliation Presentation Title

Ceren CALIK Kepez State Hospital

Ayfer YILMAZ
Doga TURKKAHRAMAN

Ke.pfez State Hospital . Current Approaches to Obesity Awareness in Children: A Literature
Antalya Training and Research Hospital
Ceren CALIK Kepez State Hospital
Seher TOPKAC Antalya Training and Research Hospital
Ozlem GOMEC Antalya Training and Research Hospital How Aware are Adolescents of Obesity?
Aysegil i$LER Akdeniz University
Doga TURKKAHRAMAN Antalya Training and Research Hospital

in Silico | tigati f Volatile C ds f Citrus Bl
Meryem UCKAYA Alanya Alaaddin Keykubat University in Silico Investigation of Volatile Compounds from Citrus Blossoms

T ting Serof: ic And D i ic R tors: Molecular Docki
Fatih UCKAYA Alanya Alaaddin Keykubat University argeting Serotonergic And Dopaminergic Receptors: Molecular Docking

and Admet Analysis

Emine Hilal YILDIRIM Alanya Alaaddin Keykubat University Toward Sustainable Physiotherapy: Clinical Utilty,

Limitati Future P ti f I
Ayca ARACI Alanya Alaaddin Keykubat University imitations, and Future Perspectives of Wearable

Technologies in Rehabilitation
Investigation of The

irem DOGUKAYA Alanya Alaaddin Keykubat University
ismail SARIKAN Alanya Alaaddin Keykubat University

Relationship Between Chronotype and Night Eating Syndrome, Fasting

Blood Glucose, and Hba1C in Patients With Type 2 Diabetes Mellitus

Ceren SARAHMAN
KAHRAMAN
Eda ERKMEN
Duygu AKIL

Alanya Alaaddin Keykubat University Do Yoga Practices Affect Yogis’ Level of Nutritional Knowledge and Their

RieTine e elin Koyl sei? UiV i Adherence to the Mediterranean Diet?

Alanya Alaaddin Keykubat University

The Integration of 3D Anatomy

Elif OZDEMIR Al Alaaddin Keykubat Universit
I anyasaaccin heykupal Jniversity Platforms and Al-Based Image Analysis Systems in the Digital

Seda ARSLAN Alanya Alaaddin Keykubat University P E
enaissance Era
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24.04.2026 / Face to Face / SESSION-2 / T3(Témer

Classroom)
Time: 13:30 - 15:30
HEAD OF SESSION: Prof. Dr. Osman GOKDOGAN

Durmus Ali AKILLI Alanya Alaaddin Keykubat University Analysis of Gazipasa lrrigation

Firat ARSLAN Alanya Alaaddin Keykubat University RELSES Usmgl::‘c;lizz Performance
i

Atilgan ATILGAN Alanya Alaaddin Keykubat University Possibilities of Using Tropical
Alper YENIALP Alanya Alaaddin Keykubat University Fruit Waste as Organic Mulch
Cansu KAHVECIOGLU Alanya Alaaddin Keykubat University Coffee (Coffea spp.) Production in
Firat ARSLAN Alanya Alaaddin Keykubat University the Gazipasa Ecosystem

Employee Perceptions of Green Logistics

Meltem AKCA Alanya Alaaddin Keykubat University Practices in Airports: Implications for
Sustainable Aviation
The Impact of Climate Change on The
Meltem AKCA Alanya Alaaddin Keykubat University Aviation Industry: An Analysis of The Current
Situation in Turkey
Between City and Countryside: Land Use
Change in The Suburban Zone — a case
Study From Poland

Karolina JOZEFOWICZ Poznan University of Life Sciences
Barbara KESICKA Poznan University of Life Sciences

Seda SARI Alanya Alaaddin Keykubat University
Fatma Hida TAN Alanya Alaaddin Keykubat University An Examination of Sufficiently Profitable
Burak SALTUK Alanya Alaaddin Keykubat University Agricultural Land Size: The Alanya Example
Firat ARSLAN Alanya Alaaddin Keykubat University

Derya Deniz §iRiNYILDIZ Alanya Alaaddin Keykubat University The Importance of Sustainable Food Systems

Osman GOKDOGAN Isparta University of Applied Science Agricultural Mechanization Level of Alanya
Cihan DEMIR Kirklareli University District of Turkiye
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24.04.2026 / Face to Face / SESSION-3 / Alev Alatl

Conference Hall
Local Time: 15:45 - 17:30

HEAD OF SESSION : Prof. Dr. Atif Bayramoglu

Rumeysa DIKICI Alanya Alaaddin Keykubat University C2-C3 Cross-Sectional Area

Funda ARIKAN Alanya Alaaddin Keykubat University . e L . -5
Ceyhun SAYMAN At Aleeahn [efuses Uiery) Morphological Evaluation; Biomarker Search in Multiple Sclerosis?

Baris ASLANOGLU 5 Alanya Alaaddin Keykubat University

Kadir Timugin TURGUTOGLU Alanya Alaaddin Keykubat University

Toprak HACIOGLU Alanya Alaaddin Keykubat University

Yalgin GUNEY Alanya Alaaddin Keykubat University Minimally Invasive Management of Pediatric T5 Vertebra Plana Due To

Hakan OZCELIK Alanya Alaaddin Keykubat University Langerhans Cell Histiocytosis: A Case Report

Miige Elif YASIN Alanya Alaaddin Keykubat University

Birol éZKAi. Alanya Alaaddin Keykubat University

Mehmet SECER Alanya Alaaddin Keykubat University

e
Derya OZ Alanya Alaaddin Keykubat University Studies on Football and Analytics Between 2006-2025
Evaluation of Attitudes and Clinical Outcomes Among Patients Admitting to a

Ismail SARIKAN Alanya Alaaddin Keykubat University Traditional and Complementary Medicine Center

" i L. Artificial Intelligence—Driven Digital Exercise in
Hisglel Sz naniataees ik e RUnEr Telerehabilitation: Clinical, Behavioral, and

Ayga ARACI Alanya Alaaddin Keykubat University Sustainability P »
ustainability Perspectives

Sinem GORAL TURKCU Pamukkale University . - . . . .
Elif ULUDAG Periele Uivay Psychosocial and Clinical Effects of Social Media in The Perinatal Period
Meltem UNSAL Alanya Alaaddin Keykubat University The Importance of Original Problem-Solving Skills in Family Medicine Core
Ismail SARIKAN Alanya Alaaddin Keykubat University Competencies: Leukemia at a Young Age — A Case Report

Aydin Adnan Menderes

iR University
Ferhat SIRINYILDIZ
PIRINY Alanya Alaaddin Keykubat
Derya Deniz SIRINYILDIZ il el ISt

- 3 University
Simge UNAY Usak University

Nuri TOPALOGLU Alanya Alaaddin Keykubat University Investigating the Impact of High-Intensity Kinematic Data on Goal Scoring in
Halil Orbay COBANOGLU Alanya Alaaddin Keykubat University Football

A Review on The Anticarcinogenic Activity of Edible Insects
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24.04.2026 / Face to Face /SESSION-4 /T3(Témer Classroom)
Time: 15:45 - 17:30

HEAD OF SESSION : Assist.Prof.Dr. Tugce COPUR

Affiliation Presentation Title

Sena Zeliha TASKAN Akdeniz University
Leyla AKBULUT Alanya Alaaddin Keykubat University

Mehmet BUCAKLI Akdeniz University

Ahmet COSGUN Akdeniz University

Global Research Trends on Sustainable Water
Management in Public Buildings

Afsin GUNGOR Akdeniz University

Sena Zeliha TASKAN Akdeniz University
Leyla AKBULUT Alanya Alaaddin Keykubat University | Technical and Economic Assessment of Renewable Energy
Mehmet BUCAKLI Akdeniz University And Sustainable Water Management Systems in Public
Ahmet COSGUN Akdeniz University Buildings Located in the Mediterranean Climate Zone
Afsin GUNGOR Akdeniz University

Eren KARATASLI Alanya Alaaddin Keykubat University | Environmental Sustainability in Airport Layout Planning: a
Tugce COPUR Alanya Alaaddin Keykubat University Case Study of Gazipasa-Alanya Airport

Girkan ORTAMEVZi | Alanya Alaaddin Keykubat University Safety of Transporting Hazardous Gases in Pressurized
Kubra Elcin KARAKUS | Alanya Alaaddin Keykubat University Cylinders
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SCIENTIFIC COMMITTEE

Prof.Dr. Aivars Aboltin
Latvia University of Life Sciences and Technologies, LATVIA

Prof. Dr. Atuf Bayramoglu
Alanya Alaaddin Keykubat University, TURKIYE

Prof.Dr.Roman Rolbiecki
Bydgoszcz University of Science and Technology, POLAND

Prof. Dr. Mehmet Atilla Askin
European University of Lefke, TRNC

Prof. Dr. Hasan Degirmenci
Kahramanmaras Siit¢ii Imam University, TURKIYE

Prof. Dr. Hamdi Alper GfJNGORMjJS
Alanya Alaaddin Keykubat University, TURKIYE

Prof. Dr. Ibrahim Erdal J
Isparta University of Applied Sciences, TURKIYE

Prof.Dr. Smagul Karazhanov
Institute for Energy Technology, NORWAY

Prof. Dr.Eglé Jotautiené
Vytautas Magnus University, LITHUANIA

Prof. Dr. Csaba Juhasz
University of Debrecen, HUNGARY

Prof.Dr. Mehmet Kili¢ )
Alanya Alaaddin Keykubat University, TURKIYE

Prof. Dr. Aldeniz Rashidov
Technical University of Gabrovo, BULGARIA

Prof. Dr. Kestutis Romaneckas
Vytautas Magnus University, LITHUANIA

Prof. Dr. Roknuzzaman Siddiky
Noakhali Science and Technology University, BANGLADESH

Prof. Dr. Mariusz Sojka
Poznan University of Life Sciences, POLAND

Prof. Dr. Adrien Szeles
University of Debrecen, HUNGARY
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Prof. Dr. Osman Gokdogan
Isparta University of Applied Sciences, TURKIYE

Prof. Dr. Razafindrabe John Bam
University of Antananarivo, MADAGASKAR

Prof. Dr. Randrianaly Hasina
University of Antananarivo, MADAGASKAR

Prof. Dr. Razafiarimanga Zara
University of Antananarivo, MADAGASKAR

Prof. Dr. Ahmed Rawdan Salman
Al-Mustagbal University, IRAQ

Assoc.Prof. Dr. Nermina Hadzigrahi¢
University of Tuzla, BOSNIA AND HERZEGOVINA

Assoc.Prof. Dr. Anna Baryla
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ABSTRACT

An abscess is an accumulation of pus in any part of the body that usually causes inflammation
and edema around it. Volatile oils having antibacterial activity against bacteria were used to
treat abscess infections. The third sustainable development goal (Good Health and Well-Being)
is aided by this study. 144 swabs from samples of clinical abscesses. S. aureus accounts for
72.3% of abscess isolates, whereas P. vulgaris, P. aeruginosae, and E. coli account for 27.7%
of Gram-negative isolates. Ofloxacin has a 50.0% sensitivity to S. aureus isolates followed by
amikacin and erythromycin. However, S. aureus isolates are completely resistant to
cefoperazone and penicillin. Significant difference was observed between MIC and MBC of
ofloxacin (p < 0.05). The most potent antibacterial activity was shown by peppermint oil,
followed by fennel oil. With a statistically high significant difference in MIC values (p <0.01),
peppermint demonstrated better antibacterial action than fennel. Clinical S. aureus isolates are
synergistically suppressed when peppermint oil and ofloxacin are combined, When paired with
peppermint oil MICs, both the ofloxacin MIC inhibition zone and the ofloxacin MIC inhibition
zone show significant modifications (p < 0.05). In an effort to prevent drug resistance and

suggest methods for the production of antibiotics in the future through structural clarity.

Keywords: Antibiotic resistance, abscess infections, Staphylococcus aureus, Volatile oils
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APSELI ENFEKSIYONLARDA COK ILACA DIRENCLI S. AUREUS'UN ARTAN
GORULME SIKLIGINI VE UCUCU YAGLARI OLASI EK TEDAVI OLARAK
DEGERLENDIRMEKTEDIR

OZET

Apse, viicudun herhangi bir yerinde irin birikmesi olup genellikle ¢cevresinde iltihap ve 6dem olusturur. Bakterilere
karg1 antibakteriyel aktiviteye sahip ucucu yaglar, apse enfeksiyonlarini tedavi etmek icin kullanilmistir. Bu
calisma, iigiincii siirdiiriilebilir kalkinma hedefine (Iyi Saglik ve Refah) katkida bulunmaktadir. Klinik apse
orneklerinden 144 siiriintii alinmistir. Apse izolatlarinin %72,3"'0 S. aureus iken, P. vulgaris, P. aeruginosa ve E.
coli Gram-negatif izolatlarin %27,7'sini olugturmaktadir. Ofloksasin, S. aureus izolatlarma %50,0 duyarliliga
sahiptir; bunu amikasin ve eritromisin izlemektedir. Ancak S. aureus izolatlar1 sefoperazon ve penisiline tamamen
direnclidir. Ofloxacin'in MiK ve MBK degerleri arasinda anlamli bir fark gdzlemlendi (p < 0,05). En giiclii
antibakteriyel aktivite nane yagi tarafindan gosterildi, ardindan rezene yagi geldi. MIC degerlerinde istatistiksel
olarak yiiksek anlamli bir farkla (p <0,01), nane yag1 rezene yagina gore daha iyi antibakteriyel etki gdsterdi.
Klinik S. aureus izolatlari, nane yag1 ve ofloksasin kombinasyonu ile sinerjik olarak baskilanmaktadir. Nane yag1
ile eslestirildiginde hem ofloksasin MIC inhibitdr zonu hem de ofloksasin MIC inhibitér zonu anlamli degisiklikler

gostermektedir (p < 0,05). Ilag direncini dnlemeye ve gelecekte antibiyotik iiretimi i¢in yapisal agiklik yoluyla

yontemler 6nermeye yonelik bir cabadir.

Anahtar kelimeler: Antibiyotik direnci, apseli enfeksiyonlar, Staphylococcus aureus, Ugucu yaglar

INTRODUCTION

In a few years, Alexander Fleming, who went back to his laboratory in London, will have
discovered penicillin. Antibiotics have since shown themselves to be quite beneficial for both
physical and emotional well-being. But along with the antibiotic era came a new issue called
antimicrobial resistance, which currently prevents the antibiotic era from reaching its full
centennial [1,2]. Second only to cardiovascular diseases, antibiotic-resistant bacteria are listed

by the World Health Organization as one of the top three dangers to global health [3].

The skin, the biggest organ in the human body, serves as the body's first line of defense against
illnesses caused by bacteria. It supplies a broad biological niche for a variety of microorganisms
and keeps foreign illnesses out of the body [4]. A microbial invasion of the skin layers and
underlying soft tissues is the hallmark of skin and soft tissue infections (SSTIs), a significant
cause of morbidity and mortality. The infections can range in intensity from mild to fatal, and
manifest as anything from simple cellulitis to abscesses, deep tissue necrosis, and necrotizing
fasciitis [5,6].
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Gram-positive and coagulase-negative bacteria, including Staphylococcus aureus and [3-
hemolytic streptococci, are the main causes of bacterial SSTIs. Additionally, non-fermentative
bacteria like Pseudomonas species and Acinetobacter bumaniin, as well as Gram-negative
Enterobacteriaceae and Staphylococcus species [6,7]. Bacterial skin infections have been linked
to necrotizing fasciitis, scarlet fever, erysipelas, erythrasma, abscesses, folliculitis, furunculosis,
and impetigo [8]. Pseudomonas aeruginosa, Enterobacteriaceae, S. aureus, and group A

streptococci are the Gram-negative bacteria most frequently linked to cellulitis [9,10].

Four types of antimicrobial resistance have been identified: microbial resistance, which can be
attributed to either genotypic or phenotypic factors; clinical resistance, which is thought to
develop when no response is observed even to higher treatment doses; cross-resistance, which
occurs when pathogens develop resistance to antibiotics known to have a similar mechanism of
action, such as strains resistant to both levofloxacin and ciprofloxacin; and, finally, parallel or

co-resistant S. aureus [11,12].

Misuse of antibiotics has resulted in antimicrobial resistance, which has avoided early deaths
and led to important discoveries for modern medicine [13]. Over 80% of people worldwide use
traditional medicine, according to the World Health Organization [14,15]. Many groups of
phytochemicals present in important medicinal plants have therapeutic qualities that can be
applied to treat recently identified human diseases [16]. Because the volatile molecules are
hydrophobic, they can pass through the lipids of the bacterial cell membrane, disrupting the
structure of the cell wall and increasing its permeability [17]. In an attempt to identify potential
supplements to conventional antibiotics that can aid in the fight against resistance, this study

aims to examine the antibacterial activity of particular volatile oils against bacterial isolates.
MATERIALS AND METHODS

144 clinical samples were supplied by the Iraqi Hilla General Teaching Hospital. The samples
were collected between June and November of 2025, and the patients' ages varied from 3 to 52.
In these investigations, samples from 64 female and 80 males were used. The size and shape of
the colony, whether it was mucoid or dry, opaque or transparent, the development of a
distinctive colony color or any change in the color of the agar, fermentation on MacConkey's
agar medium, and whether the isolate ferments lactose were all recorded after 144 swabs from

abscess were inoculated on blood agar and MacConkey agar.
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One technique for differentiating between Gram-positive and Gram-negative microorganisms
is Gram staining. After that, the dyed slides are examined under a microscope using an oil
immersion lens [18]. Bergey's Manual of Determinative Bacteriology [19], were used to
identify the bacteria. Biochemical tests for Gram negative bacteria included the Indole test,
Methyl red-Voges proskauer test, Triple Sugar Iron Agar test, citrate test, urease test, and
oxidase test; coagulase test, mannitol For Gram-positive cocci, the novobiocin susceptibility

test and salt agar were used.

The isolated bacteria's antibiotic sensitivity was evaluated using disc diffusion in compliance
with the NCCLS antimicrobial disc susceptibility test criteria [20]. To reduce the turbidity to
0.5 McFerland standard salin, the single colony from each isolated strain should be cultivated
for 24 hours at 37°C in 5 mL of sterile nutritive broth. One or two Muller Hinton agar plates
with antibiotic discs attached at regular intervals received a broth inocula for each strain using
sterile swabs. Antibiotics used in the experiment included cefoperazone (CFP) (75ng),
amikacin (AK) (30pg), ampicillin (AM) (10pg), erythromycin (E) (15pg), ofloxacin (OFX)
(5ung), and penicillin (P) (10ung). Plates were incubated at 37°C for 24 hours while inhibitory
zone diameters and discs were measured in order to achieve complete growth inhibition that

was evident to the unaided eye [21].

By modifying the dilution procedure, the MIC and MBC were determined. Ofloxacin was
diluted in test tubes at 500, 250, 125, 62.5, and 31.25 pg/ml using sterile nourishing broth. Test
tubes containing 1 ml of the different ofloxacin dosages in nutritive broth were inoculated with
a loopful (10 pl) of bacterial isolates culture, 0.5 McFarland standard [22], using a standard
wire loop (Merck). After an incubation period of 18 to 24 hours at 37°C, the tubes were checked
for growth or turbidity. A loopful of broth from each test tube that did not exhibit any growth

was then added to a nutritious agar plate as an inoculant.

Five prepared essential oils from medical plants, eucalyptus, chamomile, marjoram, fennel, and
spearmint were obtained from the Sekem group company in Egypt. They were made by steam
distillation and stored in the dark at 4°C until being used. Tween 80 drops were added to
concentrated oils, and by changing the dilution procedure, the MIC was determined. Peppermint
and fennel oil were diluted at 100, 75, 50, 25, and 12.5% (v/v) in test tubes using sterile

nourishing broth.
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The criteria for inclusion and exclusion. Among the patient types were those who had abscess

infections. Those who did not have these infections were excluded.

The data was analyzed using an IBM (PC/AL) compatible computer and the statistical analysis
toolkit Initiate program, version 3.03 (Graph Pad, USA). P<0.05 signifies significance, P<0.01
indicates high significance, while P>0.05 indicates non-significance. The following shows the

probability level that corresponds to the different levels of statistical significance.

RESULTS AND DISCUSSION
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Figure 1. The distribution of pathogenic bacterial isolates

Samples of abscesses were taken from males and females of various ages. There were 64
females and 80 males, ages 3 to 50 and 5 to 52, respectively. The vast majority of isolated
bacteria are gram-positive bacteria. While P. vulgaris, P. aeruginosae, and E. coli comprise
27.7% of the Gram-negative isolates, S. aureus accounts for 72.3% of the isolates, as illustrated

in (Figure 1).

An collection of pus in any area of the body that typically results in edema and inflammation is
called an abscess. Abscesses are frequently palpable. An abscess is a sensitive, easily

compressed mass that is typically encircled by a pink or deep red region [23].

Gram-positive cocci were responsible for 65.4% of the bacterial infections in this investigation,

whereas Gram-negative bacilli accounted for 34.5% [24]. In another study, 26 (83.87%) of the
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bacterial infections were Gram-positive, while 16.13 percent were Gram-negative [25]. In line
with earlier research, the results demonstrated that Staphylococcus aureus was the most

prevalent genus, accounting for a sizable percentage (35.5%) of S. aureus [26].

Table 1. S. aureus sensitivity to various antibiotics is tested

Sensitive isolates | Intermediate isolates | Resistance isolates

Tested antibiotics No. % No. % No. %
Ofloxacin (OFX) 72 50.0 12 8.4 60 41.6
Amikacin (AK) 58 40.3 28 19.4 58 40.3
Erythromycin (E) 44 30.5 16 11.1 92 58.4
Ampicillin (AM) 18 12.5 0 0.0 126 87.5
Cefoperazone (CFP) 0 0.0 0 0.0 144 100.0
Penicillin (P) 0 0.0 0 0.0 144 100.0

Amikacin and erythromycin are the next most sensitive drugs against S. aureus isolates, with
ofloxacin having a sensitivity of 50%. Isolates of S. aureus are completely resistant to

cefoperazone, and penicillin, as illustrated in (Table 1).

Cefoperazone and penicillin are the drugs to which all pathogenic S. aureus are resistant,
followed by erythromycin (70.18%), ampicillin (91.23%), chloramphenicol (43.86%), and
amikacin (15.79%). A number of multidrug-resistant isolates of Citrobacter freundii, E. coli,
K. pneumoniae, and S. aureus were resistant to twelve distinct antimicrobials. Of the 188
S. aureus isolates, 92 (18.9%) were resistant to erythromycin; the most resistant strains were

ampicillin and penicillin G (86.7%) and cefotaxime (77.1%) [27].

Table 2. MICs and MBCs of ofloxacin antibiotic against S. aureus isolates

Bacterial isolates No. (MIC) (MBC)
(ng /ml) (g /ml)
S. aureus 4 31.25 62.5
S. aureus 10 31.25 62.5
S. aureus 18 125 250
S. aureus 36 62.5 125
S. aureus 47 500 500
S. aureus 64 62.5 62.5
S. aureus 72 31.25 31.25
S. aureus 90 31.25 62.5
S. aureus 111 125 250
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S. aureus 123 125 250
112.5 165.63
SD 142.2 147.4
t 3.16
P 0.011

MBC/MIC ratios < 2 were found in all examined samples, suggesting a potent bactericidal
action. The antimicrobial agent had a very strong killing activity in multiple instances where
MBC and MIC were equal. Overall, these findings demonstrate that the tested substance has
reliable and potent bactericidal qualities against every isolate that was investigated, significant
difference was observed between MIC and MBC of ofloxacin (p<0.05), as illustrated in (Table
2).

Table 3. Different essential oils' diameter of inhibitory zone (mm) against S. aureus isolates

Diameter of inhibition zones (mm)
Bacterial isolates | No. % £ é g = g

=g |5 |&|g |E

S 1218 | |2 |28

|0 |& |2 2
S. aureus 4 14 ,0 15 12 12 | 10
S. aureus 10 11 0 15 10 15 | 15
S. aureus 18 13 8 20 12 11 | 12
S. aureus 36 12 10 13 13 15 | 10
S. aureus 47 9 0 20 11 15 9
S. aureus 64 10 0 15 11 13 | 15
S. aureus 72 0 0 19 8 12 | 13
S. aureus 90 9 10 12 12 14 | 10
S. aureus 111 9 0 15 10 15 9
S. aureus 123 10 11 15 13 14 | 10

Peppermint oil displayed the strongest antibacterial activity, followed by fennel oil. Spearmint
and marjoram showed intermediate effects, while eucalyptus demonstrated lesser activity.

Chamomile showed the weakest antimicrobial impact among all tested oils, as illustrated in

(Table 3).

The antibacterial properties and chemical composition of essential oils extracted from the areal
portions of Mentha piperita L. According to these authors' research findings, the essential oil
had the strongest antibacterial effectiveness against microbes. Additionally, the disc-diffusion
method revealed that Staphylococcus aureus (42.44 + 0.10 mm), Micrococcus flavus (40.01 £

0.10 mm), Bacillus subtilis (38.18 = 0.11 mm), Staphylococcus epidermidis (35.14 = 0.08 mm),
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and Salmonella enteritidis (30.12 = 0.12 mm) demonstrated good inhibition zones against
Mentha piperita [28]. Eleven bacterial and four fungal clinical isolates were used to evaluate
the antibacterial activity of essential oils from mint species. With a maximum zone of inhibition
of 21 £ 0.09 mm for Mentha spicata and 19.2 + 0.07 mm for Mentha piperita, both essential

oils demonstrated maximum efficacy against S. aureus [29].

Table 4. MICs of peppermint and fennel against S. aureus isolates

Peppermint Fennel
Bacterial isolates No. (MIC) (MIC)
(% v/v) (% viv)
S. aureus 4 50 75
S. aureus 10 25 25
S. aureus 18 50 100
S. aureus 36 50 50
S. aureus 47 12.5 50
S. aureus 64 50 50
S. aureus 72 12.5 50
S. aureus 90 12.5 100
S. aureus 111 50 75
S. aureus 123 25 50
Y 33.75 62.5
SD 17.7 24.3
t 3.02
P 0.007

Peppermint demonstrated superior inhibitory activity, suggesting its potential as a more
effective antimicrobial agent; the difference in MIC values between peppermint and fennel was

found to be highly statistically significant (p < 0.01), as illustrated in (Table 4).

Peppermint oil's MIC and MLC values fell between 0.125-1 and 0.125- > 64 pl/ml, respectively.
Gram positive bacteria had MIC and MLC values of 0.25-1 and 0.5->64 pl/ml, respectively.
B. cereus was inhibited by the peppermint oil (MIC, MLC = 0.25, > 64 pl/ml). Compared to the
other Gram-positive bacteria, peppermint oil had higher MLC values against E. faecalis and E.
faecium. S. mutans, S. typhimurium, P. aeruginosa, Sh. flexeneri, Sh. dysenteriae, C. albicans,
and 4. parasiticus were all susceptible to the oil's bactericidal effects [30]. The most sensitive
microbe to peppermint oil was Candida albicans (MIC = 0.312 mg/ml), followed by S.
epidermidis (MIC = 0.625 mg/ml), B. cereus, S. thyphimurium, E. aerugenes, S. aureus, and E.
coli (MIC = 1.25 mg/ml) [31].

30



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

Table 5. The diameter of the inhibitory zone (mm) created by combining the MICs of
peppermint and ofloxacin

. Combination
Ofloxacin Peppe.r mint between
o 1 Serial oil ofloxacin and
Bacterial isolates MICs . .
No. MICs peppermint oil
MICs
pug/ml | 1Z (% v/v) 17
S. aureus 4 31.25 16 50 12
S. aureus 10 31.25 8 25 14
S. aureus 18 125 10 50 0
S. aureus 36 62.5 12 50 8
S. aureus 47 500 10 12.5 0
S. aureus 64 62.5 10 50 0
S. aureus 72 31.25 12 12.5 16
S. aureus 90 31.25 15 12.5 0
S. aureus 111 125 10 50 15
S. aureus 123 125 15 25 0
X 1125 | 11.8 33.75 6.5
SD 142.2 2.7 17.7 6.9
t 2.18
P 0.04

[Z= inhibition zone

Peppermint oil and ofloxacin were found to work in concert against S. aureus numbers 10, 72,
and 111. However, the antagonistic activity against S. aureus numbers 4, 18, 36, 47, 64, 90, and
123 was amply demonstrated by the combination of ofloxacin and peppermint oil. Both the
ofloxacin MIC inhibition zone and the ofloxacin MIC inhibition zone when combined with
peppermint oil MICs exhibit significant changes (p < 0.05), as shown in (Table 5).

One study uses the Kirby & Bauer method to assess the synergistic efficacy of peppermint with
thirteen antibiotics against S. aureus. Vancomycin, penicillin, cefoxitin, cotrimoxazol, and
ofloxacin did not display synergistic effects, however tetracyclin, chloramphenicol, netilmicin,

erythromycin, gentamycin, and oxacillin did [32].
CONCLUSION

Since S. aureus inevitably develops antibiotic resistance, efforts have been made to identify
natural and safe substitutes. Volatile oils have been utilized to boost the efficacy of antibiotics
and eliminate dangerous germs that are resistant to drugs by including these organic
components. Clinically resistant bacterial isolates were affected by peppermint and fennel oils.

Combining ofloxacin MIC with peppermint volatile oil has synergistic effects. Thus, the
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biological activity that prevents bacterial growth in the aforementioned plants could be used as

a starting point for the creation of new antibiotics in the future with further structural

clarification.

ACKNOWLEDGEMENT

The authors would like to thank [Dr Ayad Abdelsalam Ayad] for their support during this study.

No external funding was received for this research.

REFERENCES

10.

1.

12.

. Rahman, M. and Sarker, S.D. (2020) ‘Antimicrobial natural products’, in Sarker, S. and

Nahar, L. (eds.) Medicinal Natural Products: A Disease-Focused Approach. Academic
Press/Elsevier, pp. 77-113.

De Oliveira, D.M.P., Forde, B.M., Kidd, T.J., Harris, PN.A., Schembri, M.A., Beatson, S.A.
et al. (2020) ‘Antimicrobial resistance in ESKAPE pathogens’, Clinical Microbiology
Reviews, 33, e00181-19.

Read, A.F. and Woods, R.J. (2014) ‘Antibiotic resistance management’, Evolution,
Medicine and Public Health, 2014, p. 147. do1:10.1093/emph/eou024.

Ibrahim, F., Khan, T. and Pujalte, G.G. (2015) ‘Bacterial skin infections’, Primary Care,
42(4), pp. 485-499. doi:10.1016/j.pop.2015.08.001.

Esposito, S., Bassetti, M., Bonnet, E., Bouza, E., Chan, M., De Simone, G. et al. (2016)
‘Hot topics in the diagnosis and management of skin and soft-tissue infections’,
International ~ Journal of  Antimicrobial  Agents, 48(1),  pp. 19-26.
doi:10.1016/j.1jjantimicag.2016.04.011.

Allaw, F., Zakhour, J. and Kanj, S.S. (2023) ‘Community-acquired skin and soft-tissue
infections in people who inject drugs’, Current Opinion in Infectious Diseases, 36(2), pp.
67-73. doi:10.1097/QC0O.0000000000000902.

Ramirez, M.S., Bonomo, R.A. and Tolmasky, M.E. (2020) ‘Carbapenemases: transforming
Acinetobacter baumannii into a yet more dangerous menace’, Biomolecules, 10(5), p. 720.
do0i:10.3390/biom10050720.

Al-Kahfaji, M.H.A.M. (2022) ‘Human skin infection: a review study’, Biomedical and
Chemical Sciences, 1(4), pp. 254-258. doi1:10.48112/bcs.v114.259.

Joseph, J., Karolia, R., Sharma, S., Choudhary, H. and Naik, M.N. (2022) ‘Microbiological
profile and antibiotic susceptibility trends in orbital cellulitis in India: analysis over 15
years’, Orbit, 41(6), pp. 726—732. doi:10.1080/01676830.2021.2002368.

Sari, L.G.M.P., Fatmawati, N.N.D., Praharsini, [.G.A.A. and Giantoro, M. (2022)
‘Colonization of Citrobacter koseri and Streptococcus agalactiae in cellulitis’, Intisari Sains
Medis, 13(2), pp. 426-430. doi:10.15562/ism.v13i2.1326.

Shah, P. (2005) ‘The need for new therapeutic agents: what is in the pipeline?’, Clinical
Microbiology and Infection, 11(Suppl. 3), pp. 36-42. doi:10.1111/5.1469-
0691.2005.01141.x.

Ayala-Zavala, J.F., Ibrahim, S.A., Yang, T., Imam, M.S., El-Tarabily, K.A., El-Saadony,
M.T. et al. (2022) ‘Medicinal plants as alternative antimicrobial agents to combat multi-
drug resistant pathogens: a review’, Frontiers in Microbiology, 13, p. 998425.
doi:10.3389/fmicb.2022.998425.

32



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

SUSTAINABILITY — 23-25 APRIL 2026

Friedman, N.D., Temkin, E. and Carmeli, Y. (2016) ‘The negative impact of antibiotic
resistance’,  Clinical ~ Microbiology and  Infection, 22(5), pp. 416-422.
doi:10.1016/j.cmi.2015.12.002.

Khanna, S., Gupta, S.R. and Grover, J.K. (1986) ‘Effect of long term feeding of Ocimum
sanctum on reproductive performance of adult albino rats’, Indian Journal of Experimental
Biology, 24(5), pp. 302-304.

Magbool, M., Dar, M.A., Gani, 1., Mir, S.A. and Khan, M. (2019) ‘Herbal medicines as an
alternative source of therapy: a review’, World Journal of Pharmacy and Pharmaceutical
Sciences, 3(2), pp. 374-380.

Abbas, A.A., Assikong, E.B., Akeh, M., Upla, P. and Tuluma, T. (2017) ‘Antimicrobial
activity of coconut oil and its derivative (lauric acid) on some selected clinical isolates’,
International Journal of Medical Science and Clinical Invention, 4(8), pp. 3173-3177.
doi:10.18535/ijmsci/v4i8.12.

Cosentino, S., Tuberoso, C.I.G., Pisano, B., Satta, M., Mascia, V., Arzedi, E. and Palmas, F.
(1999) ‘In vitro antimicrobial activity and chemical composition of Sardinian Thymus
essential oils’, Letters in Applied Microbiology, 29, pp. 130-135. doi:10.1046/.1472-
765X.1999.00605.x.

Chauhan, A., Garg, S., Ranjan, A. et al. (2018) ‘Prevalence of microbial contamination of
mobile cell phones in general population of Delhi, India’, Journal of Experimental and
Clinical Microbiology, 1(1), pp. 12—-15.

Holt, J.G., Krieg, N.R., Sneath, P.H.A., Staley, J.T., Williams, S.T. and Hensyl, W.R. (1994)
Bergey’s Manual of Determinative Bacteriology.

Wayne, P.A. (2002) Performance standards for antimicrobial disc susceptibility testing.
National Committee for Clinical Laboratory Standards, 12, pp. 1-53.

Well, B. and Stood, R.J. (1989) ‘The genus Shigella’, in Bergey’s Manual of Systematic
Bacteriology. 8th edn. Hong Kong: Wilkins, pp. 423-427.

EUCAST (2003) ‘Determination of minimum inhibitory concentrations (MICs) of
antibacterial agents by broth dilution’, Clinical Microbiology and Infection, 6(9), pp. 509—
515.

Nayak, J., Mishra, J.N. and Verma, N.K. (2021) ‘A brief study on abscess: a review’, EAS
Journal of Pharmacy and Pharmacology, 3(9), pp- 138-143.
doi:10.36349/easjpp.2021.v03i05.005.

Ahmed, F., Bassyouni, R. and Zedan, Y. (2020) ‘Bacteriological profile of bacteria isolated
from skin and soft tissue infections’, Fayoum University Medical Journal, 7(1), pp. 41-51.
doi:10.21608/fum;.2020.174345.

Al-Salami, R.B., Al-Tamimi, W.H. and Mukhaifi, E.A. (2024) ‘Bacteriological profiles of
multidrug resistance bacteria isolated from skin and soft tissue infections’, Asian Journal of
Biology. doi:10.9734/aj0b/2024/v20112461.

Mohanty, A., Mohapatra, K. and Pal, B. (2018) ‘Isolation of Staphylococcus aureus from
skin and soft tissue infections’, Journal of Pure and Applied Microbiology, 12, pp. 419-424.
Almuhayawi, M.S., Alruhaili, M.H., Gattan, H.S., Alharbi, M.T., Nagshabandi, M. and Al
Jaouni, S. et al. (2023) ‘Staphylococcus aureus wound infections and antimicrobial
resistance’, Infection and Drug Resistance, pp. 5335-5346. doi:10.2147/IDR.S418681.
Desam, N.R., Al-Rajab, A.J., Sharma, M., Mary Moses, M., Reddy, G.R. and Albratty, M.
(2017) ‘Chemical constituents and antimicrobial activity of Mentha piperita essential oils’,
Journal of King Saud  University -  Science, 31, pp. 528-533.
doi:10.1016/j.jksus.2017.07.013.

33



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL

29.

30.

31.

32.

SUSTAINABILITY — 23-25 APRIL 2026

Tkachenko, H. et al. (2023) ‘Antibacterial properties of commercial peppermint essential
oil’, Agrarian Bulletin of the Black Sea Region, (109), pp. 27-36.

Mahboubi, M. and Kazempour, N. (2014) ‘Chemical composition and antimicrobial activity
of peppermint (Mentha piperita L.) essential oil’, Songklanakarin Journal of Science and
Technology, 36(1), pp. 83—87.

Iscan, G., Kirimer, N., Kurkcuoglu, M., Baser, K.H.C. and Demirci, F. (2002)
‘Antimicrobial screening of Mentha piperita essential oils’, Journal of Agricultural and
Food Chemistry, 50(14), pp. 3943-3946.

Betoni, J.E.C., Mantovani, R.P., Barbosa, L.N., Di Stasi, L.C. and Fernandes, A. (2006)
‘Synergism between plant extract and antimicrobial drugs against Staphylococcus aureus’,
Memodrias do Instituto Oswaldo Cruz, 101(4), pp. 387-390.

34



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

ANALYSIS OF GAZIPASA IRRIGATION SCHEME USING FAO-RAP
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ABSTRACT
Water is an indispensable resource for life. While the uses of water vary globally, approximately
70% is used in agriculture. In Tiirkiye, water user associations manage the majority of water
consumed in the agricultural sector. Therefore, monitoring and evaluation of irrigation networks

are becoming increasingly important in light of climate change and drought.

Gazipasa, due to its subtropical climate, is one of the important centers for agriculture. In this
district, where population density has increased due to tourism, the newly opened airport,
earthquakes in Tiirkiye, and wars in the region have also increased water demand. This study
aims to evaluate the performance of the Gazipasa Irrigation Scheme, which is affiliated with
the Eastern Antalya Irrigation Association operating in Gazipasa district, using External
Indicators from the Rapid Assessment Procedure (RAP) of the Food and Agriculture
Organization of the United Nations (FAO). The Gazipasa Irrigation Network has a total
irrigation area of 1400 hectares, and its water sources are Korubasi Stream, Bigkict Stream,
Hasdere Creek, and groundwater wells. The water transmission system consists of open
channels. Approximately 60% of irrigated areas use drip irrigation, and nearly 20% use
sprinkler irrigation. In the irrigation network, where the irrigation rate is approximately 40%,
sufficient rainfall and lack of water demand are reported as the leading reasons for the
unirrigated areas. The value of production per unit area has increased with the increase in
tropical fruit production, but the amount of irrigation water distributed per unit area has

decreased.

Keywords: FAO-RAP, Gazipasa, Irrigation modernization
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FAO SULAMA PERFORMANS GOSTERGELERI ILE GAZIPASA SULAMA
ALANLARININ ANALIZI

OZET

Su, canli yagsami i¢in vazgegilmez bir kaynaktir. Diinyada suyun kullanim alanlar1 degismekle
birlikte, yaklasik %70’1 tarimda kullanilmaktadir. Tiirkiye’de tarim sektoriinde tiiketilen suyun
biiyiik cogunlugunu sulama birlikleri yonetmektedir. Bu nedenle, sulama sebekelerinin
izlemedegerlendirmesi iklim degisikligi ve kuraklikla birlikte 6nemini artirmaktadir.
Gazipasa, subtropik iklim nedeniyle tarim agisindan 6nemli merkezlerden biridir. Turizm
hareketliligi, yeni agilan havalimani, Tirkiye'de meydana gelen depremler ve Tiirkiye'ye yakin
cografyada meydana gelen savaglar nedeniyle niifus yogunlugu artmis olan ilgede, su ve gida
tilketimiyle su ihtiyaci artmistir. Bu calismada, Gazipasa il¢esinde faaliyet gdsteren Dogu
Antalya Sulama Birligi’'ne bagli Gazipasa Sulama Sebekesi performansinin Diinya Gida ve
Tarim Orgiitii (Food and Agriculture Organization of the United Nations-FAO) kriterlerinden Hizh
Degerlendirme Prosediirii (RAP)’de bulunan Digsal Gostergeler (External Indicators) ile
degerlendirilmesi amaglanmistir. Gazipasa Sulama Sebekesi toplam 1400 ha sulama alanina
sahip olup su kaynaklarini1 Korubas1 Deresi, Bigkic1 Deresi, Hasdere Cay1 ve yeralti su kuyular
olusturmaktadir. Su iletim sistemi ise a¢ik kanallardan olusmaktadir. Sulanan alanlarda yaklasik
%60 damla, %20’ye yakini ise yagmurlama yoOntemleri ile sulanmaktadir. Sulama oram
yaklasik %40 olan sulama sebekesinde yagislarin yeterli goriilmesi ve su talebinin olmamasi
sulanmayan alanlarin 6nde gelen nedenleri olarak raporlanmistir. Birim alandan elde edilen iiretim
degeri tropik meyve iiretiminin artmasi ile artmis ancak birim alana dagitilan sulama suyu miktari

azalmstir.

Anahtar Kelimeler: FAO-RAP, Gazipasa, Sulama modernizasyonu
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ABSTRACT

Increasing population and modern lifestyles have intensified ecological problems through climate change, leading
to the depletion of natural resources. In addition, the rising consumption of processed and animal-based foods has
worsened both health and environmental conditions. Global challenges such as rapid population growth, global
warming, biodiversity loss, and limited energy and water resources threaten future generations. In response,
regulating dietary habits in line with sustainable development goals has become an important strategy. Within this
framework, the concept of “sustainable nutrition” has emerged. Sustainable nutrition is a holistic approach that
aims to minimize environmental impacts across all stages of the food system, including production, processing,
packaging, distribution, storage, and consumption. Access to healthy and sustainable food is a fundamental human
right and is essential for public health, quality of life, and economic well-being. Therefore, ensuring continuous
access to safe and healthy food depends on the effectiveness of sustainable food systems that integrate
environmental, economic, and social dimensions. In these systems, both nutritional quality and the environmental
impact of food services must be considered. Community Feeding Systems (CFS), such as schools, hospitals, and
nursing homes, play a key role in promoting environmental sustainability due to their large-scale food service
operations. Food produced through sustainable methods contributes to ecosystem protection, biodiversity
conservation, and food security. Key strategies in this context include waste reduction, energy efficiency, recycling,
holistic waste management, sustainable menu planning, and stakeholder education. This review examines
sustainable nutrition practices in food catering systems, focusing on approaches that reduce environmental impacts.
It also compares the ecological impacts of food and evaluates waste management and environmentally friendly
practices in catering services. Overall, this study aims to contribute to the improvement and restructuring of
sustainable food catering systems in response to the growing climate crisis and natural resource depletion.

Keywords: Climate change, sustainable food systems, nutritional system transformation, natural resource scarcity,
environmental sustainability.
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TOPLU BESLENME SISTEMLERINDE SURDURULEBILIRLIK
OZET

Artan niifus ve modern yasam bicimleri, iklim degisikligi ile ekolojik sorunlar1 derinlestirerek dogal kaynaklarin
azalmasina yol agmis; hazir ve hayvansal gida tiiketiminin artig1 hem saglik sorunlarini hem de ¢evresel sorunlari
artirmigtir. Gelecek nesiller igin tehdit olusturan hizli niifus artigi, kiiresel 1sinma, azalan biyogesitlilik ile sinirl
enerji ve su kaynaklariyla miicadelede siirdiiriilebilir kalkinma hedefleri dogrultusunda beslenme aligkanliklarimin
diizenlenmesi Onemli bir strateji olarak One ¢ikmis ve bu kapsamda “siirdiiriilebilir beslenme” kavrami
gelistirilmigtir. Siirdiiriilebilir beslenme, besinlerin {iretiminden tiilketimine kadar olan siirecte; ambalajlama,
isleme, dagitim, depolama ve ulagim gibi tiim asamalarda ¢evresel etkileri en aza indirgemeyi hedefleyen biitiinciil
bir yaklagimdir. Saglikli ve siirdiiriilebilir beslenmeye erigim, evrensel bir insan hakki olup, yasam kalitesi,
toplumsal saglik ve ekonomik refah acisindan 6nemlidir. Bu nedenle bireylerin saglikli besinlere siirekli ve giivenli
erigimi, ¢evresel, ekonomik ve sosyal boyutlart kapsayan siirdiiriilebilir besin sistemlerinin etkinligine baglidir. Bu
sistemlerde yalnizca saglik ve hijyen degil, meniilerin ¢evresel etkileri de degerlendirilmelidir. Okul, hastane ve
huzurevi gibi Toplu Beslenme Sistemleri (TBS) genis kitlelere hizmet vermeleri nedeniyle c¢evresel
siirdiiriilebilirlik uygulamalarinda kritik bir rol istlenmektedir. Siirdiiriilebilir iiretimle elde edilen besinler,
ekosistem ve biyolojik gesitliligin korunmasina katki saglamakta ve besin giivencesini desteklemektedir. Bu
kapsamda israfin azaltilmast, enerji verimliligi, geri doniisiim ve biitiinciil atik yonetimi, ekolojik ayak izine uygun
menii planlamasi ve paydaslarin egitimi temel stratejiler arasinda yer almaktadir. Bu derlemenin temel amaci, TBS
baglaminda siirdiiriilebilir beslenme uygulamalarini inceleyerek, cevresel etkileri en aza indiren stratejilere
odaklanmaktir. Bu kapsamda besinlerin ekolojik etkileri karsilastiriimakta; atik yonetimi, gida israfinin azaltilmast
ve ¢evre dostu uygulamalarin toplu yemek hizmetlerine entegrasyonu degerlendirilmektedir. Bu derleme artan
iklim krizi ve dogal kaynaklarin tilkenmesi karsisinda, beslenme sistemlerinin siirdiiriilebilirliginin yeniden
yapilandirilmasina katki saglamay1 hedeflemektedir.

Anahtar kelimeler: iklim degisikligi, siirdiiriilebilir gida sistemleri, beslenme sistemleri doniisiimii, dogal kaynak
kithgi, cevresel siirdiiriilebilirlik.

GIRIS

Saglikl ve stirdiiriilebilir beslenmeye erisim, evrensel bir insan hakki olarak kabul edilmekte
olup, bireylerin yasam kalitesi, toplumsal saglik diizeyi, ekonomik kalkinma ve genel refahin
saglanmasinda temel bir rol oynamaktadir. Bu ¢ercevede, bireylerin saglikli besinlere siirekli
ve giivenli bi¢imde ulasabilmesi, yalnizca saglik politikalarinin degil, ayn1 zamanda g¢evresel,
ekonomik ve sosyal boyutlar1 iceren siirdiiriilebilir gida sistemlerinin etkinliine baglidir
(Pekcan, 2024). Giiniimiizde yasam kosullarindaki degisim, bireylerin beslenme aligkanliklarini
etkilemis; hazir ve hayvansal kaynakli gidalarin tiiketimi artarken, geleneksel diyetler geri
planda kalmistir. Bu durum, beslenmeye bagli hastaliklarin artmasina ve ¢evresel sorunlara yol

acmaktadir. Arastirmalar, insan kaynakli sera gazi emisyonlarinin iigte birinin beslenme ve gida
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iretimiyle iligkili oldugunu gostermektedir. Bu baglamda, ¢evresel etkileri azaltan diyetlerin
benimsenmesi dnem kazanmaktadir. FAQO, siirdiiriilebilir diyetleri; besin giivenligini saglayan,
cevreye duyarli ve kusaklar arasi saglikli yasami destekleyen beslenme bigimleri olarak

tanimlamaktadir (Madali ve ark., 2021).

Stirdiirtilebilir iiretim sistemleriyle elde edilen gidalarin, ¢evresel etkileri azaltarak ekosistem
ve biyolojik ¢esitliligin korunmasina katki sagladigi, ayn1 zamanda mevcut ve gelecek nesiller
icin besin giivencesi sundugu belirtilmektedir. Toplu Beslenme Sistemleri (TBS), giderek daha
fazla bireye hizmet sunmalar1 nedeniyle c¢evresel siirdiiriilebilirlik agisindan 6nemli bir rol
iistlenmektedir. Bu baglamda, gida israfinin azaltilmasi hem ¢evresel hem de ekonomik agidan
strdiirtilebilirlige katki saglayan temel bir stratejidir. Atik olusumunu kaynaginda 6nlemeye
yonelik uygulamalar, biitiinciil atik yonetiminin en 6ncelikli adimlar1 arasinda yer almaktadir.
TBS kapsaminda siirdiirtilebilirligin saglanmasi i¢in; enerji verimliligi, ambalaj atiklarinin geri
doniistiiriilmesi, ekolojik ayak izine gdre menii planlamasi, tiiketici memnuniyeti odakli hizmet
kalitesi, kalite giivence sistemlerinin yapilandirilmasi ve ¢evre dostu temizlik uygulamalari gibi
unsurlar dikkate alinmalidir. Ayrica, tim paydaslarin stirekli egitimi, siirdiiriilebilir yemek
hizmetlerinin gelistirilmesinde kritik bir faktor olarak one ¢ikmaktadir. Bu ¢ercevede, yemek
hizmeti sektoriiniin ¢evresel etkilerini azaltmaya yonelik stratejik yaklasimlar bu boliimde

kapsamli sekilde ele alinmistir (Ongan ve Songiir Bozdag, 2024).

Tiirkiye'de bir iiniversite yemekhane meniisii lizerine yapilan bir arastirmada, hayvansal
kaynakli gidalarin yogun olarak kullanildig:1 yemeklerin, diger yemeklere kiyasla daha fazla
karbon ve su ayak izine sahip oldugu ortaya konmustur (Tas Ozdemir, 2020). Ankara’da bir
devlet dairesinde diizenlenen bir yillik meniiniin; en yiiksek sera gazi emisyon diizeyinin
ilkbahar mevsiminde verilen menii (227.5 CO2 esdegeri/ kg) oldugu, en diisiik meniiniin ise kis
mevsiminde (178.9 CO2 esdegeri/kg) oldugu ve tek 6giin verilen bu kurumda yillik ortalama
su ayak 1zi degerinin 644.97 m3/ton oldugu belirlenmistir (Madal1 ve ark., 2021). Tiirkiye nin
yedi bolgesinden birer okul segilerek toplam yedi 6zel lisenin bir aylik 6gle yemegi meniisiiyle
yapilan c¢alismada, bazi besin dgeleri ile meniilerin karbon ve su ayak izleri arasinda ve
meniilerin kalitesi ile ¢evresel etkisi arasinda pozitif bir iliski oldugu belirlenmistir (Aytekin
Sahin ve ark., 2024). Arastirmalar, hayvansal kokenli gidalarin, bitkisel temelli besinlere
kiyasla ¢evre iizerinde daha yiiksek olumsuz etkilere sahip oldugunu ortaya koymaktadir. Bu

durumun temel nedenleri arasinda, hayvansal iiretimin daha fazla sera gazi salimina neden
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olmasi, genis alanlara ihtiya¢c duymasi, yem {lretiminde yiiksek diizeyde girdi ve enerji
kullanim1 ile ruminant hayvanlarda gerceklesen enterik fermentasyon siireci sonucunda agiga

cikan yliksek miktarda metan gazi yer almaktadir (Madali ve ark., 2021).

Bu derlemenin temel amaci, toplu beslenme sistemleri baglaminda siirdiiriilebilir
beslenme uygulamalarini inceleyerek, ¢evresel etkileri en aza indiren stratejilere odaklanmaktir.
Calisma kapsaminda o6zellikle hayvansal ve bitkisel kaynakli gidalarin ekolojik etkileri
karsilastirilmakta; atik yonetimi, gida israfinin azaltilmasi ve ¢evre dostu uygulamalarin toplu
yemek hizmetlerine entegrasyonu degerlendirilmektedir. Arastirma, yalnmizca ¢evresel
stirdiiriilebilirlik boyutuyla sinirlandirilmis olup ekonomik ve sosyo-kiiltiirel yonleri kapsam
dis1 birakilmistir. Artan iklim krizi ve dogal kaynaklarin tilkenmesi karsisinda, siirdiiriilebilir
beslenme sistemlerinin yapilandirilmast agisindan bu c¢alisma Onemli bir katki sunmay1

hedeflemektedir.
MATERYAL VE YONTEM

Bu derleme, stirdiiriilebilirlik, toplu beslenme sistemleri, gida israfi ve atiklar ile ilgili hakemli
makaleler, raporlar ve uluslararasi politika belgelerinin kapsamli bir literatiir taramasina
dayanmaktadir. Toplu beslenme sistemlerinde siirdiiriilebilirilik uygulamalarini degerlendirmek

icin bilimsel veri tabanlar1 ve kurumsal yayinlar analiz edilmistir.
BULGULAR VE TARTISMA

Siirdiiriilebilir Beslenme

Siirdiiriilebilir Beslenmenin Tanimi ve Tarihcesi

Stirdiiriilebilirlik, mevcut kaynaklarin verimli kullanimiyla gelecek nesillere dogal varliklarin
ve kaynaklarin kalitesini koruyarak aktarilmasi olarak tanimlanmaktadir. Bu baglamda
stirdiiriilebilir beslenme, hem toplumun hem de gelecek kusaklarin saglikli yasamlarini
destekleyen, besin giivenligini saglayan ve ¢evresel etkileri minimize eden bir beslenme modeli
olarak kabul edilmektedir. Diinya niifusundaki artis, iklim degisiklikleri ve sinirli enerji
kaynaklar1 nedeniyle siirdiiriilebilirlik kavrammin énemi giderek artmaktadir (Oktem Giingér,

2022).

Birlesmis Milletler’in Diinya Cevre ve Kalkinma Komisyonunun diizenledigi ve 1987 yilinda

yayimladigi “Brundtland Raporu”nda siirdiiriilebilir kalkinma, “glinlimiiz nesillerinin
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gereksinimlerini karsilama yetenegini tehlikeye atmadan gelecek nesillerin ihtiyaglarini
kargilamak” seklinde tanimlanmistir (Keeble, 1988). Giinlimiizde niifusun hizla artmasi, kiiresel
1sinma, iklim degisikligi, azalan biyogesitlilik ile sinirli enerji ve su kaynaklari, gelecek nesiller
icin tehditler olusturmaktadir (Tompa ve ark., 2020). Bu tehditlerle miicadelede stirdiiriilebilir
kalkinma hedefleri baz alinarak bireylerin besin tercihlerinin diizenlenmesi énemli bir strateji
olarak 6n plana ¢ikmis ve bu kapsamda “siirdiiriilebilir beslenme” kavrami gelistirilmistir (Unal

Ozen, 2019).

FAO’nun 2010 yilinda yaptig1 tanima gore siirdiiriilebilir beslenme, insan ve dogal kaynaklarin
etkin kullanimi, biyogesitlilik ve ekosisteme saygi, kiiltiirel uygunluk, ekonomik erisilebilirlik
ve besinlerin ¢evresel etkilerinin azaltilmasi kriterlerini igeren ve daha az besin ayak izine sahip
olan diyetlerdir (Willett ve ark., 2019). Siirdiiriilebilir beslenme tutumu, besin iiretiminden
tiikketimine kadar olan siiregte; ambalajlama, isleme, satis, dagitim, depolama, ulasim gibi besin
zincirinin tiim asamalarinda gevre tizerindeki etkileri en aza indirgemeyi hedeflemektedir. Bu
dogrultuda, siirdiiriilebilir beslenme; besin tercihlerinin ¢evre iizerindeki etkilerini en aza
indirerek, besin atiklarinin ve kayiplarmin 6nlenmesini, yerel ve mevsimine uygun {iriinlerin
secilmesini ve hayvansal kaynakli, 6zellikle yag oran1 yiiksek gidalarin yerine bitkisel kaynakli

besinlerin tiiketimini tesvik etmektedir (Demir ve Akay, 2020; Yolcuoglu ve Kiziltan, 2021).

Stirdiiriilebilir beslenme kavrami ilk kez 1986 yilinda Gussow ve Clancy tarafindan
kullanilmistir. Beslenme kilavuzlarinda gida ve saglik arasindaki iliskinin incelendigini ancak
gida ve cevre arasindaki iliskinin dikkate alinmadigini belirterek beslenme se¢imlerinin
cevresel etkilerini incelemislerdir (Gussow ve Clancy, 1986). Siirdiiriilebilir diyet kavramu,
2010 yilina dek resmi olarak tanimlanmamis ya da net bir gerceveye oturtulmamistir. 2010
yilinda Gida ve Tarim Orgiitii (FAO) tarafindan Roma’da gerceklestirilen Biyogesitlilik ve
Stirdiirtilebilir Diyetler sempozyumunda “Sirdiiriilebilir diyetler giinimiiz ve gelecek
nesillerde saglikli yasam i¢in besin ve beslenme giivenligine katki saglayan diisiik cevresel
etkileri olan diyetlerdir. Siirdiiriilebilir diyetler ekolojik sisteme ve biyolojik ¢esitlilige karst
saygili ve koruyucudur, kiiltiirel olarak kabul edilebilir, erisilebilir, ekonomik olarak adil ve
uygun fiyatli, dogal ve insan kaynaklarini en 1yi sekilde kullanirken beslenme agisindan yeterli,

giivenli ve saglikli diyetlerdir” seklinde tanim yapilmistir (FAO, 2010).
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Diinya, biitiin canlilarin ortak yasam alani olarak artan niifusla birlikte iklim degisikligi,
ekolojik dengesizlikler ve kiiresel tehditlerle kars1 karsiya kalmaktadir. Bu degisimler, dogal
kaynaklarin verimliliginin azalmasina ve kitlik sorunlarinin ortaya ¢ikmasina neden olmaktadir.
Gelecek kusaklari saglikli ve giivenli gidaya erisimi, gliniimiiz neslinin siirdiiriilebilir besin
secimleri yapmasina baglidir. Sirdiiriilebilir beslenme, tercih edilen besinlerin yasam
dongiisiiniin ¢evre iizerindeki etkilerini degerlendirerek optimum beslenmeyi miimkiin
kilmaktadir. Literatiirde siirdiiriilebilir beslenmenin, sera gazi emisyonlari ve su ayak izi diisiik,
enerji ve arazi kullaniminda verimli, besin atik ve kayiplarini en aza indirgeyen bir tutum
oldugu vurgulanmaktadir. Bitkisel gidalar; meyveler, sebzeler, tam tahillar, baklagiller, yagh
tohumlar ve diisiik cevresel etkiye sahip balik, kiimes hayvanlari, zeytin ve zeytinyagi
stirdiiriilebilir beslenmenin temel unsurlarini olusturmaktadir. Buna ragmen hayvansal besinler,
kirmiz1 etler, islenmis gidalar, doymus yaglar, ve sekerli yiyecekler ise ekolojik dengeyi

olumsuz etkilemeleri sebebiyle sinirlanmalidir (Olgun ve ark., 2022).

Kiiresel niifus artisi, sanayilesme ve kentlesme gibi etkenler ¢evresel bozulmaya yol acarak
ekosistem dengesini tehlikeye sokmaktadir. Bu siiregte, gida sistemleri sera gazi salimlar ile su
ve arazi gibi dogal kaynaklarin kullanimi agisindan 6nemli bir rol oynamaktadir. Gida
iiretiminden tiiketimine kadar olan tiim asamalarda ortaya ¢ikan ¢evresel etkiler, stirdiiriilebilir
beslenme kavramimin énemini artirmaktadir. Ozellikle hayvansal iiriinlerin {iretim ve tiiketimi,
yiksek oranda sera gazi emisyonuna sebep olurken, bitki temelli beslenme bigimleri hem

cevresel siirdiiriilebilirligi hem de bireylerin saglik durumunu olumlu yénde desteklemektedir.

Tiikettigimiz gidalar ve bunlarin iretim metodlar1 insanlarin ve diinyanin saghigini belirleyerek
biliylik bir etkilesim igine girmektedir. Besinlerin ¢evre iizerindeki olumsuz etkilerini
degerlendirmede kullanilan 6zellikle su ayak izi ve karbon ayak izi olarak tanimlanan iki 6nemli
kavram bulunmaktadir (Clune ve ark., 2017; Hoekstra ve ark., 2011). Bir gidanin karbon ayak
iz1, Uretimden tiiketime kadar gecen siirecte - yani iiretim, tasima, depolama, isleme,
ambalajlama, pisirme ve tliketim asamalarinda - ortaya ¢ikan toplam sera gazi salimini ifade
eder. Et {riinlerinin, tahil ve sebze gibi bitkisel kaynakli besinlerle karsilastirildiginda daha
yiiksek karbon ayak izine sahip oldugu gériilmektedir (Takacs ve ark., 2022). Ote yandan,
gidalarin iiretimi ve tiiketimi sirasinda dogrudan ya da dolayli olarak harcanan su miktar1 "su
ayak i1zi" kavramiyla tanimlanir. Bir gidanin su ayak izi, liretim siirecindeki tiim asamalarda

harcanan su miktarmin toplamini kapsar (Mekonnen & Hoekstra, 2012). Ornegin, bir fincan
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kahve icildiginde yaklasik 200 mL su kullanilmis gibi goriinse de, iiretim siirecinde harcanan
su da hesaba katildiginda bu miktar 140 litreye kadar ¢ikmaktadir (TUBER, 2022). Bu durum,
gida iiretiminin su tiiketiminde bliylik bir yer kapladigini gostermektedir. Nitekim diinya
genelindeki su tiiketiminin yaklasik %92’si tarimsal iiretim igin kullanilmaktadir. Ozellikle
hayvansal kokenli iiriinler, bitkisel kaynakli gidalara kiyasla ayni enerji miktari i¢in ¢cok daha

fazla suya ihtiya¢ duymaktadir (Gerbens-Leenes ve ark., 2013).

Besinlerin ve beslenme modellerinin ¢evre tizerindeki etkilerinin belirtilmesinde, su ve karbon
ayak izi hesaplama yontemleri kullanilmaktadir. Daha diisiik su ve karbon ayak izine sahip olan

besinler daha diisiik ¢evresel etkiye sahiptir (Pegram ve ark., 2014).

Sekil 1. Cevresel Etkilerine Gore Besin Piramit Modeli (Barilla Center for Food and Nutrition,
2013)%**

*** Besinlerin ¢evresel etkileri; iretim teknigine, liretim bolgesine ve diger birgok faktére bagli olarak

degisebilmektedir.

Karbon Ayak izi

Karbon ayak izi, bir {iriiniin yasam dongiisii boyunca -iiretimden kullanima ve sonrasinda
bertarafa kadar- olusan toplam sera gazi emisyonlarinin o6l¢iisiidiir. Bu emisyonlarin

hesaplanmasi i¢in literatiirde ¢esitli yontemler gelistirilmistir. Bunlardan yasam dongiisii analizi
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(LCA), iirlin veya hizmetlerin tiretim, dagitim, kullanim ve atik yonetimi asamalarinda ¢evresel
etkileri degerlendirmek, emisyon miktarlarini ve kaynak tiiketimini belirlemek amaciyla yaygin

sekilde kullanilmaktadir (Hertwich, 2005).
Su Ayak Izi

Yasamin siirdiiriilmesi i¢in temiz ve saglikli elzemdir/gereklidir. Su kaynaklarinin
stirdiiriilebilirligini saglamak i¢in her damla suyun kullanimina dikkat edilmelidir. Su ayak izi
kullanilan su miktarinin Olgiilmesi olarak tanimlanir (Pekcan, 2017). Su ayak izi terimi,
iiriinlerin tedarik zincirleri siiresince su kullanimint belirlemek i¢in kullanilmaktadir. Genel
olarak, besinlerin su ayak izi litre/kilogram (L/kg) ya da metrekiip/ton (m?/ton) birimleriyle
ifade edilmektedir (Mekonnen ve Hoekstra, 2011). Calismalarin degerlendirilmesinde su ayak
izinin iki temel yaklasimi kullanilmaktadir: Su ayak izinin hesaplanmasinda, Su Ayak Izi Ag
(Water Footprint Network) tarafindan gelistirilen yontem (Hoekstra ve ark., 2011) ile Yasam
Dongiisii Degerlendirmesi (LCA) Komitesi tarafindan olusturulan yasam dongiisii temelli

yaklasim (Ridoutt ve Pfister, 2013) yaygin olarak kullanilmaktadir.

Turan (2017) tarafindan hazirlanan Tiirkiye nin Su Ayak Izi Raporu'nda, kisi basma diisen su
ayak 1zi 5412,7 L/g olarak belirlenmistir. Ancak bu c¢alismada yalnizca bireylerin besin
tiiketiminden kaynaklanan su ayak izi dikkate alinmgtir. Ote yandan, Tiirkiye genelini
kapsayan daha kapsamli Su Ayak Izi Raporu'nda ise bireylerin sadece beslenme aligkanliklari
degil, ayn1 zamanda su tliketimine etki eden diger faktorler de degerlendirmeye alinmistir. Bu

durum, iki raporun dogrudan karsilastirilmasini giiclestirmektedir.

Water Footprint Network (Su Ayak izi Ag1), su ayak izini {ic temel bilesen altinda
degerlendirmektedir: mavi, yesil ve gri su. Bu bilesenler hem suyun kullanim bi¢imini hem de
kaynagini (0rnegin yagmur suyu, yilizey ve yer alti suyu) dikkate alarak, kirleticilerin
seyreltilmesi i¢in ihtiya¢ duyulan temiz su miktarim1 da igermektedir. Mavi su ayak izi, bir
lirliniin tiretimi sirasinda dogrudan tiiketilen veya buharlasan yiizey ve yer alt1 suyu miktarin
ifade ederken; yesil su ayak izi, tarimsal iiretim ic¢in gerekli olan ve toprakta biriken yagmur
suyunun kullanimiyla iliskilidir. Gri su ayak izi ise, {iriin iiretimi sonucu olusan kirleticilerin
belirli bir su kalite standardina ulagabilmesi i¢in seyreltilmesinde gerekli olan temiz su hacmini

gostermektedir (Kii¢iikcankurtaran ve ark., 2022).
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Toplu Beslenme Sistemlerinde Siirdiiriilebilirlik

2022 verilerine gore kiiresel yemek hizmet sektorii 2,8 milyar dolarlik bir ekonomik biiytikliige
ulagmis olup, her yil milyarlarca 6giin sunulmasi sayesinde stirdiiriilebilir doniisiim agisindan
onemli bir potansiyele sahiptir (Speck ve ark., 2022). Besin sistemleri ise, diinya genelindeki
toplam sera gazi emisyonlarinin yaklagik %25-30’unu olusturarak cevresel etkilerin baslica
nedenlerinden biri olarak degerlendirilmektedir (Masson-Delmotte ve ark., 2019). Beslenmenin
yalnizca saglik degil, cevre ile de dogrudan iliskili oldugu ve bu iliskinin son yillarda giderek
daha fazla 6nem kazandigi ifade edilmektedir. Gida sektorti, kiiresel ¢cevresel degisimin baslica
itici giiclerinden biri olarak goriilmektedir (Serra-Majem ve ark., 2020). Bu nedenle, okul,
hastane ve huzurevi gibi kurumlarda verilen toplu beslenme hizmetlerinde sadece saglik ve

hijyen degil, ayn1 zamanda meniilerin ¢evresel etkilerinin de géz Oniinde bulundurulmasi

gerekmektedir.

Birlesmis Milletler’in projeksiyonlarina gore, 2017 yilinda yaklasik 7,6 milyar olan diinya
niifusunun 2050 yilina kadar 10 milyara ulagmas1 beklenmektedir (United Nations, 2017). Bu
hizli niifus artis1, smirli kaynaklarla daha fazla insani besleme zorunlulugunu beraberinde
getirirken, mevcut gida sistemlerinin bu ihtiyaci karsilamada yetersiz kaldig1 goriilmektedir.
Gida tiretimi, mevcut haliyle hem gida giivencesini riske atmakta hem de ¢evresel bozulmaya
neden olarak halk saglig1 tizerinde olumsuz etkiler yaratmaktadir (Fischer & Garnett, 2016;

Wiseman et al., 2019).

Gida sistemleri, kiiresel sera gazi emisyonlarinin %20-30’unu olusturarak iklim degisikliginde
onemli bir paya sahiptir (Fischer & Garnett, 2016). Bununla birlikte biyocesitlilik kayb,
ormansizlagsma ve arazi kullanimindaki degisiklikler de bu sistemlerin ¢evresel baskilarindan
bazilaridir. Tarim sektorii, diinya iizerindeki tatli su kaynaklarinin %70’ini ve ekilebilir
arazilerin biiylik kismini tikketmektedir (IPCC, 2015; Whitmee et al., 2015). Gidanin liretimden
tiikketime kadar gecen tiim agamalari ¢evresel etkiler dogururken, 6zellikle hayvansal iiriinlerin
tilketimi—ozellikle kirmiz1 etin—bitkisel kaynakli besinlere gére daha fazla karbon salimina
yol agmaktadir (Hedenus et al., 2014). Ornegin, giinliik et tilketimi 100 gramm iizerinde
oldugunda kisi basia diisen sera gazi salimi 7,2 kg CO: esdegeri seviyesine ulasirken,
tiketimin 50 gramin altina disiliriilmesi durumunda bu deger 4,7 kg CO: esdegerine

gerilemektedir (Wiseman ve ark., 2019).
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Ote yandan, artan niifusu beslemek igin tarim sektoriinde iiretimi artirma baskisi devam
ederken, iklim degisikliginin getirdigi olumsuzluklar bu siireci daha karmagik hale
getirmektedir (Fischer & Garnett, 2016; Macdiarmid et al., 2012). Mevcut gida sisteminin, hem
gezegenin sinirlart hem de insan sagligi agisindan siirdiiriilebilir olmaktan uzaklastigi
goriilmektedir. 2050 yilina kadar niifusun ve kiiresel gelirin artmasi ile birlikte gida sisteminin
cevresel etkilerinin %50 ila %92 oraninda artacagi dngoriilmektedir (Springmann et al., 2018).
Bu 6ngorti, gida sistemlerinin saglikli ve siirdiiriilebilir bir yapiya doniistiirilmesini zorunlu

kilmaktadir (Wiseman et al., 2019).

Birlesmis Milletler’in destekledigi siirdiiriilebilir besin sistemi yaklagimi, gelecek nesillerin
ihtiyaglarim1  gozeten, dogal kaynaklarin korunmasimi esas alan ve gida giivenligini
onceliklendiren uzun vadeli stratejilere dayanmaktadir (Haspolat, 2015). Bu kapsamda 2030
yilina kadar uygulanmasi hedeflenen Siirdiiriilebilir Kalkinma Amaglar1 (SKA), acligin sona
erdirilmesi, gida gilivenliginin saglanmast ve saglikli beslenmenin yayginlastirilmasini
hedeflemektedir (Lindgren et al., 2018). Ayrica, bulasict olmayan hastaliklarin artisi, mikro
besin eksiklikleri ve yetersiz beslenme gibi kiiresel diizeydeki beslenme sorunlarinin
¢cozlimiinde, gida sistemlerinin doniisiimii ile is birligine dayal1 politikalarin uygulanmasi kritik

onemdedir (Erdogan Govez & Koksal, 2024).

Siirdiiriilebilir gida sistemleri birbiriyle baglantili olup, liretim Oncesinden, iiretime, tedarik
zincirlerine ve tiikketime kadar tiim tarimsal deger zincirini temsil eder (Sekil 2) (Farming First,

2022).

o - Tedarik Zinciri "

Uretim Oncesi Uretim o Tiiketim
eme

* Genetik kaynaklar *Tetisme o * Pisirme

> * Depolama ¥ o
*Tanmsal Uygulamalar *Hasat T, / * Tuketim /
asima
*Tarimsal Girdiler * Gida kaybi yonetimi *Tontanf 5 Kend . / * Gida atig Yonetimi /
optan/perakende satig

Sekil 2. Uretimden tiiketime siirdiiriilebilir gida sistemi (farmingfirst.org, 2022)
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Sekil 3. Siirdiiriilebilir Gida Sistemleri Modeli (American Dietetic Association Sustainable

Food System Task Force, 2007)

Sekil 3’te de goriildiigii lizere siirdiiriilebilir gida sistemi temelindeki girdiler dogal kaynaklar
(genetik, toprak, arazi, su, hava ve enerji) ile insan kaynaklar1 (calisanlar, yoneticiler ve
profesyoneller) iizerine kurulmustur. Sosyal degerler ve egilimler, ekonomik durum, politika,
egitim ve arastirma ve teknoloji bu sistem i¢inde dnemli rol oynamaktadir. Gida sistemi bes
temel halkadan olusan bir zincirdir: Gidanin iiretimi (giftgilik, bahgecilik, balik¢ilik, yabani
bitkiler), doniisiimii (islenmesi, paketlenmesi, etiketlenmesi ve pazarlanmasi), dagitimi
(toptanciya ulasimi, depolanmasi ve transferi), erisimi (perakendecilere, gida glivenligi agina
ulagmasi) tiiketimi (satin alinmasi, hazirlanmasi, tiikketilmesi ve atik yonetimi). Bu zincirin
halkalar1 birbirlerinden, sistemin girdilerinden ve c¢evresel etmenlerden etkilenmektedir

(Tagtow ve Harmon, 2008).
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Diyetisyenlerin Siirdiiriilebilir Beslenme Sistemlerini Desteklemedeki Rolii

y NATURAL RESOURCES N
L A
Sekil 4. Siirdiiriilebilir Bir Gida Sistemini Desteklemede Diyetisyenin Rolii (American Dietetic

Association Sustainable Food System Task Force, 2007)

Sekil 4’te goriildiigii lizere gida ve beslenme uzmanlari, siirdiiriilebilir bir gida sisteminin
temelinde kritik bir unsur olma firsatina sahiptir. Diyetisyenler, gida sisteminde tistlendikleri
cesitli roller ile insan saghigin1 destekleyen, yerel tarimin gliclenmesine katki saglayan, dogal
kaynaklarin korunmasini gozeten, kati atik olusumunu en aza indiren ve ekolojik
siirdiiriilebilirligi 6n plana alan siirdiiriilebilir diyetleri tesvik edebilmektedirler (Sekil 4). Ornek

verilecek olursa:

Diyet Rehberligi: Klinik diyetisyenler ve diyet rehberligi saglayan digerleri, stirdiiriilebilir bir
gida sisteminin tiikketim sektoriinde dnemli oyunculardir ve hasta ve danisan gida secimlerini,
diisiince kaliplarini, gida davraniglarin1 ve yerel ve kiiresel gida sistemi sorunlarina katilimi

etkileme potansiyeline sahiptirler.

Toplum Beslenmesi: Toplum beslenmesi alaninda gorev yapan diyetisyenler, yerel {ireticilerle
tiikketiciler arasinda koprii kurmay1 hedefleyen gida odakli toplum projelerine katki sunarak

yerel gida sistemlerinin giiclenmesine destek olabilirler. Bu kapsamda; ciftlikten okula
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programlari, toplum destekli tarim girisimleri ve ¢ift¢i pazarlarinda yiiriitiilen beslenme egitimi

projeleri 6rnek olarak gosterilebilir.

Kamu Politikasi: Diyetisyenler, Ciftlik Giivenligi ve Kirsal Yatirim Yasasi, daha iyi bilinen
adiyla Ciftlik Yasasi ve Cocuk Beslenmesi ve WIC Yeniden Yetkilendirme Yasasi gibi gida
sisteminin  tiim  sektorlerinde  siirdiiriilebilir uygulamalar1  destekleyen politikalar

savunabilmektedirler.

Arastirma ve Ogretim: Gelecegin arastirmacilart ve/veya egitimcileri olan diyetisyenler,
stirdiiriilebilir gida sistemi kavramlarini {niversite derslerine, stajlarina ve arastirma

giindemlerine dahil edebilmektedirler.

Gida Tedariki: Hastaneler, okullar, restoranlar ve diger tesislerdeki gida hizmeti operasyonlari,
biiylik miktarlarda siirdiiriilebilir sekilde tiretilen gidalari tedarik ederek, hazirlayarak ve servis
ederek siirdiiriilebilir bir gida sisteminin gida dagitimi, erisimi ve tiikketim sektorlerinde 6nemli
bir role sahiptir. Ayrica, gida hizmeti operatorleri kurumlarinda enerji ve su tasarrufu ve atik

azaltma stratejilerini tesvik edebilir veya bunlara katilabilmektedirler.

Kurumsal Uygulamalar ve Politika: Gida sektoriinde gérev yapan diyetisyenler, siirdiiriilebilir
iirlinlerin gelistirilmesi, hammaddelerin enerji agisindan verimli bigimde temin edilmesi,
etiketleme yoluyla tiiketicilere bilgilendirici icerik sunulmasi ve israfi dnlemek amaciyla
besleyici iirlinlerin gida bankalar1 ya da gida depolarina yonlendirilmesi gibi uygulamalarla;
stirdiiriilebilir gida sisteminin {iretim, dagitim ve erisim siireclerinde 6nemli roller

ustlenmektedirler.

Stirdiirtilebilir gida sistemlerini benimsemenin en 1yi yollarindan biri rol model olmaktir. Yerel
ciftgilerle baglant1 kurun, mevsimlik gidalar hakkinda bilgi edinin, ¢ift¢i pazarlarini veya gida
kooperatiflerini ziyaret edin ve gida politikasi tartigmalarina katilin. Bu baglantilar1 bireyler ve
ardindan profesyoneller olarak kurmak, gelecek nesillerin siirdiiriilebilir bir gida sisteminden
giivenli ve besleyici gidalara erisebilmesini saglamanin ilk adimidir (Tagtow ve Harmon,

2008).
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Besin Atiklari ve Kayiplar

Besin atiklar1 ve kayiplari, siirdiiriilebilirligin beslenme boyutunda 6nemli bir sorun teskil
etmektedir. Bu iki kavram birbirinden farklidir; besin atiklari, tiiketiciler tarafindan yenilebilir
durumda olan gidalarin atilmasi iken, besin kayiplari, iiretimden dagitima kadar gecen sliregte
irin miktarinda meydana gelen azalmalar olarak tanimlanmaktadir (Parfitt, Barthel ve
Macnaughton, 2010). 2016 yilinda FAO tarafindan yayimlanan rapora gore, diinya genelinde
insanlarin tiiketimine sunulan gidalarin yaklasik ticte biri iiretim siirecinden tiiketime kadar olan
yasam dongiisii boyunca ya kaybolmakta ya da israf edilmektedir. FAO, bu miktarin yilda
yaklagik 1,3 milyar ton oldugunu belirtmektedir (FAO, 2016). Besin kayiplarinin baslica
nedenleri arasinda isleme hatalari, yanlis depolama ve sogutma uygulamalar ile tagima
esnasinda yasanan problemler yer almakta ve bu durum hem dogrudan hem de dolayl1 olarak
besin atiklarini artirmaktadir (Slorach ve ark., 2019). Bu kayiplar, toprak, su ve enerji gibi
degerli dogal kaynaklarin israfina yol agarken, ayni zamanda sera gazi salimimini da

artirmaktadir (FAO, 2016).

Avrupa Komisyonu 2025 yilina kadar gelen siiregte besin atiklari ve kayiplarmin cevre
iizerindeki etkileri lizerine yapilan calismalara dayanarak Avrupa’daki gida israfin1 %50
oraninda diisiirmeyi hedeflemistir (Heller ve Keoleian, 2015). Ote yandan, FAO'nun 2019
raporu, diinya genelinde yetersiz beslenme sorununun giderek biiytlidiiglinii ve 820 milyondan
fazla kisinin aclik ¢ektigini ortaya koymaktadir. Bu durum, her dokuz kisiden birinin aglikla
miicadele ettigi seklinde ifade edilmistir (FAO, 2019a). Siirdiiriilebilirlik hedefleri arasinda
besin atik ve kayiplarinin azaltilmasi, ¢gevrenin korunmasinin yani sira insan sagligi ve aglikla
miicadelede kritik bir 6neme sahiptir. Tarimsal {iretim verimliliginin artirilmasi, sera gazi
emisyonlarinin  azaltilmas1 ve gida sistemlerindeki kayip ve atiklarin  Onlenmesi
stirdiiriilebilirligin saglanmasinda temel unsurlar olarak 6ne ¢ikmaktadir (FAO, 2019b). Bu
dogrultuda yiiriitilen ¢alismalar, dogal kaynaklarin daha etkin kullanimini saglarken, aym
zamanda tikketim diizeyinin disilirilmesine ve gida israfinin azaltilmasina katkida

bulunmaktadir (Slorach ve ark., 2019).
SONUC

Giliniimiizde ¢evresel sorunlarin artmasiyla birlikte, stirdiiriilebilir ve ¢evreye duyarli beslenme

aligkanliklarimin  yayginlagtirilmas1  biliyilkk 6nem kazanmustir.  Siirdiirtilebilir  iiretim

50



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

sistemlerinden elde edilen gidalar, ekosistemlerin korunmasina, biyolojik ¢esitliligin
stirdiiriilmesine ve iklim degisikliginin etkilerinin azaltilmasina katki saglamaktadir. Toplu
beslenme hizmetleri ise, sunduklar1 genis Olcekli beslenme imkanlari nedeniyle gevresel
stirdiiriilebilirlik hedeflerine ulasmada kritik bir role sahiptir. Bu baglamda, porsiyonlarin
dengeli ayarlanmasi ve mevsimsel, yerel Uriinlerin tercih edilmesi gibi stratejiler, sera gazi

saliniminin azaltilmasinda etkili olacaktir.

Ayrica, yemek atiklarinin 6nlenmesi ve etkin atik yonetimi uygulamalarinin toplu beslenme
sistemlerine entegre edilmesi, kaynaklarin verimli kullanimin1 destekleyerek ¢evresel yiikiin
azalmasina katki saglayacaktir. Meniilerin uzman kisiler tarafindan planlanmasi ve bitkisel ile
hayvansal kaynaklarin dengeli dagiliminin saglanmasi hem besin degerinin artirilmasina hem
de cevresel etkilerin minimize edilmesine olanak tanir. Besin israfinin Oniline gegilmesi,
yalnizca gevresel siirdiiriilebilirlik acisindan degil, ayn1 zamanda kiiresel aglikla miicadelede de

Onemli bir adimdir.

Bu calisma, toplu beslenme sistemlerinin c¢evresel etkilerinin degerlendirilmesinde ve
stirdiiriilebilirlik ilkelerinin uygulanmasinda yol gdsterici olacak niteliktedir. Gida iiretimi ve
tilketimindeki kaynak verimliliginin artirilmasi, iklim degisikligiyle miicadelede 6nemli bir
arag olarak one ¢ikmakta; bu nedenle, stirdiiriilebilir beslenme stratejilerinin hayata gecirilmesi

toplum saglig1 ve ¢evrenin korunmasi i¢in kritik bir gerekliliktir.
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ABSTRACT
In the management of type 2 diabetes mellitus (T2DM), not only pharmacological treatments

but also biological rhythms and meal timing play a crucial role in achieving glycemic control.
Chronotype, an individual characteristic reflecting the circadian system, and associated night
eating behavior may influence the timing of metabolic processes and thereby affect glycemic
regulation. This study aimed to investigate the associations of chronotype and night eating
behavior with fasting blood glucose and HbAlc levels in patients with T2DM.

This cross-sectional and observational study was conducted between March and August 2024
at the Family Medicine outpatient clinic of Alanya Training and Research Hospital. A total of
150 patients aged 18 years and older with T2DM were included. The Morningness—
Eveningness Questionnaire and the Night Eating Questionnaire were administered face-to-face.
Fasting blood glucose, HbAlc, and body mass index (BMI) were recorded. Statistical analyses
included Spearman correlation analysis and analysis of covariance (ANCOVA).

Among the participants, 61.3% were classified as having an evening chronotype, and 52.7%
were identified as having possible night eating syndrome. A statistically significant association
was found between chronotype and HbAlc levels (p<0.001). HbAlc values were significantly
higher in individuals with an evening chronotype than in those with morning or intermediate
chronotypes. This association remained significant after controlling for night eating behavior.
Furthermore, night eating behavior had an independent effect on HbAlc levels (p=0.002).
Correlation analysis revealed a strong negative association between chronotype score and night
eating behavior (r=-0.822), and a positive association between night eating behavior and HbAlc
levels (=0.648). Individuals with night eating syndrome had significantly higher fasting blood
glucose, HbAlc, and BMI values than those without the syndrome (p<0.001).

Evening chronotype and night eating behavior are associated with poor glycemic control in
patients with T2DM and appear to be independent risk factors. These findings suggest that meal
timing and circadian rhythm are important modifiable targets that should be considered in

diabetes management.
Keywords: Diabetes, Glycemic control, Chronotype, Night Eating Syndrome

Note: This study was derived from the medical specialty thesis of Dr. irem Dogukaya, conducted at Alanya
Alaaddin Keykubat University.
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TiP-2 DIYABET HASTALARININ KRONOTIPININ GECE YEME SENDROMU, ACLIK
KAN GLUKOZU VE HBAIC ILE ILISKISININ INCELENMESI

OZET
Tip 2 diyabetes mellitus (T2DM) yonetiminde glisemik kontroliin saglanmasinda yalnizca

farmakolojik tedaviler degil, biyolojik ritim ve beslenme zamanlamasi da 6nemli rol
oynamaktadir. Sirkadiyen sistemin bireysel yansimasi olan kronotip ve buna bagl gelisebilen
gece yeme davranisi, metabolik silireglerin zamanlamasini etkileyerek glisemik kontrol {izerinde
belirleyici olabilir. Bu ¢alismada, T2DM hastalarinda kronotip ve gece yeme davranisinin aglik
kan glukozu ve HbA 1c diizeyleri ile iliskisini incelemek amaglanmaistir.

Bu kesitsel ve gozlemsel ¢alisma, Mart—Agustos 2024 tarihleri arasinda Alanya Egitim ve
Arastirma Hastanesi Aile Hekimligi polikliniginde yliriitilmiistiir. Calismaya 18 yas ve tizeri
150 T2DM hastasina Sabahgil-Aksamcil Anketi ve Gece Yeme Anketi yiiz yiize uygulanmigtir.
Aclik kan glukozu, HbA ¢ ve beden kitle indeksi (BKI) kaydedilmistir. Istatistiksel analizlerde
Spearman  korelasyon analizi ve kovaryans analizi (ANCOVA) kullanilmistir.
Katilimeilarin %61.3’0 aksamcil kronotipte olup, %52.7’sinde olas1 gece yeme sendromu
saptanmistir. Kronotip ile HbAlc diizeyleri arasinda anlamli iligski bulunmustur (p<0.001).
Aksamcil bireylerde HbAlc degerleri sabahgil ve ara tiplere gore anlamli olarak daha yiiksek
saptanmistir. Bu iligkinin, gece yeme davranisi kontrol edildiginde de devam ettigi goriilmiistiir.
Ayrica gece yeme davranisinin HbAlc tlizerinde bagimsiz bir etkisi oldugu belirlenmistir
(p=0.002). Korelasyon analizinde kronotip puani ile gece yeme davranisi arasinda gii¢lii negatif
iliski (r=-0.822), gece yeme davranisi ile HbAlc arasinda pozitif iliski (r=0.648) saptanmustir.
Gece yeme davranisi olan bireylerde aglik kan glukozu, HbA 1c ve BKI degerleri anlamli olarak
daha yiiksek bulunmustur (p<0.001).

Aksamcil kronotip ve gece yeme davranisi, T2DM hastalarinda kotii glisemik kontrol ile iliskili
olup, birbirinden bagimsiz risk faktorleri olarak one ¢ikmaktadir. Bu bulgular, beslenme
zamanlamas1 ve sirkadiyen ritmin diyabet yonetiminde dikkate alinmasi gereken modifiye

edilebilir onemli hedefler oldugunu gostermektedir.
Anahtar Kelimeler: Diyabet, Glisemik kontrol, Kronotip, Gece Yeme Sendromu

Not: “‘Bu c¢alisma Alanya Alaaddin Keykubat Universitesi biinyesinde devam etmekte olan Dr. irem
Dogukaya’nin tipta uzmanlik tezinden iiretilmistir.”’
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ABSTRACT

This study aimed to investigate the associations among dietary intakes, nutrition knowledge,
anthropometric measurements, and sports performance among male American Football players
(21.9£1.6 years, n=34) at a private university. Sociodemographic characteristics,
anthropometric measurements, sports performance tests (40-yard dash, broad jump, and 20-
yard shuttle), the General and Athlete Nutrition Knowledge Scale (GeSNK), and 3-day food
records were obtained. Among the participants, 61.7% (n=21) played offense, while the
remaining played defense. The mean BMI was 27.5+4.7 kg/m? the waist-to-hip ratio was
0.88+0.01, the skeletal muscle mass was 44.1£5.5 kg, and the internal organ fat level was
6.4£5.6. The mean GeSNK score was 60.7+8.3, with 73.5% (n=26) of athletes classified as
having high nutrition knowledge. The mean 40-yard dash time was 5.3+0.4 seconds, the broad
jump distance was 228.6£22.0 cm, and the 20-yard shuttle time was 5.0+0.3 seconds.
Significant differences were observed between offense and defense players in total energy,
carbohydrate, cholesterol, dietary fiber, iron, and potassium intake (p<0.05), all of which were
higher among offense players. Correlation analysis showed that BMI, body fat mass, body fat
percentage, waist-to-hip ratio, and internal organ fat level were significantly associated with
sports performance variables. BMI was positively correlated with 40-yard dash time (r=0.393)
and 20-yard shuttle time (r=0.482) (p<0.05), while it was negatively correlated with broad jump
performance (r=—0.364) (p<0.05). Similarly, body fat mass, body fat percentage, waist-to-hip
ratio, and internal organ fat level were positively correlated with 40-yard dash and 20-yard
shuttle times, and negatively correlated with broad jump performance (p<0.001). No significant
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relationship was found between nutritional knowledge and sports performance (p>0.05). Body
composition parameters, particularly indicators of body fat, were significantly associated with
sports performance. Overall, these findings suggest that optimizing body composition through
appropriate nutrition and training strategies, along with improving the practical application of
nutrition knowledge, may enhance athletic performance.

Keywords: American Football, Sports Performance, Anthropometric Measurements Nutrition Knowledge,
Dietary Intake
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ABSTRACT

This study aims to examine the global academic literature on the Beery-Buktenica Visual-Motor Coordination Test
(Beery-VMI) recognised as a fundamental tool for assessing visual-motor skills in child development from a
bibliometric perspective. Within the scope of the research, 293 scientific articles spanning the years 2000-2026,
retrieved from the Web of Science (WoS) database using the keywords “visual motor integration” and “child”, were
analysed in terms of annual publication trends, citation rates, the most influential journals, institutions, and author
collaborations. Analysis of the data revealed that the literature reached its annual production peak in 2020 and that the
United States (USA) is the hub of scientific output and academic networks in this field. Concept mapping, triadic
diagrams and network analyses conducted using the R-based Bibliometrix (Biblioshiny) software scientifically
demonstrate that the themes of ‘handwriting’, ‘fine motor skills’ and ‘education’ constitute the dynamic and
central areas of research within the literature. The results of social network analyses indicate that international academic
collaboration is concentrated along the North America and Europe axis, whilst Turkey’s representation within these
global networks remains at an early stage of development, and that its integration into collaborative networks needs to
be enhanced. These findings document that the topic of handwriting readiness skills in pre-school children—the
focus of this study—is consistent with the global literature. This analysis highlights the strategic importance of
transferring local data to international platforms, whilst providing a comprehensive literature roadmap for future

intervention programmes and early childhood policies.

Keywords: Beery-VMI, visual-motor coordination, child, motor skills, developmental assessment, bibliometric

analysis.
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2000-2026 YILLARI ARASINDA BEERY-BUKTENICA TESTi KULLANILARAK
YURUTULEN GORSEL-MOTOR ENTEGRASYON CALISMALARININ
BIBLIYOMETRIK ANALIZI

OZET

Bu calisma, ¢ocuk gelisiminde gorsel-motor becerilerin degerlendirilmesinde temel bir arag kabul edilen Beery-
Buktenica Gorsel-Motor Koordinasyon Testi (Beery-VMI) {izerine diinya genelinde yiiriitiilen akademik literatiirii
bibliyometrik bir perspektifle incelemeyi amaclamaktadir. Aragtirma kapsaminda, 2000-2026 yillart arasini
kapsayan ve Web of Science (WoS) veri tabanindan “visual motor integration” ve “child” anahtar kelimeleri
kullanilarak erisilen 293 bilimsel makale; yillik yayin trendleri, atif oranlari, en etkili dergiler, kurumlar ve yazar
is birlikleri agisindan analiz edilmistir. Verilerin ¢éziimlenmesi sonucunda, literatiiriin 2020 yilinda yillik bazda
iiretim zirvesine ulastig1 ve Amerika Birlesik Devletleri’nin (USA) bu alandaki bilimsel iiretimin ve akademik
aglarin merkezi oldugu saptanmistir. R tabanli Bibliometrix (Biblioshiny) yazilimi ile gerceklestirilen kavramsal
haritalama, ti¢lii diyagram ve ag analizleri; "handwriting" (el yazis1), "fine motor skills" (ince motor beceriler) ve
"education" (egitim) temalarinin literatiiriin dinamik ve merkezi ¢alisma alanlarini olusturdugunu bilimsel olarak
kanitlamaktadir. Sosyal ag analizleri sonucunda iilkeler arasi akademik is birliginin Kuzey Amerika ve Avrupa
ekseninde yogunlastigi, Tiirkiye’nin ise bu kiiresel aglardaki temsilinin heniiz gelisim asamasinda kaldig1 ve is
birligi aglarina entegrasyonunun artirtlmast gerektigi goriilmektedir. Elde edilen bu bulgular, ¢alismanin odak
noktasint olusturan okul 6ncesi gocuklarda el yazist hazirlik becerileri konusunun diinya literatiiriiyle uyum ic¢inde
oldugunu belgelemektedir. Bu analiz, yerel verilerin uluslararasi platformlara taginmasinin stratejik 6nemini
vurgularken, gelecekteki miidahale programlari ve erken ¢ocukluk politikalari i¢cin kapsamli bir literatiir yol

haritas1 sunmaktadir.

Anahtar Kelimeler: Beery-VMI, gorsel motor koordinasyon, ¢ocuk, motor beceriler, gelisimsel degerlendirme,
bibliyometrik analiz.

GIRIS

Erken ¢ocukluk donemi, motor becerilerin hizla gelistigi ve c¢ocugun cevresiyle girdigi
etkilesimin temelini olusturan kritik bir siirectir. Bu siiregte motor gelisim; yalnizca fiziksel bir
biliyiime degil, bilissel ve algisal siireglerle i¢ ige karmagik bir yap1 sergilemektedir. Gelisimsel
olarak ¢ocuk, bilissel, dil, sosyal-duygusal, fiziksel ve psikomotor olmak iizere bes temel
gelisim alaninda gelisim gostermektedir (Ulutas ve ark., 2017). Her bir gelisim alani ¢ocuk i¢in
ayr1 bir dneme sahip olmakla birlikte bir biitiiniin pargalarimi olusturmaktadir (Ozer ve Ozer,
2016). Gorsel algi, cevreden gorsel bilgiyi alma ve diizenleme siirecidir (Sortor ve Kulp, 2003).
Gorsel-motor koordinasyon becerisi, gorsel olarak algilanan bir nesnenin motor ¢iktiya

doniistiiriilmesi ile karakterize bir beceridir (Tekok-Kili¢ ve ark., 2010)
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Gorsel alg1r ve motor becerileri koordine etme becerisi olan gorsel-motor koordinasyon ise;
nesneleri gérme, kullanma, emekleme, yiirlime, kosma, gibi temel becerilerden ¢izme, boyama,
yazi1 yazma gibi akademik becerilere ve bilgisayar kullanma, ara¢ kullanma gibi daha ileri
becerilere kadar bir¢ok alanda kullanilmaktadir (Ercan ve Aral, 2011). Erken cocukluk
doneminde hizla gelisen gorsel motor koordinasyon akademik becerilerin gelisiminde ve
saglikli hayatin siirdiiriilmesinde 6nemli rol oynamaktadir (Ak¢in 1993; Marr ve ark., 2001;
Dankert ve ark., 2003; Brown ve Gaboury 2006). Gorsel algi ya da motor becerilerdeki
yetersizlikler ya da gecikmeler akademik becerileri kazanma, okul etkinliklerine katilima,
sosyal iligkiler ve benlik algisinda gibi konularda kisacasi g¢ocugun tiim yasaminda

olumsuzluklara yol agmaktadir (Goyen ve Duff 2005; Ratzon ve ark., 2007).

Gorsel-Motor KoordinasyonTesti (Beery VMI), gorsel motor koordinasyon becerilerinin
standartlastirilmis degerlendirilmesi i¢in yaygin olarak kullanilan bir aractir (Beery ve Beery,
2010). Bu degerlendirme, Gorsel Algt (VP: geometrik sekilleri eslestirme) ve Motor
Koordinasyon (MC: geometrik sekilleri ¢cizme) olmak iizere iki ek alt test igerir. Bu alt testlerin
amaci, uzmanlarin bu testi kullanarak ¢ocugun gorsel motor koordinasyon performansini tespit
etmesine olanak saglamak ve gorsel motor koordinasyon becerilerinde sorun olup olmadigini
veya gorsel algi ya da motor koordinasyon alt boyutlarinda yasanilan zorluklarinin gorsel motor
koordinasyon puanini diistiriip diisiirmedigini ortaya ¢ikarmaktir (van Vreeswijk, 2014). 2010
yilinda yayinlanan giincellenmis versiyonu olan Gorsel-Motor Entegrasyon Gelisim Testi
altinci baski (Beery VMI-6), Amerikan popiilasyonuna uygulandiginda iyi bir giivenilirlige ve
yeterli gecerlilige sahip oldugu bulunmustur (Poteat, 2014; Rodger ve ark., 2007). Olgegin 60-
72 aylik Tirk c¢ocuklarmma uyarlamasi (Ercan ve Aral, 2011) yapilmis olup giinlimiizde

kullanilmaya devam etmektedir.

Beery-VMI olgeginin yaygin kullanimi, bu konuda cok sayida calisma yapilmasina neden
olmustur. Ancak bu c¢alismalarin hangi alanlarda yogunlastigini ve zaman iginde nasil
degistigine dair biitlinciil bir bakis agisina ihtiya¢ duyulmaktadir. Bu ¢aligsma, 2000-2026 yillar1
arasindaki Beery-VMI yaymlarini1 inceleyerek diinyadaki genel egilimleri belirlemeyi
amaclamaktadir. Elde edilen sonuglarin, 6zellikle ulusal literatiirdeki eksiklikleri gostermesi ve

yeni arastirmalara rehberlik etmesi hedeflenmektedir.
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MATERYAL VE YONTEM

Bu calismada, gorsel-motor koordinasyon alaninda yaygin kullanilan 6lgme araglarindan biri
olan Beery-Buktenica Gelisimsel Gorsel Motor Koordinasyon Olgegi’ne (Beery-VMI) yonelik
akademik literatiiriin bibliyometrik bir analizi hedeflenmistir. Bu ¢alismada bibliyometrik
analiz yonteminin kullanilmasinin temel nedeni, s6z konusu 6lgegin uluslararasi literatiirdeki
kullanimin1 ve bununla ilgili yapilan arastirmalar1 kapsamli, sistematik ve objektif bir sekilde
haritalandirma ihtiyacidir. Bunun i¢in de son yillarda yaygin olarak kullanilan bibliyometrik
analiz yontemi tercih edilmistir (Sar1, 2022). Elde edilen verilerin analizi ve gorsellestirilmesi

icin R tabanli Bibliometrix (Biblioshiny) paketi kullanilmistir (Aria ve Cuccurullo, 2017).

Veriler, Mart 2026 tarihinde Web of Science veri tabanindan ‘visual motor integration’ (gorsel
motor koordinasyon) ve ‘child’ (¢ocuk) anahtar kelimeleri kullanilarak ¢ekilmistir. Elde edilen
354 kayit; 2000 yili sonrast yaymlanmis olma, uluslararasi literatiir hakimiyetini belirlemek i¢in
Ingilizce dilinde yazilma kriterlerine gére filtrelenmistir. Ayrica ¢aligmaya sadece arastirma
makaleleri, derleme makaleler ve erken erisimdeki makaleler dahil edilmistir. Diger ¢alisma
tiirleri analizin disinda birakilmistir. Nihai olarak 293 arastirma; yillik yayin sayisi, en ¢ok yayin
yapan dergi dagilimy, en fazla yayin yapan yazar dagilimi, yazarlarin en sik kullanildigi anahtar
kelimelerin dagilim1 ve konu ile ilgili en ¢ok yaym {ireten iilkelerin haritalandiriimasi

bakimindan analiz edilmistir.
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PRISMA Akis Diyagram

Tanimlama Kullamlan anahtar kelimeler ile veri tabam taramas: sonuecu

| |

Tarama Dolkiiman tipi filtresi Dil filtresi

uygulammas: sonucu uygulanmas: sonucu

belirlenen arastirma belirlenen aragtirma

kayitlar: (n: 335) kayitlar: (n: 324)

|

Yil araligt filtresi uygulanmasi sonucu belirlenen aragtirma
kayitlar: (2000-2026) (n: 293)

| |

Dahil Etme Bibliyografik analize dahil edilen aragtirma sayisi (n: 293)

,,,,,,,

Sar1 & Aypay, 2024)

BULGULAR

Beery-VMI {izerine 2000-2026 yillar1 arasini kapsayan bibliyometrik analiz sonuglarina gore,
literatiiriin genel seyri Sekil 2’de sunulmugtur. Beery-VMI iizerine 2000-2026 yillar1 arasin
kapsayan bibliyometrik analiz sonuclarina gore literatiiriin genel seyri incelendiginde (Sekil 2),
2000’11 yillarin basinda yillik 0-3 yayin ile sinirli olan ilginin zamanla dalgali bir artig gésterdigi

goriilmektedir.
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Annual Scientific Production

Sekil 2. Literatiirlin genel goriiniimii ve yillik yayin sayisi

Incelenen 26 yillik siiregte en yiiksek akademik iiretkenlige 22 yayinla 2020 yilinda ulasildig

saptanmistir. Bu durum, gorsel-motor entegrasyon konusuna olan akademik ilginin son yillarda

en yiiksek seviyeye ¢iktigini kanitlar niteliktedir. Giincel veriler 15181nda 2024 yilinda da yayin

sayisinin zirveye yakin seyretmesi (n=19) konunun popiilerligini korudugunu gosterirken, 2026

yilindaki sayisal diisiisiin ise yilin heniiz tamamlanmamis olmasindan kaynaklandigi olarak

degerlendirilmektedir. Beery-VMI literatiiriinde en fazla yayin yapilan kaynaklarin dagilimi

Sekil 3’te sunulmustur.

Most Relevant Scurces

i\
s

Sekil 3. Beery-VMI literatiiriinde en fazla yayim yapilan kaynaklarmn dagilimi (Ilk 10 dergi)
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Literatiiriin yayimnlandig1r temel bilimsel dergiler incelendiginde, en yiiksek akademik
iiretkenligin Research in Developmental Disabilities (n=14) dergisinde gerceklestigi
saptanmistir (Sekil 3). Bu kaynagi, her biri 10’ar yayinla American Journal of Occupational
Therapy ve Developmental Medicine and Child Neurology dergileri takip etmektedir. ilk on
sirada yer alan diger dergiler arasinda Journal of Occupational Therapy, Schools, and Early
Intervention (n=8) ve Perceptual and Motor Skills (n=7) gibi yayinlarin bulunmasi, Beery-VMI
konusundaki literatiiriin temel olarak gelisimsel yetersizlikler, cocuk saghgi ve ozellikle
ergoterapi disiplinleri ¢ergevesinde sekillendigini kanitlamaktadir. Bu durum, testin sadece
genel gelisimsel siireclerde degil, ayn1 zamanda rehabilitasyon ve miidahale programlarinin
etkinligini degerlendirmede de bir ara¢ olarak kullanildigin1 géstermektedir. Beery-VMI

konusunda en fazla yayin yapan ilk 10 yazar Sekil 4’te sunulmustur.

Mast Relevant Authors

Auttary

@ © © ¢

N of Dooumneats

Sekil 4. Beery-VMI konusunda en fazla yayin yapan ilk 10 yazari dagilimi

Literatiire en yiliksek katkiyr sunan yazarlarin dagilimi incelendiginde, Pienaar A.E.’nin 7
yayinla (n=7) en liretken isim oldugu saptanmistir (Sekil 4). Bu ismi 6’sar yayinla Brown T. ve
Coetzee D. takip ederken, Chen K.L., Huang C.Y. ve Joffe A.R. gibi isimlerin her birinin 5’er
yayinla (n=5) alana énemli katkilar sundugu goriilmektedir. ilk 10 sirada yer alan yazarlarin
yayin sayilar arasindaki yakinlik, Beery-VMI konusundaki akademik iiretimin tek bir yazarin
tekelinde olmadigini, aksine farkli uzmanlik alanlarindaki arastirmacilar tarafindan dengeli bir

sekilde paylasildigini gostermektedir.
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Beery-VMI literatiiriinde yazarlarin en sik kullandig1 anahtar kelimelerin dagilimi (Wordcloud)

Sekil 5’te sunulmustur.

N“Sl! spectrum ﬂs‘ﬂlﬂ

visual llel'cﬂl_lii)
lmen'”n“m 0tn I s autls ——
development COONILION yy
l\lISllill mmor cmm mweiomnem
ntegration
motor coordination c h I
neuropsychology

visiiak-motor It "i’ii'i'i'bn
Ilanllwrltmumw

Sekil 5. Beery-VMI literatiiriinde en sik kullanilan anahtar kelimelerin dagilim1

Incelenen literatiirde yazarlar tarafindan en sik kullanilan anahtar kelimelerin gérsellestirildigi
kelime bulutu (WordCloud) analizi sonucunda (Sekil 5), "visual-motor integration" (gorsel-
motor koordinasyon), "children" (¢ocuklar) ve "motor skills" (motor beceriler) kavramlarinin
en baskin temalar oldugu saptanmistir. Ozellikle "handwriting" (el yazis1), "visual perception”
(gorsel alg1) ve "preschool" (okul 6ncesi) kavramlarinin biiyiikliigii, Beery-VMI literatiiriiniin
erken ¢ocukluk donemindeki akademik becerilerle olan gii¢lii bagin1 ortaya koymaktadir.
Bunun yani sira bulutta yer alan "autism spectrum disorder" (otizm spektrum bozuklugu),
"neurodevelopment" (nérogelisim) ve "cognition" (bilis) gibi terimler, testin biligsel siireclerin
degerlendirilmesinde de yaygin olarak tercih edildigini gostermektedir. Bu kavramsal gergeve;
calismanin odagini olusturan okul oncesi donem gorsel-motor gelisim ve el yazis1 hazirlik
becerileri konusunun, mevcut literatiirlin temel ¢alisma alanlartyla tam bir Ortiisme igerisinde

oldugunu kanitlamaktadir.

Beery-VMI literatiiriinde yazarlarin kullandiklar1 anahtar kelimelerin birlikte kullanim

sikliklarii temel alan ag analizi sonuglar1 Sekil 6’te sunulmustur.
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Sekil 6. Beery-VMI literatiiriinde anahtar kelimelerin es-kullanim ag1

Anahtar kelimelerin birlikte kullanim sikliklarma dayali olarak gergeklestirilen ag analizi
sonucunda (Sekil 6), literatiiriin iki ana odak etrafinda kiimelendigi goriilmektedir. Mavi ve mor
kiimeler, 'gorsel-motor entegrasyon' ve 'motor beceriler' kavramlari lizerinden literatiiriin daha
cok klinik ve rehabilitasyon agirlikli (ergoterapi/fizyoterapi) bir yapiya sahip oldugunu
kanitlamaktadir. Buna karsin, yesil kiimede yer alan ‘el yazis1' (handwriting), '¢cocuk’ ve 'okul
oncesi' (preschool) temalar1 ise konunun egitimsel ve gelisimsel boyutunu temsil etmektedir.
Ancak bu kiimenin digerlerine gore daha sinirli bir hacme sahip olmasi, ¢ocuk gelisimi ve okul
oncesi egitimi perspektifinden yiirlitiilen ¢alismalarin literatiirde heniiz gelisim asamasinda

oldugunu ve bu alanda 6nemli bir arastirma boslugu bulundugunu ortaya koymaktadir.

Calisilan temalarin yogunluk ve merkezilik degerlerine gore hazirlanan Beery-VMI tematik

haritas1 Sekil 7°de sunulmustur.
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Sekil 7. Beery-VMI literatiiriiniin tematik haritasi

Literatiiriin stratejik konumunu belirleyen tematik harita analizi sonucunda (Sekil 7), Beery-
VMI calismalarinin dort temel bolgede kiimelendigi goriilmektedir. Haritanin sag {ist
ceyreginde yer alan "Motor Themes"(Motor Temalar) bolgesinde neuropsychology
(noropsikoloji), intelligence (zekd), cognition (bilig) ve Ozellikle handwriting (el yazisi),
preschool (okul Oncesi), education (egitim) temalarinin bulunmasi, bu konularin hem ¢ok
gelismis hem de literatiiriin merkezinde yer aldigin1 gostermektedir. Sag alt ¢ceyrekteki "Basic
Themes" (Temel Temalar) bolgesinde yer alan visual-motor integration (gorsel-motor
koordinasyon) ve visual perception (gorsel algi) kavramlari, alanin teorik altyapisini
olusturmaktadir. Sol iistteki "Niche Themes" (Ozel Temalar) bolgesinde prematurity (erken
dogum) ve pregnancy (gebelik) gibi spesifik klinik alanlar dikkat cekerken; sol alttaki
"Emerging or Declining Themes" (Yiikselen ve Diisliste Olan Temalar) bolgesinde yer alan
infancy (bebeklik donemi) temasi, literatiirde heniiz gelismekte olan veya odagini kaybetmeye
baslayan bir alan olarak saptanmistir. Bu harita, okul 6ncesi egitim ve el yazis1 becerileri
odagindaki calismalarin literatiiriin en dinamik ve merkezi parcasini olusturdugunu teyit

etmektedir.
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Beery-VMI ¢alismalariin kiiresel 6lgekteki sosyal haritasini ve iilkeler arasindaki akademik is

birligi driintiilerini gosteren ag grafigi Sekil 8’de sunulmustur.

2

Sekil 8. Beery-VMI literatiiriinde iilkeler arasi is birligi ag1

Beery-VMI literatiiriiniin kiiresel 6l¢ekteki sosyal yapis1 ve iilkeler aras1 akademik is birligi ag1
incelendiginde (Sekil 8), USA’in (ABD) agin merkezinde yer alan en baskin iilke oldugu
saptanmustir. Ozellikle USA ve Kanada arasindaki kalin bag cizgisi, literatiirdeki en yogun
uluslararas1 is birliginin bu iki lilke arasinda gerceklestigini kanitlamaktadir. Agin diger
kanatlarinda yer alan Avustralya, Birlesik Krallik (UK) ve Hollanda gibi iilkelerin kendi
aralarinda ve ABD ile kurduklar1 kopriiler, gorsel-motor koordinasyon arastirmalarinin kiiresel
bir ekosistem icinde gelistigini gostermektedir. Analiz sonuglari, Tiirkiye’nin Beery-VMI
konusundaki kiiresel aglarin disinda kaldigini belgelemektedir. Diinya genelindeki bu akademik
is birligi agma Tiirkiye'nin heniiz dahil olmamasi, iilkemizdeki ¢alismalarin uluslararasi

platformlarda daha fazla goriiniir kilinmasi gerektigini ortaya koymaktadir.
TARTISMA

Bu calisma, Beery-VMI literatiirtiniin 2000-2026 yillar1 arasindaki gelisimini incelemeyi
amaclayan bibliyometrik bir analizdir. Elde edilen bulgulardan hareketle Beery-VMI
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literatiiriniin 2000-2026 yillar1 arasindaki zamansal gelisimi incelendiginde, konuya olan
akademik ilginin genel bir artis egiliminde oldugu goriilmektedir. Ozellikle 2010 yilindan sonra
caligmalarin ivme kazandigi ve 2020 yilinda yillik bazda iiretim zirvesine (n=22) ulastig1
saptanmistir. Bu durum, gorsel-motor koordinasyonun ¢ocuk gelisimi ve pediatri

arastirmalarinda hala giincelligini koruyan temel bir konu oldugunu kanitlamaktadir. (Sekil 2).

Literatiiriin hangi alanlarda yogunlastig1 incelendiginde; "Research in Developmental
Disabilities" ve "American Journal of Occupational Therapy" gibi dergilerin 6n plana ¢iktig1
goriilmektedir. Bu sonuclar, Beery-VMI c¢aligmalarinin diinya genelinde agirlikli olarak
ergoterapi, rehabilitasyon ve klinik pediatri disiplinleri tarafindan sahiplendigini
gostermektedir. Akademik tartigsmalarin bu klinik odakli dergilerde toplanmasi, testin egitimsel
boyutundan ziyade tedavi edici ve tani koyucu yoniiniin daha baskin c¢alisildigim

ispatlamaktadir (Sekil 3).

Yazar bazli analiz sonuglari; Pienaar A.E., Brown T. ve Coetzee D. gibi isimlerin Beery-VMI
literatiiriine en yiiksek katkiyr saglayan arastirmacilar oldugunu ortaya koymaktadir. Bu
yazarlarin uzmanlik alanlar1 ve yayin sayilari, literatiirdeki bilimsel birikimin belirli akademik
merkezler ve uzman isimler etrafinda sekillendigini gostermektedir. Bu arastirmacilarin

stireklilik arz eden ¢aligmalari, alanin metodolojik gelisimine yon vermektedir (Sekil 4).

Kelime bulutu incelendiginde; "visual-motor integration" (gorsel motor koordinasyon),
"children" (¢cocuklar) ve "motor skills" (motor beceriler) kavramlarinin literatiiriin merkezinde
yer aldig1 goriilmektedir. Bununla birlikte, "handwriting" (el yazis1) ve "preschool" (okul
oncesi) anahtar kelimelerinin belirginligi, testin okul oncesi donemdeki akademik hazirlik
stirecleriyle olan giiglii bagini1 yansitmaktadir. Diger yandan "occupational therapy" (ergoterapi)
ve "pediatrics" (pediatri) gibi kavramlarin varligi, literatiirtin klinik ve egitimsel odak noktalari

arasindaki dagilimini 6zetlemektedir (Sekil 5).

Ag analizi sonuglari, Beery-VMI literatiiriintin farkli uzmanlik alanlarina boliindiigiinii agikca
gostermektedir. "Motor skills" (mor kiime) ve "visual-motor integration" (mavi kiime) etrafinda
toplanan gruplar, literatiiriin klinik ve rehabilitasyon agirlikl1 yapisini temsil etmektedir. Ote
yandan, "handwriting" ve "preschool" kavramlarmi igeren yesil kiime, testin egitimsel

boyutunu yansitsa da diger kiimelere kiyasla daha dar bir alanda kalmaktadir. Bu ayrim, gorsel-
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motor becerilerin egitim ve ¢ocuk gelisimi perspektifinden daha fazla calisilmasi gerektigini

kanitlamaktadir (Sekil 6).

Calismanin en dikkat c¢ekici bulgusu, arastirmalarin disiplinler aras1 dagilimindaki
dengesizliktir. Tematik harita sonuglari, literatiirdeki kavramlarin gelisim diizeyini ve stratejik
Onemini ortaya koymaktadir. Sag iist ceyrekte yer alan "handwriting"(el yazisi), "preschool”
(okul 6ncesi) ve "education" (egitim) temalart, literatiiriin en gii¢lii ve gelismis "motor temalart"
olarak saptanmistir. Bu durum, el yazis1 ve egitim odakli calismalarin alanda merkezi bir 6neme
sahip oldugunu dogrulamaktadir. Sol iistteki "niche themes" (nis temalar) ise otizm ve erken

dogum gibi daha spesifik klinik gruplara odaklanildigin1 gostermektedir (Sekil 7).

Kiiresel 6lcekte ise calismalarin merkezinde ABD ve Kanada yer almakta, en giiclii is birlikleri
bu iki iilke arasinda kurulmaktadir. Ozellikle ABD ve Kanada arasindaki giiclii bag, akademik
iretimin Kuzey Amerika ekseninde yogunlastigini kanitlamaktadir. Avrupa iilkelerinin
(Birlesik Krallik, Italya, isve¢) kendi igindeki ag yapisi dikkat cekiciyken Tiirkiye’nin bu
uluslararas1 aglarda heniiz aktif bir yer almamasi, yerel caligmalarin artirilmasi gerektigini

gostermektedir (Sekil 8).

Literatiiriin klinik/tedavi edici boyutu olduk¢a doyurucu bir seviyeye ulagsmisken, Beery-VMI
olgeginin okul Oncesi egitim programlarinin ve gelisimsel miidahale siire¢lerinin bir pargasi
olarak ele alinmas1 gerektigi saptanmistir. Gelecek ¢aligmalarin, testi sadece bir tan1 araci olarak
degil, erken ¢cocukluk donemindeki akademik hazirbulunusluk ve el yazis1 hazirlik siireglerini

destekleyecek egitimsel miidahaleler odaginda incelemesi onerilmektedir.

SONUC

Bu bibliyometrik analiz Beery-VMI {izerine 2000-2026 yillar1 arasini kapsayan arastirmalari
incelemeyi amaglamaktadir. Elde edilen sonuglar gdrsel-motor entegrasyon literatiiriiniin
kiiresel Olcekte istikrarli bir biiylime sergiledigini ve gilincelligini korudugunu ortaya
koymaktadir. Analiz sonuglarina gore; Amerika Birlesik Devletleri (USA) bu alandaki
akademik iiretimin merkezi konumundayken, "handwriting" (el yazisi) ve "education" (egitim)
temalarmin literatiiri zenginlestiren en stratejik ve merkezi calisma alanlar1 oldugu
saptanmistir. Kiiresel i birligi aglarinda Tiirkiye'nin heniiz smirli diizeyde temsil edilmesi,
yerel Olgekte yliriitiilen Ozgiin arastirmalarin uluslararasi platformlara entegre edilmesi

noktasinda kritik bir gelisim alan1 oldugunu gostermektedir. Nihayetinde bu ¢alisma;
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cocuklarda gorsel-motor koordinasyon ve el yazisi hazirlik becerileri odagindaki bilimsel
ilginin akademik literatiiriin ana ekseniyle uyum iginde oldugunu belgeleyerek, gelecekteki

miidahale programlari ve akademik ¢aligmalar i¢in somut bir yol haritas1 sunmaktadir.

Gelecekteki aragtirmalarin; Tiirkiye’de bu alanda yiiriitilen 6zgiin ¢alismalar1 ve biriken
bilimsel tecriibeyi, diinyadaki biiyiik projelerle birlestirecek uluslararast akademik is
birliklerine odaklanmasi Onerilmektedir. Bunun yani sira, testin sadece bir tan1 araci olarak
degil, erken cocukluk donemindeki akademik hazirbulunusluk ve el yazis1 hazirlik siire¢lerini

destekleyecek egitimsel miidahaleler odaginda incelenmesi 6nerilmektedir.
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ABSTRACT

Multiple sclerosis (MS) is an autoimmune disease characterized by inflammation, demyelination, and
neurodegeneration in the central nervous system. In recent years, morphological changes at the upper cervical
level, especially gray matter (GM) and white matter (WM) loss, have been suggested to occur in the early stages

of the disease and to be associated with clinical disability.

The aim of this study is to evaluate total cross-sectional area (TCA), gray matter (GM), and white matter (WM)
areas at the C2—-C3 level in patients with MS, compare them with healthy individuals, and reveal possible

morphometric changes.

In this retrospective study, magnetic resonance images of a total of 63 individuals aged 18—65 were analyzed. Of
the participants, 34 were MS patients and 29 were healthy controls. Measurements were performed on the AX
Merge sequence obtained in the axial plane. At the C2—C3 level, TCA, GM, and WM areas were manually
measured via the Sectra system. In addition, GM/WM, GM/TCA, and WM/TCA ratios were calculated. Statistical
analyses were performed using IBM SPSS 25.0 software. Normal distribution of the data was evaluated with the
Shapiro-Wilk test, and independent samples t-test was used for comparisons between groups. Correlation analyses

were performed using Pearson’s test.

In the MS group, the mean total cross-sectional area (TCA) was 237.12 + 34.41 mm?, while in the control group
it was 251.01 + 40.12 mm?. White matter (WM) area was measured as 159.19 + 33.22 mm? in the MS group and
172.31 = 37.83 mm? in the control group. Gray matter (GM) area was found to be 77.92 £+ 13.12 mm? in the MS
group and 78.69 + 9.29 mm? in the control group.
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In the ratio analysis, GM/WM and GM/TCA ratios were observed to be slightly increased in the MS group
compared to the control group. However, no statistically significant difference was found between the MS and

control groups in terms of TCA, GM, and WM areas (p>0.05).

In gender analysis, both TCA and GM areas were significantly higher in male participants (p<0.05). No significant

correlation was observed between age and all morphometric parameters.

Keywords: Multiple sclerosis, gray matter, total cross-sectional area, morphometric analysis, magnetic resonance
imaging

INTRODUCTION

Multiple sclerosis (MS) is a autoimmune, inflammatory, and neurodegenerative disease of the
central nervous system (CNS). Although traditionally considered a white matter disease, current
evidence suggests that gray matter damage begins in the very early stages of the disease and
shows a stronger association with clinical disability than white matter lesions. The spinal cord,
the part of the CNS that develops from the embryonic neural tube and undergoes the least
changes, is approximately 40-45 cm long, 1 cm in diameter, and weighs about 30 grams in
adults. Although it constitutes only 2% of the CNS mass, it has vital functions such as
transmitting impulses from most of the body to the brain, carrying impulses that initiate
voluntary movements to skeletal muscles, and providing autonomic innervation (Arinct &
Elhan, 2025; Arifoglu, 2019). Beginning within the vertebral canal, at the level of the upper
edge of the atlas, this structure merges with the medulla oblongata, narrowing to a cone shape
at its lower end and becoming called the conus medullaris, usually terminating at the L1-L2
vertebral level (Ozan, 2014). However, this termination point can vary according to gender; in
women, it can descend to the lower border of the L2 vertebra. After the conus medullaris, the
structure continues downwards as the filum terminale, surrounded by nerve roots originating

from the lower segments and called the cauda equina (Figure 1) (Arinc1 & Elhan, 2025).

The morphological structure of the spinal cord shows expansions in some areas due to the
density of nerve fibers going to the extremities. The cervical intumescent (Figure 2), containing
the C4-T1 segments responsible for upper extremity innervation, and the lumbosacralic
intumescent (Figure 3), containing the L1-S3 segments innervating the lower extremity, are the
regions with the largest cross-sectional areas of the spinal cord (Arifoglu, 2019). In transverse
sections, the spinal cord consists of the substantia alba (white matter), composed of descending
and ascending extensions of neurons on the outside, and the substantia grisea (gray matter),

shaped like the letter "H," formed by neuron cell bodies and unmyelinated fibers on the inside
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(Figure 4) (Ozan, 2014). Functionally, the gray matter consists of the anterior corneus (motor
neurons), the posterior corneus (sensory neurons), and the lateral corneus, which houses
autonomic neurons between the T1-L2 and S2-S4 segments. This structural organization
exhibits a laminar arrangement from I to X known as Rexed laminae; for example, the anterior
cornea houses Lamina VII, VIII, and IX, forming the main center of motor control (Arinci &

Elhan, 2025).

Figure 1: Filum terminale internum + externum (www.kenhub.com)

Figure 2: Intumescentia cervicalis (www.kenhub.com)
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Figure 3: Intumescentia lumbosacralis (www.kenhub.com)

Central canal

Figure 4: Substantia grisea + substantia alba (www.kenhub.com)
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In MS pathology, morphometric changes and tissue losses, particularly in the upper cervical
region (C2—-C3), are known to play a critical role in predicting the level of clinical disability.
The cervical region is susceptible to neurodegeneration both because it is a dense junction of
motor and sensory pathways and because of the critical balance of vascularization provided by
the anterior spinal artery and the paired posterior spinal arteries. However, the discrepancy
between the lesion burden observed in standard MRI scans and the patient's clinical condition,
i.e., the "clinical-radiological paradox," necessitates the search for more sensitive biomarkers
(Cohen et al., 2012; Testud et al, 2023). The "Network Degeneration Hypothesis," which
suggests that gray matter atrophy can develop independently of axonal damage in the white
matter, has made it necessary to examine these two tissue compartments separately (Schlaeger

et al., 2014).
MATERIALS AND METHODS

The methodological design of the study was structured as a retrospective case-control design,
adhering to the standards of the Helsinki Declaration, in accordance with the approval
numbered “2026/08-01 received from the Non-Interventional Research Ethics Committee of
Alanya Alaaddin Keykubat University. The research population consisted of 34 patients with a
definitive MS diagnosis according to McDonald criteria (Thompson et al, 2017) and followed
up by the neurology outpatient clinic, and 29 healthy volunteers matched for age and gender
with this group and without any neurological or systemic disease. The selection of participants
was based on the criterion of being between 18-65 years of age; individuals with pathologies
that may affect cervical cord morphometry, such as a history of spinal surgery, trauma, cord
tumors, or degenerative disc diseases, were excluded from the study. The imaging process was
standardized using a magnetic resonance imaging system. For morphometric analysis of the
cervical region, a high-resolution AX Merge (Multi-Echo Recombined Gradient Echo)
sequence was applied in the axial plane, maximizing the contrast difference between gray and
white matter and allowing for clear visualization of tissue boundaries. The resulting high-
resolution DICOM images were digitally analyzed using the SECTRA program to ensure
accuracy in anatomical measurements. The focus of the measurements was the intervertebral
disc plane at the C2—C3 vertebral level, which is considered to provide the most stable data of
the spinal cord both clinically and radiologically. In sections taken from this level, the outermost
boundaries of the cord were manually marked to determine the total cross-sectional area (TCA);

then, the gray matter (GM) area was quantified by following the characteristic "H"-shaped
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structure in the inner part (Schlaeger et al., 2014; Kesenheimer et al., 2021). The white matter
(WM) area was calculated by mathematically subtracting the gray matter area from the total
area (WM = TCA - GM) (Figure 5). In addition, tissue ratios such as GM/WM, GM/TKA, and
WM/TKA were calculated to analyze tissue-specific atrophy more deeply; statistical analysis

of all these data was performed using IBM SPSS 25.0 software with normality tests (Shapiro-

Wilk), followed by Independent Samples t-test and Mann-Whitney U test at a significance level
of p <0.05.

Figure 5: Manual delineation of the total cord cross-sectional area (TCA) and gray matter (GM)

area at the C2-C3 intervertebral disc level.
RESULTS AND DISCUSSION

Magnetic resonance imaging (MRI) images of a total of 63 participants included in the study
were analyzed morphometrically and statistically. The study group consisted of 29 (46.03%)
healthy control individuals (12 men, 17 women) and 34 (53.97%) patients diagnosed with MS
(8 men, 26 women). In terms of average age, the control group had an average age of 45.8 +
[SD] years, while the MS patient group had an average age of 37.82 &= [SD] years. According
to Pearson correlation analysis results, no significant relationship was found between the

measured cross-sectional area parameters and the calculated ratios with the participants' age
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(p>0.05). After confirming the normal distribution of the data using the Shapiro-Wilk test,
further analyses revealed no statistically significant differences between the MS patient group
and the healthy control group in any of the morphometric parameters (TKA, GM, WM)
(p>0.05). However, it was observed that total cross-sectional area (TCA) and white matter
(WM) area data were lower in the control group compared to the MS group, while other
parameters were higher in the MS group. When the data were compared based on gender, total
cross-sectional area (TCA) and gray matter (GM) values were found to be statistically
significantly higher in male participants than in female participants in both patient and control
groups (p<0.05). Although no statistical significance was reached in other morphometric
measurements, it was determined that the cross-sectional areas in men were larger than in
women (p>0.05). Within the scope of descriptive statistics, the mean total cross-sectional area
(TCA) in the control group (Group 1) was calculated as 251.02 £ 40.13 mm?, gray matter (GM)
area as 78.70 £ 9.29 mm?, and white matter (WM) area as 172.32 + 37.84 mm?. When the ratios
reflecting the interaction between tissue compartments were examined; In the control group,

the mean GM/WM ratio was determined to be 0.478 £ 0.115.

Although the monitoring of neurodegeneration in Multiple Sclerosis (MS) has traditionally
been carried out through atrophy and lesion burden in the brain parenchyma, in recent years the
strategic role of the spinal cord in this process has attracted more attention due to its success in
explaining the clinical picture. Because the spinal cord contains the densest fiber pathways in
the central nervous system and is the focal point of afferent/efferent transmission, even minimal
tissue loss here can lead to irreversible and severe motor and sensory deficits in the patient
(Minagar & Alexander, 2019). This study aimed to quantify the gray and white matter areas at
the C2—C3 level, one of the most anatomically and radiologically stable segments of the spinal
cord, and to reveal the effect of MS pathology on these structures. The literature suggests that
cervical cord gray matter atrophy shows a high correlation with the Expanded Disability Status
Scale (EDSS) and that this loss follows a course independent of white matter damage (Schlaeger
et al.,, 2014; Kesenheimer et al., 2021). However, our findings revealed no statistically
significant difference in total cross-sectional area (TCA), gray matter (GM), and white matter
(WM) parameters between the MS group and healthy controls (p>0.05). This can be explained
by the duration of the disease in our sample group, the effects of the treatments used, or the fact
that cord atrophy had not yet reached a detectable threshold with current imaging techniques.

One of the most striking findings of our study is that TCA and WM data were numerically lower
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in the control group compared to the MS group. While lower volumetric values are expected in
the MS group due to neural loss in the normal pathophysiological process, this observed pattern
can be associated with the phenomenon described in the literature as "pseudo-normalization."
It is known that chronic inflammation, microglial activation, astrocytosis, and the resulting
edema seen in the early or active stages of MS can mask tissue loss volumetrically, making
cross-sectional areas appear larger than they are (Schmierer & Miquel, 2018). Furthermore, the
lack of correlation between the measured parameters and the age of the participants (18-65
years) proves that the morphometric changes in the spinal cord are dependent on individual
anatomical configuration or the specific course of the disease, rather than being a physiological
process related to aging. At this point, the question of whether atrophy in subcortical gray matter
structures progresses simultaneously with spinal cord atrophy remains an important focus of
discussion for future studies to understand the holistic degeneration of the central nervous
system (Barc et al., 2023; Tekin et al., 2024). The relationship between iron accumulation and
volume loss in deep gray matter structures and clinical scores is also part of this holistic

approach (Voon et al., 2025).

From an anatomical perspective, the significantly higher TKA and GM values of male
participants compared to females in both groups (p<0.05) demonstrates how decisive the gender
factor is as a key biological variable in cervical cord morphometry (Kesenheimer et al., 2021).
This finding suggests that men have a larger initial neural reserve and spinal cord volume, but
the potential protective effect of this structural advantage on clinical course and disability
should be investigated in larger cohorts. Although limitations of the study include its
retrospective design and the exclusion of direct correlation between EDSS scores and cord areas
at this stage, it confirmed that manual segmentation at the C2-C3 level is a sensitive tool for
monitoring tissue-specific changes (Cohen et al., 2012). Consequently, the lack of a significant
difference between groups suggests that spinal cord atrophy does not progress at the same rate
in every MS patient and that volume loss, especially in early-stage or stable cases, may be

balanced by inflammatory processes.

CONCLUSION

This study reveals neurodegenerative processes at the upper cervical spinal cord (C2—C3) level
in Multiple Sclerosis (MS) pathology through a comprehensive morphometric analysis that

addresses the gray and white matter compartments separately. Data obtained using manual
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segmentation provide a highly anatomically accurate approach for quantifying tissue-specific
changes in the cord (Schlaeger et al., 2014). Although no statistically significant difference in
atrophy was found between the MS group and healthy controls in total cross-sectional area
(TCA), gray matter (GM), and white matter (WM) parameters (p>0.05), the numerical data
obtained support the "pseudo-normalization" phenomenon in MS pathophysiology. This
situation, consistent with the literature, reveals that chronic inflammatory processes and
accompanying edema, especially in the early or active phases of the disease, can volumetrically

mask the existing tissue loss (Schmierer & Miquel, 2018).

One of the most important outcomes of the study is that the cross-sectional area values of male
participants in both the patient and control groups were found to be significantly higher than
those of female participants (p<0.05). This finding proves that gender must be taken into
account as a fundamental biological variable in biomarker studies on spinal cord morphometry
and that future normative data studies should be designed to be gender-specific (Kesenheimer
et al.,, 2021; Alsema et al, 2024). In addition, the lack of correlation between the measured
morphometric parameters and the age of the participants suggests that structural changes in the
spinal cord are related to the unique pathological dynamics of MS and individual neural reserve
capacity, rather than the physiological aging process. Ultimately, detailed morphometric
analyses performed at the C2—C3 level have the potential to be a cost-effective and objective
imaging biomarker applicable in clinical practice for MS follow-up (Cohen et al., 2012). This
study contributes to the literature by emphasizing that the masking effect of inflammatory
processes on atrophy should be considered in clinical evaluations, even in stable cases where
no statistically significant difference was found. In the future, research with a larger patient
sample, encompassing different clinical phenotypes of the disease (RRMS, PPMS, SPMS) and
including clinical disability scores (EDSS) and long-term follow-ups, will solidify the reliability
and prognostic value of upper cervical cord morphometry as a biomarker (Tekin et al., 2024;

Voon et al., 2025).
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ABSTRACT

Coffee is an indispensable beverage in many countries. Coffea arabica L. production accounts
for approximately 64% of world production. Tiirkiye has a deeply rooted coffee consumption
culture. Therefore, coffee production trials are gaining importance in Tiirkiye as well. Coffee
production is particularly widespread in and around the Gazipasa district of Antalya thanks to
the suitability of climate conditions. It is known that protected cultivation of Coffea arabica L.
evaluated for commercial purposes, is currently conducted on a total area of approximately 4
da in Gazipasa, whereas open-field coffee cultivation is generally carried out as hobby-oriented
experimental trials. BATEM (Bati Akdeniz Agricultural Research Institute) is researching
coffee cultivation, and some private companies state that commercial coffee cultivation is
economically viable. This study aims to examine coffee production areas in Tiirkiye and
investigate the importance of Gazipasa in the selection of coffee production areas. It has been
observed that Gazipasa, located in the south of the country, contributes to the cultivation of
coffee, a tropical fruit, especially due to climate change; however, since it does not possess all
the necessary climatic characteristics for coffee, production in greenhouses is more effective

and economical.
Keywords: Gazipasa, Coffee production, Tropical fruits, Greenhouse cultivation

GAZIPASA EKOSISTEMINDE KAHVE (COFFEA SPP) URETICILIGi
OZET

Kahve bircok iilkede vazgegilmez bir i¢ecektir. Diinya {iretiminin yaklasik %64’tini Coffea
arabica L. tiretimi olusturmaktadir. Tiirkiye, kahve tiiketimi agisindan ¢ok koklii bir kiiltiire
sahiptir. Bu nedenle, kahve liretimi denemeleri Tiirkiye’de de dnem kazanmaktadir. Kahve
dretimi Ozellikle Antalya’nin Gazipasa ilgesi ve cevresinde iklim kosullarinin uygunlugu
nedeniyle tiretilmekte olup, yayginlagmaktadir. Gazipasa’da toplam yaklasik 4 da alanda ticari
amacl degerlendirilen ortii altt Coffea arabica L. yetistiriciligi yapildig1 bilinmektedir. Agik
alanda ise kahve yetistiriciligi genellikle hobi amacli denemeler seklinde gerceklestirilmektedir.
Ozellikle BATEM (Bat1 Akdeniz Tarimsal Arastirma Enstitiisii) kahve yetistiriciligi hakkinda
caligmalar yiiriitmekte olup bazi 6zel sirketler ticari kahve yetistiriciligin ekonomik oldugunu
belirtmektedirler. Bu c¢alismada, Tiirkiye’de kahve iiretim alanlarinin incelenmesi ve kahve

iiretim alan1 seciminde Gazipasa’nin dneminin arastirilmasi amaglanmstir. Ozellikle iklim
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degisikligi nedeniyle iilkenin glineyinde yer alan Gazipasa’nin tropik bir meyve olan kahvenin
yetistirilmesine katkida bulunmakta, ancak kahve i¢in gerekli olan tiim iklim 6zelliklerine sahip

olmadig i¢in seralarda yapilan tiretimlerin daha etkili ve ekonomik oldugu gézlemlenmistir.

Anahtar kelimeler: Gazipasa, Kahve iiretimi, Tropik meyveler, Ortii alt1 yetistiriciligi
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ABSTRACT

Football has become a data-driven sport in which performance analysis and evidence-based
decision-making processes are widely utilized. In recent years, analytical approaches have
played a significant role in evaluating player performance, developing match strategies, and
predicting injury risks. In this context, examining the scientific literature at the intersection of
football and analytics is crucial for understanding research trends and the development of the
field. Therefore, this study aims to analyze the bibliometric characteristics of research

conducted in football analytics between 2006 and 2025.

A bibliometric analysis method was employed, and the dataset was obtained from the Web of
Science database using the keywords “football” and ‘“analytics.” A total of 513 scientific
publications were analyzed within the specified period. The analysis included indicators such
as publication output, annual growth rate, citation counts, keyword usage, and the most

productive journals, institutions, and authors.

The findings revealed that 1,525 authors contributed to the publications, with 1,432 unique
keywords and 15,133 cited references. The annual growth rate was 26.34%, and the average
number of citations per document was 12.57. Scientific production showed a notable increase,
rising from 17 publications in 2016 to 85 in 2025. Additionally, leading journals, institutions,

and authors were identified as key contributors to the field.

Overall, the results indicate a rapid increase in football analytics research and highlight the
growing importance of data-driven approaches in sports science. Future studies are expected to

focus on advanced techniques such as artificial intelligence and machine learning.

Keywords: Football, Sports Analytics, Bibliometric Analysis, Performance Analysis
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ABSTRACT

The aviation sector, while being an essential part of global transportation, plays a critical role in global mobility
and economic development. It is at the center of sustainability discussions due to its impacts such as energy
consumption, carbon emissions, noise pollution, and waste production. When examining previous studies in the
literature, it is observed that while extensive research has been conducted on the sustainability performances of
large-scale airports, the roles and strategic approaches of small-scale airports in this process have not been
sufficiently investigated. The objective of this study is to analyze sustainable management practices and the unique
dynamics encountered through the example of Gazipasa-Alanya Airport, a small-scale airport. By drawing support
from the analyzed findings, it is aimed to design development and improvement-oriented studies by looking at the
status of sustainability and environmental impacts of small-scale airports. In this study, where the case study design
one of the qualitative research methods is adopted; it is planned to examine the airport's energy efficiency, zero
waste management, water conservation, and carbon accreditation processes. The capacity of Gazipasa-Alanya
Airport, under the management of TAV Airports, to adapt to environmental goals through its operational flexibility
and service approach will be evaluated. The findings to be obtained will demonstrate the ability of small-scale
airports to successfully implement sustainability strategies, despite limited resources, thanks to their rapid
decision-making mechanisms and the bonds they establish with the local ecosystem. The study aims to contribute
to the relevant literature and sector stakeholders by providing a model for the "Green Airport" transformation

processes of small-scale airports.

Keywords: Sustainable Aviation, Environmental Management, Small-Scale Airports, Gazipasa-Alanya Airport,
Green Airport.

INTRODUCTION

The aviation sector plays a strategic role in ensuring the continuity of global trade, facilitating

interaction between societies, and developing tourism. Among transportation systems, the
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aviation sector occupies a unique position due to its diverse service offerings and its integration
with other transportation systems (Torum and Kiigiik Yilmaz, 2009). Particularly in the last two
decades, due to technological advancements and the increasing need for mobility, aviation
activities have experienced massive growth worldwide. However, this growth also poses
serious challenges in terms of environmental sustainability. Aviation operations are at the center
of ecological degradation and global warming discussions due to their environmental outputs
such as carbon emissions, high energy consumption, intensive waste production, and noise
problems. Regardless of the sector, ensuring sustainability requires meeting the needs of the
current population while conserving and protecting resources to meet future requirements
(Frangapoulos, 2006). Therefore, as businesses grow and develop, their social and
environmental responsibilities also increase, which has led to the concept of sustainability
gaining much more importance (Akduman and Karahan, 2025). Today, the concept of
"Sustainability" represents not only a corporate responsibility but also an operational necessity
for the aviation sector. International civil aviation organizations and local authorities support
"Green Airport" projects and carbon accreditation programs to minimize the environmental
footprint. When the academic literature is examined, it is seen that the vast majority of research
on sustainability performance focuses on large-scale airports with "hub" (transfer center)
characteristics, which have large financial resources and high passenger traffic. Therefore, the
challenges, strategic roles, and implementation capacities of small-scale airports, which are
vital for regional tourism and local economies, are not sufficiently represented in the literature.
In our research, we examine Gazipasa-Alanya Airport (GZP), a small-scale airport example, to
address this gap. This airport, operated by TAV Airports, is a unique model in terms of the
applicability of sustainability strategies, both due to its relationship with the regional tourism
ecosystem and its boutique operational structure. Within the scope of the research, the airport's
zero-waste management, energy efficiency, water conservation, and carbon accreditation
processes are examined; and how facilities with limited resources can create environmental
advantages through operational flexibility and rapid decision-making mechanisms 1is
investigated (Cayalan and Rodoplu, 2025). In this context, the current research aims to guide
sectoral stakeholders and make a unique contribution to the sustainability literature in aviation
management by analyzing the "Green Airport" transformation processes of small-scale airports

on a practical and institutional level.
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THEORETICAL FRAMEWORK AND LITERATURE REVIEW

The aviation sector, which enables the rapid development and digitalization of transportation
and trade in our world, is also prominent in sustainability discussions due to the environmental
damage caused by the fuels used, the carbon footprint, and the use of environmental resources
(Akduman and Karahan, 2025). With the aim of eliminating these negative impacts, the
International Air Transport Association (IATA) has set sustainability goals such as taking
actions to protect the environment, using sustainable aviation fuels, and achieving net zero
carbon emissions by 2050 (IATA, 2023). To support the goal of a sustainable world, the State
Airports Authority (DHMI) implements an "Operating Services and Environmental Policy."
Within the scope of this environmental policy, operating services aim to reduce greenhouse gas
emissions, promote zero waste, efficiently utilize existing energy resources, support all
stakeholders with training to increase environmental responsibility and awareness, and organize
environmental management system activities integrated with other management systems
(DHMI, 2023). However, sustainability reports have ceased to be merely a requirement and
have become a strategic communication tool that enhances corporate reputation, builds
stakeholder trust, and creates a competitive advantage (L’Abate, Vitolla, Esposito, & Raimo,
2023; Karagiannis, Vouros, Skouloudis, & Evangelinos, 2019). Thus, sustainable airport
management has begun to be addressed holistically, encompassing environmental, economic,
and social dimensions (Thomas and Scandurra, 2023). Karagiannis, Vouros, Skouloudis, and
Evangelinos (2019), by examining sustainability reports of airports in Europe through a
comprehensive content analysis, found that disclosure rates were generally limited and that
reporting largely focused on environmental indicators (Yalva¢ and Atik, 2026). Similarly,
Thomas and Scandurra (2023) revealed that a large proportion of airport operators in Italy
voluntarily report on environmental and social sustainability, but the quality of reporting varies
between 42% and 82%. This result indicates that airports in Europe have made progress in terms
of sustainability reporting in terms of form, but the reports are still in the development process
in terms of content depth, verifiability of indicators, and consistency in performance
measurement (Yalvag and Atik, 2026). Heathrow Airport takes care to use a comprehensive
separation system to prevent waste from mixing. Recycling points in the terminal help
passengers separate materials such as paper, plastic, and glass. In addition, it has been observed
that energy is produced by converting food waste into biogas (Heathrow Airport, 2023).

Istanbul Airport, within the framework of sustainable waste management policies, aims to
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increase recycling rates through practices such as separating waste at the source and storing it
separately according to its type; The airport has contributed to environmental sustainability by
implementing energy recovery methods such as composting organic waste and biogas
production. Furthermore, it has aimed to increase awareness of waste management through
training programs for passengers and staff, and as a result of these efforts, it has achieved a
significant success in the field of waste management by obtaining a zero-waste certificate. The
implementation of these strategies has contributed to reducing the amount of waste and
increasing recycling rates at the airport (Kalyoncu, 2023). Expanding social responsibility
projects within the framework of sustainability will increase the public perception of the
aviation sector and will help it gain the encouragement of a wider audience in the future.
A review of the literature and the field of study revealed research on hub centers and large-scale
airports; however, when keywords were searched, no research focusing on environmental
impact and sustainability within the framework of a small-scale airport was found. This
situation supports the underlying reasons and focus of our study; therefore, the investigation of
the environmental impact and sustainability status of Gazipasa-Alanya Airport aims to

contribute to filling a gap in the literature as an original study.
MATERIALS AND METHODS

The current research is based on a qualitative research methodology, aiming to analyze the
environmental impacts of airport operations and the sustainability strategies developed in this
process in depth. Beyond quantitative data, managerial processes and application models have

been adopted to understand the unique dynamics of small-scale airports.
Research Design

The research focuses on a case study design, which allows for the analysis of a specific
phenomenon within its real context. This design was chosen to describe in detail the
transformation process and operational flexibility of Gazipasa-Alanya Airport into a "Green

Airport".
Data Sources and Materials

To obtain the basic data for the research, official documents and institutional reports belonging
to Gazipasa-Alanya Airport (GZP) will be created. The following sources are planned to be

used in the data collection process:
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o Corporate Reports: Annual sustainability and activity reports of TAV Airports, the
airport operator.

o Official Certifications: The airport possesses carbon accreditation certificates, "Zero
Waste" protocols, and energy management documents.

e Operational Data: Technical data on energy consumption, water conservation

practices, and waste management processes.
Data Collection and Analysis Process

Qualitative content analysis method was used in the analysis of the data. The research process

consists of the following stages:

1. Categorization: The obtained data were classified under four main headings: energy

efficiency, zero waste management, water conservation, and carbon accreditation.

2. Operational Evaluation: The sustainability performance of GZP, a small-scale port, was
evaluated based on its ability to make quick decisions and connect with the local ecosystem

despite limited resources.

3. Model Creation: In light of the analyzed findings, the aim was to design a "Green Airport"

transformation model for other small-scale airports.
RESULTS AND DISCUSSION

The research conducted on the sustainability performance of Gazipasa-Alanya Airport (GZP)
within the scope of the current study has revealed that, despite being a small-scale airport, the
facility adheres to international standards in environmental management strategies. The key

findings are listed below:

* Carbon Management and Emission Control: GZP has participated in the Airport Carbon
Accreditation (ACA) program developed by the International Airports Council (ACI) within
the scope of TAV Airports' global sustainability vision. In this context, the airport
systematically measures its carbon footprint and optimizes its operations to reduce it (TAV

Airports Holding, 2024).

* Energy Efficiency and Technical Infrastructure: It has been concluded that energy
efficiency has been achieved at the airport thanks to technical improvements such as the
transition to LED lighting systems and the automation of air conditioning units. These practices

demonstrate the high speed of technological adaptation in small-scale airports.
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* Waste Management and Zero Waste Protocols: The facility fully complies with the "Zero
Waste" standards of the Ministry of Environment, Urbanization and Climate Change,
demonstrating operational success in separating and storing waste at the source and increasing

recycling rates.

* Water Resource Conservation: The small-scale port structure, real-time monitoring of water
consumption, and the preference for water-efficient options in landscaping help minimize the

water footprint.
DISCUSSION

The findings are consistent with the thesis highlighted in the literature by Greer et al. (2020),
which states that small-scale airports, despite having limited resources, can implement
sustainability projects more effectively thanks to their operational flexibility. The lengthy
processes that occur in large-scale airports due to implementation complexity are overcome in
the case of GZP through rapid decision-making systems. Adopting the "Green Airport" criteria
mentioned by Isilar (2022) as a business model specifically for GZP could contribute to the

facility becoming a regional "role model".
CONCLUSION

This research examines the sustainability roadmap of Gazipasa-Alanya Airport and analyzes

the potential of small-scale airports in environmental management.

* Overall Conclusion: Small-scale airports are not merely stations feeding large hubs; thanks
to their rapid decision-making capabilities and relationships with the local ecosystem, they can

be pioneering laboratories for sustainable aviation transformation.

* Sectoral Recommendation: GZP's operational flexibility and service-oriented sustainability
approach can serve as a model for a "Green Airport Transformation" for other regional airports

of similar scale.

* Future Studies: To more clearly reveal the environmental impacts of airport operations, it is
recommended that quantitative studies be conducted on the cost-benefit analysis of renewable

energy investments (Solar Power Plants, etc.).
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ABSTRACT

In regions with cold climates, the majority of energy consumed in buildings is spent on heating
them to provide thermal comfort. The best way to reduce heat loss in buildings is to insulate the
building's external envelope elements. Building insulation has become even more important in
countries that meet a large portion of their energy needs through imports and where fuel prices
are high. For this purpose, the study first determined the annual heating load for the laying hen
coop using the degree-day method. Subsequently, for the construction of externally insulated
walls, optimum insulation thickness, energy savings, and payback periods were calculated using
two different fuel types (coal and natural gas) and rock wool as insulation material. According
to the results obtained, the optimum insulation thickness for a wall insulated with rock wool
was calculated to be 0.12 m and 0.10 m respectively when using coal and natural gas as fuel.
Depending on the optimum insulation thickness in the laying hen house, the energy cost savings
were determined to be 12.96 $/m?-year when heating with coal compared to an uninsulated
wall, and 8.32 $/m>-year when using natural gas. The payback period for insulation in laying
hen houses is 1.8 years when heating is done with coal, and 2 years when natural gas is used.
The study concludes that, given the ever-increasing energy costs, determining the optimum
insulation thickness in buildings is extremely important. Furthermore, this will contribute to
enterprises reducing the share of heating in its production costs.

Keywords: Heating requirement, degree-day method, energy saving, optimum insulation thickness.
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ABSTRACT

Within the agricultural sector, a large portion of the energy required per unit area is generated
in greenhouse operations. In greenhouses where off-season cultivation is practiced, a significant
portion of this energy is used for heating. This study investigated the possibility of meeting the
heat energy requirements of a greenhouse using biogas derived from animal manure. First, the
heat requirement was calculated as 962,880.0 kWh/year and 66,2592.0 kWh/year, respectively,
with and without a thermal curtain, when the indoor temperatures in the greenhouse are
maintained at 16/21°C night and day. Accordingly, it was determined that the use of a heat
curtain would reduce the required heat energy by 31.2%. Subsequently, the biogas and
electricity energy potential that a farm with 100 dairy cows could produce was determined. The
amount of methane that can be obtained from animal manure is calculated as 40670.9 m?-
CHy/year, the energy value that can be produced is 406709.1 kWh/year, and the electrical energy
value is 142348.2 kWh/year. The amount of CO> that can be prevented from being released into
the atmosphere with the electrical energy that can be obtained using this method has been
determined to be 82561.9 kg/year. Accordingly, it has been determined that a portion of the
energy required in the greenhouse during the cold days of the year can be met with biogas
energy. During periods of higher temperatures, the excess biogas can be converted into
electricity and used for mechanical ventilation, cooling, irrigation, and lighting in the
greenhouse. The results show that energy derived from animal manure is an important resource

in terms of being an alternative to fossil fuels and reducing carbon dioxide emissions.

Keywords: Greenhouse, animal manure, biogas generation, energy recovery.
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ABSTRACT

Football (soccer) is a sport where running of varying intensity, distance, and direction, as well
as tactics, technique, and motor skills, are crucial. The aim of this study is to examine the effect
of certain kinematic data on goals scored and conceded in football. A correlational survey model
was used in the study. The sample consisted of data obtained from 23 matches played by the
Super League Youth Academy U19 (PAF) age group during the 2025-2026 season. The data
comprised eight different data points provided by the Statsports Apex device attached to the
players before the matches. IBM SPSS 25.0 for Windows Statistical Package Program was used
for the statistical analysis of the data. Pearson correlation analysis was used as a correlation test,
and the significance level was tested at p<0.05. The study revealed a statistically significant
positive correlation (p=0.03) between the number of goals scored and the number of sprints
(43%), and a statistically significant positive correlation (p=0.02) between the number of goals
scored and the distance of sprints (47%). In football, the time spent in high-intensity exercise
zones and anaerobic capacity are directly related to offensive effectiveness. Accordingly, it can
be recommended that footballers implement high-intensity interval training to increase their
sprint count and distance training capacity, small-sided games in technical-tactical training that
increase the intensity of sprint count and distance, repeated sprint exercises, and anaerobic

endurance training programs to improve lactate tolerance.

Keywords: Soccer; Kinematics; Goals scored; Sprint; Sprint Distance
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FUTBOLDA YUKSEK SIDDET ICEREN KINEMATIK VERILERIN ATILAN GOLE
ETKISININ INCELENMESI

OZET

Futbol, farkli siddet, mesafe ve yonlerde kosularin yani sira, taktik, teknik ve motorik
becerilerin belirleyici oldugu bir spor dalidir. Bu ¢alismanin amaci futbolda baz1 kinematik
verilerin atilan gol, yenilen gol etkisinin incelenmesidir. Arastirmada iliskisel tarama modeli
kullanilmistir. Arastirmanin 6rneklemini Stiper Lig Altyapist U19 (PAF) yas grubunun 2025-
2026 Sezonunda oynadig1 23 miisabakadan elde edilen veriler olusturmustur. Veriler miisabaka
oncesi futbolculara takilan Statsports Apex cihazimin sagladigi sekiz farkli verilerden
olusmaktadir. Verilerin istatistiksel analizi icin IBM SPSS 25.0 for Windows Istatistiksel Paket
Programi kullanilmustir. Iliski testlerinden pearson korelasyon analizi kullanilmis ve anlamlilik
degeri p<0.05 ile test edilmistir. Arastirma sonucunda atilan gol ile sprint sayis1 arasinda %43
pozitif yonlii istatistiksel olarak anlamli (p=0.03) iliski, atilan gol ile sprint mesafesi arasinda
%47 pozitif yonlii istatistiksel olarak anlamli (p=0.02) iligki tespit edilmistir. Futbolda yiiksek
yogunluklu egzersiz bolgelerinde gecirilen siire ve anaerobik kapasite hiicum etkinligiyle
dogrudan iligkilidir. Bu dogrultuda, futbolculara sprint sayisi1 ve sprint mesafesi antrenman
kapasitelerini artirmaya yonelik yliksek yogunluklu interval antrenmanlar, teknik-taktik
antrenmanlarda sprint sayis1 ve sprint mesafesi yogunlugunu artiran kiigiik alan oyunlari,
tekrarlt sprint caligmalar1 ve laktat toleransini artirmaya yonelik anaerobik dayaniklilik

antrenman programlar1 uygulamalar1 6nerilebilir.

Anahtar Kelimeler: Futbol; Kinematik; Atilan Gol; Sprint; Sprint Mesafesi.
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ABSTRACT

Land consolidation is a multi-purpose rural planning tool that enables the creation of suitable
parcel shapes for agricultural production from scattered and fragmented lands, and the provision
of services such as irrigation, field roads, and drainage. Land consolidation efforts aim to bring
farm sizes to "sufficient income farm sizes," and if possible, to "optimum farm sizes." Alanya
district of Antalya province, which stands out with its semi-tropical climate advantage in
Tiirkiye, has been experiencing a transformation and development from traditional agriculture
to high value-added tropical fruit production in recent years. Within the scope of this study, the
concepts of minimum and sufficient income agricultural land size, as defined within the
framework of the Soil Protection and Land Use Law No. 5403, are examined; and agricultural

reports published in the region are used for evaluation purposes.

The aim of this study is to evaluate the current structure of agricultural lands in Alanya in terms
of sufficient income agricultural land size and to investigate the current situation. In this
context, existing reports prepared for Alanya, literature studies, and laws regarding sufficient
and optimum farm sizes have been examined. In Alanya, the average number of plots per farm
is 10, and the average plot size is approximately 4 decares. This increases fuel and labor costs,

and urbanization necessitates the modernization of irrigation systems.

Keywords: Alanya, tropical fruits, sufficient income farm size
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YETER GELIRLI TARIMSAL ARAZI BUYUKLUGUNUN INCELENMESIi: ALANYA
ORNEGI
OZET

Arazi toplulastirmasi, daginik ve pargali arazilerin tarimsal iiretime uygun parsel sekillerinin
olusturulmasi ile sulama- tarla i¢i yol, drenaj gibi hizmetlerin verilmesini saglayan ¢ok amacli
bir kirsal planlama aracidir. Arazi toplulastirma c¢aligmalari ile isletme biiyiikliiklerinin “yeter
gelir isletme biiyiikliiklerine”, miimkiinse “optimum isletme biiyiikliiklerine” getirilmesi
istenen bir durumdur. Tiirkiye’nin yar1 tropik iklim avantajiyla 6ne ¢ikan Antalya ili Alanya
ilgesi, son yillarda geleneksel tarimdan katma degeri yiiksek tropikal meyve liretimine dogru
bir doniisiim ve gelisim yasamaktadir. Calisma kapsaminda, 5403 sayili Toprak Koruma ve
Arazi Kullanimi Kanunu c¢ergevesinde tanimlanan asgari ve yeter gelirli tarimsal arazi
biiytlikliigii kavramlar1 incelenerek; bolgede yayimlanan tarimsal raporlar degerlendirme

amacityla kullanilmastir.

Bu ¢alismanin amaci, Alanya’daki tarim arazilerinin mevcut yapisin yeter gelirli tarimsal arazi
biiyiikliigii acisindan degerlendirerek, mevcut durumu arastirmayi planlamaktir. Bu kapsamda
mevcut Alanya i¢in hazirlanan raporlar, literatiir c¢alismalari, yeter ve optimum isletme
biiyiikliikleri hakkinda kanunlar incelenmistir. Alanya’da isletme basina diisen ortalama parsel
sayisinin 10, ortalama parsel biiyilikliigiiniin ise yaklasik 4 da oldugu, bunun yakit ve is¢ilik
maliyetlerini artirdig1 ve kentlesme nedeniyle sulama sistemlerinin modernizasyona ihtiyaci

belirlenmistir.

Anahtar Kelimeler: Alanya, tropikal meyveler, yeter gelir igletme biiyiikligii
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ABSTRACT

Expectations from healthcare services are evolving, with an increasing interest in person-
centered and holistic approaches. In this context, Traditional and Complementary Medicine
(TCM) applications have gained a significant position in healthcare. This study aimed to
examine the knowledge, attitudes, and behaviors of patients applying to a TCM practice center
in a training and research hospital and to evaluate the clinical impact of these interventions on
pain levels. This cross-sectional study was conducted between November 2023 and February
2024 with 200 voluntary participants aged 18—75. Data were collected using a personal
information form, the Attitudes Toward Using Complementary Therapies Scale (ATCTS), and
the Visual Analog Scale (VAS) to measure pain intensity. Statistical analyses were performed
using Jamovi (v 2.6.25). The mean age of the participants was 49.5+11.7 years, and 62% were
female. Wet cupping (66%) was the most preferred application. Among first-time TCM users,
wet cupping was predominantly chosen (74.5%). While 58% of participants perceived TCM as
a supplementary method, 76.5% stated that their primary reason for choosing this center was
that the procedures were performed by a physician. The mean ATCTS score was 23.9+5.1.
Analysis revealed that patients planned for wet cupping had significantly higher attitude scores
than those planned for prolotherapy (p=0.04). Perceptions toward TCM significantly influenced
scale scores (p=0.012). Clinical evaluation showed a statistically significant reduction in pain
intensity across all TCM modalities; the median VAS score significantly decreased from 5 (pre-
treatment) to 3 (post-treatment) (p=0.001). Furthermore, hirudotherapy and wet cupping
provided significantly higher benefit levels compared to prolotherapy (p=0.004 and p=0.043,
respectively). The findings indicate increasing public awareness of TCM and demonstrate that
individuals derive significant clinical benefits from these methods. These results provide critical
evidence for the safe, effective, and evidence-based integration of TCM into mainstream
healthcare services.

Keywords: Complementary therapies, medicine traditional, health knowledge, attitudes, practice.

103



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

CONFIDENTIALITY, THERAPEUTIC RELATIONSHIP, AND
SUSTAINABILITY IN DIGITAL PSYCHIATRY: A CURRENT
LITERATURE REVIEW

Candan TERZiOGLU'*, Eda KES ?
! Alanya Aladdin Keykubat University, Faculty of Health Sciences, Department of Nursing, Antalya, Tiirkiye
ORCID: https://orcid.org/0000-0002-0693-4096

E-mail: candan.terzioglu@alanya.edu.tr

2 Bartin University, Faculty of Health Sciences, Department of Nursing, Bartin, Tiirkiye
ORCID: https://orcid.org/0000-0001-8437-5229
E-mail: ekes@bartin.edu.tr
* Corresponding Author: Candan TERZIOGLU

E-mail: candan.terzioglu@alanya.edu.tr

ABSTRACT

Digitalization offers significant opportunities in mental health services by increasing access, facilitating
monitoring processes, and supporting continuity of care. However, the widespread adoption of digital psychiatry
is not merely a technical transformation, but also a multidimensional shift with clinical, ethical, and societal
consequences. The aim of this review is to discuss the risks emerging in digital psychiatry, particularly in relation
to confidentiality, the therapeutic relationship, and sustainability, in light of the current literature. The literature
indicates that sensitive data collected through digital mental health applications are often processed through
insufficiently transparent consent procedures and remain vulnerable in terms of data sharing and cybersecurity.
Furthermore, reduced face-to-face contact may weaken the therapeutic alliance by limiting the assessment of
affect, body language, and other clinical nuances. This may particularly affect the quality of care for individuals
with severe mental disorders. In addition, the sustainability of digital solutions depends not only on technological
infrastructure, but also on ethical governance, clinician training, cultural sensitivity, and levels of digital literacy.
Socioeconomic inequalities and the digital divide mean that these services are often not equally accessible to all,
but instead remain selectively available. In conclusion, while digital psychiatry 1S a powerful tool for supporting
mental health services, it should be understood as a model that complements rather than replaces human
interaction. Without safeguarding clinical trust, patient confidentiality, and the long-term sustainability of care,
digitalization is unlikely to fully realize its expected benefits in mental health services. Within this framework,
future applications should be developed through an approach that is ethically grounded, culturally sensitive, and

committed to maintaining clinical quality.

Keywords: Digital psychiatry, confidentiality, therapeutic relationship, sustainability, mental health
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DIJITAL PSIKIYATRIDE GIZLILIK, TERAPOTIK ILiSKi VE SURDURULEBILIRLIK:
GUNCEL LITERATURE DAYALI BiR DEGERLENDIRME

OZET

Dijitallesme, ruh sagligi hizmetlerinde erisimi artirma, izlem siireclerini kolaylastirma ve bakim stirekliligini
destekleme agisindan 6nemli firsatlar sunmaktadir. Bununla birlikte, dijital psikiyatrinin yayginlagsmasi yalnizca
teknik bir doniisiim degil, ayn1 zamanda klinik, etik ve toplumsal sonuglar1 olan ¢ok boyutlu bir degisim alanidir.
Bu derlemenin amaci, dijital psikiyatride 6zellikle gizlilik, terapotik iliski ve siirdiiriilebilirlik ekseninde ortaya
¢ikan riskleri giincel literatiir 1s181nda tartismaktir. Literatiir, dijital ruh sagligi uygulamalarinda toplanan hassas
verilerin yeterince seffaf olmayan onam siiregleriyle islendigini, veri paylagimi ve siber giivenlik agisindan dnemli
kirilganliklar tasidigini gostermektedir. Ayrica yiiz yiize temasin azalmasi; duygulanim, beden dili ve klinik
niianslarin degerlendirilmesini giiglestirerek terapotik ittifaki zayiflatabilmektedir. Bu durum 6zellikle agir ruhsal
bozuklugu olan bireylerde bakim kalitesini etkileyebilmektedir. Ote yandan dijital ¢dziimlerin siirdiiriilebilirligi
yalnizca teknolojik altyapiya degil, etik yonetisim, klinisyen egitimi, kiiltiirel duyarlilik ve dijital okuryazarlik
diizeyine de baglidir. Sosyoekonomik esitsizlikler ve dijital ugurum, bu hizmetlerin herkese esit degil, gogu zaman
secici bigimde ulagsmasina yol agmaktadir. Sonug olarak dijital psikiyatri, ruh sagligi hizmetlerini destekleyen
gliclii bir arag olmakla birlikte, insan iligkisinin yerini alan degil, onu tamamlayan bir model ig¢inde ele alinmalidir.
Klinik giiven, hasta mahremiyeti ve hizmetin uzun dénemli siirdiiriilebilirligi korunmadan dijitallesmenin ruh
sagligi alaninda beklenen yarari tam olarak saglayamayacagi diisiiniilmektedir. Bu cergevede gelecekteki
uygulamalarn etik ilkelere dayal, kiiltiirel agidan duyarl ve klinik kaliteyi dnceleyen bir yaklasimla gelistirilmesi

gerekmektedir.
Anahtar Kelimeler: Dijital psikiyatri, gizlilik, terapétik iligki, siirdiiriilebilirlik, ruh saglig

INTRODUCTION

Mental health services have undergone a significant transformation in recent years with the
rapid development of digital technologies. Telepsychiatry, mobile mental health applications,
online psychotherapy platforms, digital monitoring tools, artificial intelligence—supported
decision systems, chatbots, and digital phenotyping are among the main components of this
transformation. Digital psychiatry has the potential to improve access to services, reduce
geographical barriers, provide alternative channels for individuals who avoid seeking help due
to stigma, and support continuity in treatment monitoring (Torous et al., 2021; Volpe et al.,

2026).

Moreover, psychiatry differs from many other medical disciplines in that it relies heavily on
interpersonal relationships, the understanding of subjective experiences, nonverbal cues,

contextual assessment, and the quality of the therapeutic alliance. Therefore, transferring mental
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health services to digital environments does not merely represent a change in the mode of
service delivery; it also brings the nature of clinical assessment, the boundaries of the patient—
physician relationship, concepts of privacy, professional responsibilities, and the sustainability

of care back into discussion.

Volpe et al. (2026) state that digital psychiatry entails clinical, ethical, sociocultural,
technological, and regulatory risks, and that these risks should be considered in terms of patient
safety, quality of care, and professional standards. The most frequently discussed areas of
concern in digital mental health practices include the protection of sensitive data, transparent
informed consent processes, algorithmic bias, digital inequality, lack of clinical oversight, and
weakening of the therapeutic relationship (Char et al., 2018; Huckvale et al., 2019; Martinez-
Martin & Kreitmair, 2018; Wykes et al., 2019).

This study evaluates digital psychiatry through the foundations of confidentiality, the
therapeutic relationship, and sustainability. These three domains are fundamental not only for
determining the technical success of digital mental health practices, but also for establishing

their ethical validity, clinical reliability, and long-term applicability.
MATERIALS AND METHODS

This study is a review that aims to evaluate the risks of digital psychiatry discussed in the current
literature. The objective of the study is to discuss the dimensions of confidentiality, the
therapeutic relationship, and sustainability in digital psychiatry practices from clinical and

ethical perspectives.

In this review, current studies that are directly relevant to the topic and contribute to the
discussion were taken as the basis. These studies were related to the concepts of digital
psychiatry, digital mental health, telepsychiatry, mobile mental health applications, privacy,
informed consent, therapeutic alliance, digital phenotyping, artificial intelligence, machine
learning, digital health literacy, and sustainable care. This text does not claim to be a systematic

review; rather, it aims to provide a critical and integrative evaluation of the existing literature.
Opportunities Provided by Digital Psychiatry

Digital psychiatry has the potential to offer solutions to certain structural problems currently
present in mental health services. Geographical distance, shortage of specialists, economic

difficulties, stigma, transportation problems, and long waiting times are important barriers to
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accessing mental health care. Telepsychiatry and online mental health applications may increase
accessibility, particularly for individuals living in rural areas, those with limited mobility, those
who have difficulty attending regular appointments due to demanding working conditions, or
those who are concerned about stigma associated with face-to-face psychiatric consultation

(Torous et al., 2021).

Mobile applications and digital monitoring tools may enable more continuous data collection
in areas such as mood changes, sleep patterns, physical activity, social interaction, medication
adherence, and symptom severity. Oudin et al. (2023) state that digital phenotyping may allow
data-driven inferences about mental state based on an individual’s digital behavioral patterns.
This approach may offer important opportunities for early warning systems, monitoring relapse

risk, and developing personalized interventions.

However, these opportunities should not be evaluated solely in terms of technical capacity. The
clinical benefit of digital tools should be considered together with scientific validity, patient
safety, data security, clinical oversight, patient autonomy, and ethical responsibility. Otherwise,
digitalization may create new vulnerabilities and inequalities rather than improving the quality

of care.
Confidentiality, Privacy, and Data Security

In psychiatric practice, confidentiality is not merely a legal obligation, but one of the
fundamental conditions of the therapeutic relationship. Information concerning mental
disorders constitutes sensitive data that may lead to consequences such as stigma,
discrimination, social exclusion, disadvantages in professional life, and family-related
problems. Therefore, in digital mental health practices, the nature of the data collected, how
they are stored, their sharing with third parties, their commercial use, and the extent to which

these processes are understood by users are of particular importance.

In their study evaluating data-sharing and privacy practices in depression and smoking cessation
applications, Huckvale et al. (2019) demonstrated that many applications were not sufficiently
transparent regarding the sharing of user data with third parties. This finding indicates that the
mere existence of a privacy policy in digital mental health applications is not sufficient; such
policies must also be understandable, accessible, transparent, and consistent with actual

practices.
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Informed consent is another important ethical issue in digital psychiatry. In traditional clinical
settings, consent is based on a reciprocal process between the patient and the clinician involving
explanation, understanding, and the opportunity to ask questions. In digital platforms, however,
consent is often obtained through terms of use that are lengthy, technical, legally complex, and
frequently accepted without being read by the user. Martinez-Martin and Kreitmair (2018) note
that the lack of sufficient clarity in accountability, data protection, and consent processes in

direct-to-consumer digital psychotherapy applications gives rise to significant ethical concerns.

Wykes et al. (2019) emphasize that ethical standards in digital mental health applications should
not be limited to privacy alone, but should also include the principles of safety, effectiveness,
user benefit, non-maleficence, transparency, and responsibility. This perspective suggests that
ethical evaluation in digital psychiatry should begin not after an application has been released,

but from the design stage onward.

The issue of confidentiality in digital psychiatry is not limited solely to the risk of data breaches.
The use of collected data for commercial purposes, their transfer to advertising algorithms, risks
of insurance- or employer-based discrimination, their potential accessibility in legal
proceedings, and users’ inability to foresee these possibilities must also be taken into account.
In particular, mood records, suicidal thoughts, sleep data, location information, patterns of
social interaction, and behavioral digital traces may allow highly sensitive inferences to be
made about an individual’s mental state. Therefore, in the clinical use of digital mental health
tools, data minimization, explicit consent, comprehensible privacy policies, strong
cybersecurity measures, independent ethical oversight, and regular updates should be adopted

as fundamental principles.
Artificial Intelligence, Algorithmic Bias, and Accountability

Artificial intelligence- and machine learning—based tools have increasingly become a central
part of current discussions in digital psychiatry. These tools can be used in areas such as
screening, risk classification, symptom monitoring, crisis prediction, treatment
recommendation, and clinical decision support. However, the clinical use of machine learning

systems may give rise to significant ethical concerns.

Char et al. (2018) emphasize that the ethical issues involved in the implementation of machine

learning in health care are not limited to data security alone; algorithmic bias, transparency,
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clinical responsibility, and accountability are also of fundamental importance. If algorithms are
trained on limited, homogeneous datasets or on datasets that do not adequately represent certain
groups, the resulting models may produce more inaccurate outcomes for minority groups, in
different cultural contexts, or among individuals with complex clinical presentations. This may

increase the risk of “diagnostic injustice” in digital psychiatry.

Psychiatric assessment is not based solely on the numerical classification of symptoms. A
person’s life history, cultural context, relational patterns, traumatic experiences, social
conditions, and affective cues observed during the clinical interview are also incorporated into
the evaluation. Therefore, it would not be appropriate for artificial intelligence systems to
replace human clinicians in areas that require clinical intuition, ethical responsibility, and
contextual interpretation. The safest way to use these tools is to position them not as systems
that automatically determine clinical decisions, but as auxiliary tools that support the clinician’s

assessment.
Digital Phenotyping and Continuous Monitoring

Digital phenotyping is an approach that aims to make inferences about an individual’s mental
state through data obtained from smartphones, wearable technologies, and online behaviors.
This model has the potential to develop early warning systems, particularly in areas such as
mood disorders, psychotic disorders, and suicide risk. Oudin et al. (2023) state that digital
phenotyping may create new opportunities for treatment and monitoring in psychiatry;
however, they also note that this approach carries the risk of weakening the fundamental human

element of psychotherapy.

Continuous monitoring may be clinically useful, but it may also create a psychological burden.
The feeling of being constantly monitored may increase anxiety in some individuals, lead to
excessive preoccupation with illness, or undermine their perception of privacy. In addition, it
should be clearly defined which data are clinically meaningful, how false-positive alerts will be
managed, who will be responsible when a crisis signal is generated, and how long these data

will be stored.

Therefore, digital phenotyping should be considered not merely as a technological opportunity,
but as a field of practice with clearly defined ethical and clinical boundaries. Patients should be

informed in an understandable manner about which data are collected, for what purposes these
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data are used, with whom they may be shared, and how they can withdraw from this process

whenever they wish.
Therapeutic Relationship and Risks in Clinical Assessment

In psychiatry, the therapeutic relationship is not merely an accompanying element of treatment,
but one of the core components that directly determines treatment effectiveness. The patient’s
feeling of being understood, the establishment of a relationship of trust, the ability to express
emotions, and participation in the treatment process are closely related to the therapeutic
alliance. Although digital platforms do not completely eliminate this relationship, they may

alter its form, intensity, and depth.

In face-to-face interviews, the clinician evaluates multiple clinical cues together, including body
language, eye contact, psychomotor activity, subtle aspects of affect, rhythm of speech, pauses,
environmental context, and relational transference during the interview. Some of these cues
may be preserved in video consultations; however, connection problems, image quality, screen-
mediated communication, the inability to control the patient’s environment, and privacy
concerns may affect the quality of clinical assessment. In text-based or asynchronous

applications, these limitations may become even more pronounced.

Volpe et al. (2026) emphasize that if digital platforms become overly dependent on symptom
checklists and structured inputs, they may carry the risk of simplifying the complexity of
psychiatric conditions. Psychiatric diagnosis is not merely the sum of symptoms; context,
history, cultural meaning, interpersonal functioning, and clinical intuition are also part of the
assessment process. Therefore, while digital tools may be useful in assuming a supportive role

in diagnosis and monitoring, their use as substitutes for clinicians may lead to clinical errors.

Chatbots and artificial intelligence—supported platforms may facilitate access and provide
psychoeducation for some users. However, these tools cannot replace the empathic, contextual,
and ethically responsible position of the human clinician. Particularly in clinical conditions such
as suicide risk, psychotic symptoms, complex trauma history, substance use, severe depression,
or severe personality organization, interventions based solely on digital tools may remain
insufficient. Therefore, digital psychiatry should be designed as a complementary model of care

that does not reduce human contact, but strengthens it when needed.
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Patient Autonomy and the Right to Choose the Mode of Service

One important dimension of the ethical debate in digital psychiatry is patient autonomy.
Although the ability of digital services to increase access is valuable, patients should be able to
make realistic and informed choices between digital and face-to-face service options. Trachsel
and Sedlakova (2022) emphasize the ethical importance of the patient’s autonomous choice

between telepsychiatry and face-to-face treatment.

While some patients may find digital consultations more accessible and comfortable, others
may need the reassuring quality of an in-person therapeutic relationship. Particularly in cases
of severe mental disorders, cognitive limitations, situations in which privacy cannot be ensured
in the home environment, difficulties in using digital tools, or among patients who perceive
face-to-face interaction as more reliable for cultural reasons, maintaining access to face-to-face
services is an ethical necessity. In this context, the ideal model is a blended care approach in
which digital and face-to-face services do not exclude one another, but are integrated according

to the patient’s clinical needs.
Digital Inequality and Digital Health Literacy

One of the most important risks of digital psychiatry is the possibility that it may reproduce
existing inequalities in health care rather than reduce them. The fact that digital services are
theoretically available to everyone does not mean that everyone can benefit from these services
equally. Internet access, device ownership, digital skills, health literacy, age, income level,
education, language, and cultural context are important factors that determine the capacity to

benefit from digital services.

Strudwick et al. (2026) state that digital mental health technologies are becoming increasingly
embedded in routine psychiatric care; however, patients, clinicians, and health systems do not
always have the necessary skills and confidence to use these tools safely and effectively. Even
when individuals with severe mental illness own digital devices, deficiencies in basic digital
skills may persist. With the expansion of digital services, this situation may lead to further

exclusion of certain patient groups from the care system.

Therefore, sustainability in digital psychiatry is possible not only through access to technology,
but also through the development of digital health literacy. Patients should be able to understand

how applications are used, in which situations professional help is required, how their data are
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processed, and what the limitations of digital tools are. Clinicians, in turn, should be able to
evaluate the reliability of these tools, their suitability for the target patient group, and the

patient’s level of digital competence when prescribing or recommending digital tools.
Cultural Sensitivity and Clinical Adaptation

A significant proportion of digital mental health tools are built upon Western-centered
assessment models, linguistic assumptions, and cultural norms. However, the ways in which
psychological distress is expressed, help-seeking behaviors, family and community
relationships, perceptions of privacy, and the meanings attributed to treatment may vary across
cultures. If standardized digital tools overlook these differences, the risk of misassessment or

inadequate intervention may increase.

For digital psychiatry to be culturally safe, translation alone is not sufficient. Content should be
adapted to the local cultural context, user feedback should be obtained, different socioeconomic
groups should be involved in the design process, and clinical assessment tools should be tested
for cultural validity. Otherwise, rather than universalizing mental health services, digitalization
may turn into a structure that is more suitable for certain groups while becoming more

exclusionary for others.
Sustainability: Clinical, Ethical, and Institutional Dimensions

The sustainability of digital psychiatry does not depend solely on the technical functionality of
platforms. Sustainability requires the combined assurance of clinical effectiveness, ethical
reliability, economic feasibility, user acceptance, regulatory oversight, and professional
integration. The fact that an application increases access in the short term does not necessarily

mean that it is safe and effective in the long term.

For digital mental health tools to be used sustainably, their scientific validity must first be
demonstrated. Applications that are not evidence-based, not regularly updated, or not subject to
clinical oversight may pose risks to patient safety. In addition, how these applications will be
integrated into the care system, who will be responsible in emergencies, who will monitor the

data, and how the data will be transferred to clinicians should be clearly defined.

The ethical standards approach emphasized by Wykes et al. (2019) indicates that digital mental
health applications should not be left solely to the initiative of technology companies. Clinical

experts, ethicists, patient representatives, software developers, legal professionals, and
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policymakers should work together. Without such interdisciplinary collaboration, it is difficult

for digital psychiatry to develop in a reliable and sustainable manner.

Clinician training is one of the important components of sustainability. Psychiatrists and mental
health professionals should know not only how to use digital tools technically, but also the
limitations of these tools, their ethical risks, the dimensions of data security, and how they
should be integrated into clinical decision-making processes. Similarly, patients should be
informed about what digital applications can provide, in which situations they may remain

insufficient, and how their data will be used.
DISCUSSION

Digital psychiatry is becoming an inevitable component of contemporary mental health
services. However, the rapid expansion of this transformation does not necessarily mean that
the ethical and clinical framework is developing at the same pace. The main warning
highlighted in the literature is that the potential benefits of digital tools become meaningful only
when accompanied by careful regulation, clinical oversight, data security, cultural sensitivity,
and digital literacy (Char et al., 2018; Martinez-Martin & Kreitmair, 2018; Strudwick et al.,
2026; Wykes et al., 2019).

In this context, three fundamental balances should be considered in digital psychiatry practices.
The first is the balance between access and quality. Digital tools may facilitate access to
services; however, this convenience should not reduce the quality of clinical assessment. The
second is the balance between innovation and safety. The use of new technologies may be
encouraged; nevertheless, scientific validity, privacy, data security, and patient safety should
not be relegated to a secondary position. The third is the balance between automation and human
relationship. Artificial intelligence and digital systems may support clinical processes; however,

they should not replace the human relationship at the center of psychiatric care.

The future of digital psychiatry will depend not so much on how advanced the technology
becomes, but on the ethical principles, clinical standards, and sense of social responsibility with
which this technology is used. Therefore, digitalization should not be regarded simply as an
inevitable progress in mental health services, but as a clinical and ethical transformation that

must be carefully managed.
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CONCLUSION

Digital psychiatry offers important opportunities for increasing access to mental health services,
strengthening continuity of care, and improving the possibilities for personalized care.
However, these opportunities cannot be evaluated without considering the risks that emerge in
the areas of confidentiality, the therapeutic relationship, and sustainability. The protection of
sensitive mental health data, the establishment of transparent informed consent processes, the
maintenance of the therapeutic alliance, the prevention of algorithmic bias, the reduction of
digital inequalities, and the assurance of cultural sensitivity are fundamental conditions for the

ethical and clinical validity of digital psychiatry.

In this regard, digital mental health applications should be evaluated in terms of scientific
validity and data security; patients should be offered the opportunity to make autonomous
choices between digital and face-to-face services; clinicians should be trained on the ethical,
technical, and clinical limitations of digital tools; and digital health literacy programs should be
developed in a way that includes vulnerable groups in particular. In addition, applications of
artificial intelligence, machine learning, and digital phenotyping should be positioned as
supportive tools in clinical decision-making processes, rather than being presented as

independent treatment models that replace human interaction.

In conclusion, digital psychiatry should be developed not as a substitute model that weakens
human contact, but as a complementary model of care that is bounded by ethical principles and
integrated with clinical quality. Without preserving clinical trust, patient privacy, and long-term
sustainability, it does not seem possible for digitalization to fully provide the expected benefits

in the field of mental health.
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ABSTRACT

The purpose of this study is to systematically examine graduate theses conducted in the field of life kinetics in
Tiirkiye. The study was designed within a qualitative research framework and employed document analysis as the
primary data collection method, along with content analysis as the analytical technique. As a result of the literature
review, a total of 52 master’s and doctoral theses related to life kinetics in Tiirkiye were identified. However, in
order to ensure homogeneity and increase the generalizability of the findings, the sample was limited to 41 theses
focusing on children with typical development. The theses were analyzed with respect to type, year of publication,
university, institute, department, developmental domains, and study group characteristics. The findings revealed
that the majority of the theses were conducted at the master’s level. In terms of publication year, the highest
concentration of theses was observed in 2024. Mersin University was identified as the leading institution in terms
of thesis production, while the Institute of Health Sciences and the Department of Physical Education and Sports
emerged as the most prominent institute and department, respectively. With regard to research methodology, all
of the examined theses employed qualitative research methods. In terms of developmental domains addressed
within the scope of life kinetics, motor and cognitive development were found to be the most frequently studied
areas. Furthermore, the findings indicated that the studies predominantly focused on children aged between 10 and
14 years. In conclusion, it is suggested that future research should expand into diverse fields and place greater
emphasis on different developmental domains, particularly within the context of early childhood. Such efforts are
expected to make substantial contributions to both child development and the existing body of literature.
Keywords: Life kinetics, Brain-based movement exercises, Children.

TURKIYE’DE LIFE KINETIK ALANINDA YAPILMIS LISANSUSTU TEZLERIN

INCELENMESI
OZET
Bu galigmanin amaci, Life Kinetik alaninda Tiirkiye’de yapilan lisansiistii tezlerin incelenmesidir. Nitel bir desenle
yiiriitlilen arastirmada dokiiman analizi yontemi ve igerik analizi teknigi kullanilmigtir. Arasgtirma kapsaminda
yapilan taramada Life Kinetik alaninda Tiirkiye’de yapilmis toplam 52 yiiksek lisans ve doktora tezine ulagilmistir.
Ancak c¢alismaya, homojenlik saglamak ve bulgularin genellenebilirligini artirmak amaciyla 6rneklemi, tipik
gelisim gosteren ¢ocuklardan olusan toplam 41 yiiksek lisans ve doktora tezi dahil edilmistir. Lisansiisti tezler
‘tiir, yayinlanan y1l, {iniversite, enstitii, anabilim dali, gelisim alanlar1 ve ¢alisma grubu’ bakimindan incelenmistir.
Aragtirma bulgulari, en ¢ok yiiksek lisans diizeyinde tez hazirlandigini, yillara gore degerlendirildiginde ise
yayinlanan yil agisindan en fazla 2024 yilinda yogunlastigin1 gostermektedir. Tez iiretiminin en fazla oldugu
iiniversite Mersin Universitesi iken, enstitiiler agisindan Saglik Bilimleri Enstitiisii; anabilim dali acisindan ise
Beden Egitimi ve Spor Anabilim Dali 6ne ¢ikmaktadir. Arastirma yontemleri agisindan, tezlerin tiimiinde nitel
aragtirma yontemi kullanilmistir. Lisansiistii tezlerin Life Kinetik ile ilgili gelisim alanlarina bakildiginda, motor
ve bilisgsel gelisim alaninda ¢aligmalar 6ne ¢ikmaktadir. Calismalarin en ¢ok yogunlastigi yas araliginin da 10-14
yas arast oldugu belirlenmistir. Sonug olarak, farkli alanlarda yapilacak ¢alismalar ve odaklanilacak geligim
alanlar1 ile okul 6ncesi donem kapsaminda yapilacak ¢alismalarin, gocuk gelisimine ve alanyazina dnemli katkilar
saglayacag disiiniilmektedir.
Anahtar Kelimeler: Life kinetik, Kinetik beyin egzersizleri, Cocuk.
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GIRIS

Horst Lutz tarafindan 2008 yilinda gelistirilen Life Kinetik, fiziksel hareketleri zihinsel
zorluklarla birlestiren, yiiksek konsantrasyon ve alg1 becerilerine odaklanan yenilik¢i bir egitim
programidir. Temel prensibi, capraz el hareketleri, adimlama veya bilissel komutlar gibi bir
hareket becerisi tam olarak dgrenilmeden hemen bir {ist seviyedeki karmagik gorevlerle yer
degistirerek beyni siirekli yeni durumlara uyum saglamaya zorlamaktir. Engelleyici kontrol
mekanizmasini tetikleyen ve dogal hareket diirtiilerinin aksine tepki vermeyi gerektiren bu
egzersizler ile gorsel alginin, koordinasyonun ve biligsel esnekligin arttirilmasi hedeflenir
(Griinke, 2011). Ozellikle tipik gelisim gosteren gocuklarda, fiziksel yorgunluktan ziyade
zihinsel yorgunlugu hedefleyen Life Kinetik ile beynin farkli bolgeleri arasindaki baglantilarin
artt1g1; bunun sonucunda ¢ocuklarin hem denge ve koordinasyon gibi motor becerilerinde hem
de dikkat, hafiza ve problem ¢6zme gibi bilissel islevlerinde ilerleme saglandig1 bilinmektedir
(Vural, 2016; Biiytiktas, 2021; Cimen, 2021; Kurt, 2022; Yilmaz, 2022; Aktas, 2023; Benlikara,
2023; Tapsin, 2023; Aydin, 2024; Boyanmis, 2024; Gokbel, 2024; Koyun, 2024; Sirin, 2024;
Tas, 2024; Toraydin, 2025; Yilmaz, 2025). Nitekim, bu ¢alismanin bulgular1 da alanyazindaki
bu egilimi yansitarak Tiirkiye'de Life Kinetik alaninda yapilan lisansiistii ¢aligmalarin tipik
gelisim gosteren ¢ocuklarda en ¢ok motor ve biligsel gelisim alanlarina odaklandigini ortaya

koymaktadir.

Tiirkiye'de o6zellikle 2024 yilina gelindiginde Life Kinetik alanindaki lisansiistii tezlerde bir
yogunlagsma oldugu goriilmektedir. Bu durumda Life Kinetik alaninin giderek artan bir ilgi alan1
oldugu sdylenebilir. Konu ile ilgili caligmalarin sayis1 artmasina ragmen, bu verileri bir araya
getiren ve genel tabloyu ortaya koyan sistematik bir degerlendirmenin olmamasi alanyazin
acisindan Onemli bir eksiklik olarak goriilmiistir. Bu baglamda, literatiirdeki heniiz
sentezlenmemis bulgular1 ortak bir paydada bulusturmak amaciyla gergeklestirilen bu ¢alisma,
mevcut eksikligi tamamlamayr hedeflemektedir. Yukaridaki bilgilerden hareketle bu

caligmanin amaci, Life Kinetik alaninda Tirkiye’de yapilan lisansiistii tezlerin incelenmesidir.
MATERYAL VE METOT

Arastirma Deseni
Bu arastirma, Tiirkiye’de Life Kinetik alaninda ¢gocuk drneklemiyle yapilmis lisansiistii tezlerin
yapisal, metodolojik ve igeriksel egilimlerini ortaya koymayir amaglayan nitel arastirma

yaklagimlarindan dokiiman analizi modeline gore tasarlanmistir. Dokiiman analizi; aragtirilmasi

117



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

hedeflenen olgu, olay veya siirecler hakkinda bilgi barindiran yazili belgelerin sistematik olarak
taranmasi, smiflandirilmasi ve analitik olarak ¢dziimlenmesi siirecini ifade eder (Creswell,
2002). Bu ¢alismada elde edilen veriler nitel bir yontem olan dokiiman incelemesi ile toplanmis,
ancak sunumunda ve genel egilimlerin somutlastirilmasinda frekans ve yiizde dagilimlari

kullanilarak betimsel istatistiklerden yararlanilmistir.

Veri Toplama Siireci

Arastirmanin verileri Yiiksekdgretim Kurulu Ulusal Tez Merkezi (YOKTEZ) veri tabam
kullanilarak toplanmistir. Veri tabaninin sunuldugu ekranda yer alan detayli arama
parametreleri yardimiyla “Life Kinetik” alaninda yapilmis, taramalar “life kinetik” ve “kinetik
beyin egzersizleri” ¢ergevesinde; aranacak alan kismi1 “tiimii” segilerek ve konunun yeni olmasi
sebebiyle herhangi bir y1l araligi1 tercih edilmeden yapilmistir. Taramanin sonucunda toplam 52
yiiksek lisans ve doktora tezine ulagilmistir.

Bu c¢alismada, sadece ¢ocuklar lizerinden yapilan tezler incelenmis, ancak gelisim siireglerinin
farkliliklar1 sebebiyle bulgularin genellenebilirligini artirmak ve veri setinde homojenligi
saglamak amaciyla 6zel gereksinimli ¢cocuklar hari¢ tutulmustur. Calisma, erisim izni olan ve
orneklemi tipik gelisim gosteren ¢ocuklari kapsayan toplam 41 lisansiistii ve doktora tezinden

olusmaktadir.

Verilerin Analizi

Inceleme kapsamina alinan yiiksek lisans ve doktora tezleri analiz kriterleri dogrultusunda
yayin inceleme formu olusturularak, tezlere iliskin olarak yayinlanan tiir, yayinlanan yil,
iniversite, enstitll, anabilim dali, gelisim alanlar1 ve ¢alisma grubu bakimindan incelenmistir.
Dokiiman analizi, arastirmada incelenen olgu veya olaylarla iliskili bilgiler iceren yazil
belgelerin ayrintili olarak taranmasi ve bu belgelerle iligkili yeni bir biitiinliik olugturulmasi
olarak adlandirilir (Creswell, 2002). Dokiiman incelemesine dayali olarak gerceklestirilen bu
arastirmada icerik analizi yontemi kullamlmstir. Icerik analizi, sozel, yazili ve diger bilimsel
caligmalarin nesnel ve sistematik bir bigimde siniflandirilmasini ve degerlendirilmesini
saglayan bir yontem olarak kabul edilmektedir (akt. Sar1giil,2020). Arastirmanin bulgular1 ise

frekans (n) ve yiizde (%) gibi betimsel istatistik teknikleri yardimiyla sunulmustur.

118



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

BULGULAR

Bu aragtirma kapsaminda elde edilen veriler yayinlanan tiir, yil, liniversite, enstitii, anabilim
dali, calisma grubu/o6rneklem, arastirma yontemi, calisma konular1 ve yontem bakimindan
incelenerek asagida sunulmustur.

Tablo 1. Lisansiistii Tezlerin Tiirline Gére Dagilim1

Tez Tiirii n %
Yiiksek Lisans 31 %75.61
Doktora 10 %24.39
Toplam 41 %100

Tablo 1 incelendiginde, yiiksek lisans (n=31, %75.61) programinda hazirlanan tez tiirlerinin
doktoraya (n=10, %24.39) oranla daha fazla oldugu goriilmektedir.

Tablo 2. Lisaniistli Tezlerin Yillara Gore Dagilimi

Yaymlandig Yil Yiiksek Lisans Doktora

n % n %
2014 1 %3.23 - -
2016 1 %3.23 - -
2017 - - 1 %10.00
2019 4 %12.90 - -
2021 2 %06.45 2 %20.00
2022 4 %12.90 1 %10.00
2023 6 %19.35 2 %20.00
2024 9 %629.03 1 %10.00
2025 4 %12.91 3 %30.00
Toplam 31 %100 10 %100

Tablo 2’ye bakildiginda, en fazla yiiksek lisans tezinin 2024 yilinda (n=9, %29.03), doktora
tezinin ise 2025 yilinda (n=3, %30) yayimlandig1 goriilmektedir. 2015, 2018 ve 2020 yillarinda

konu ile ilgili herhangi bir tezin yayimlanmamis olmasi dikkat ¢ekici bir bulgudur.

Tablo 3. Lisansiistii Tezlerin Universitelere Gére Dagilim1

Hazirlandigi Universite Yiiksek Lisans | Doktora
n % n %
Amasya Universitesi 1 %3.23 | - -
Ankara Yildirrm Beyazit Universitesi 1 %3.23 - -
Atatiirk Universitesi 1 %3.23 | - -
Bayburt Universitesi - - 1 | %10.00
Bitlis Eren Universitesi 1 %3.23 | - -
Burdur Mehmet Akif Ersoy Universitesi. 1 %3.23 1 | %10.00
Bursa Uludag Universitesi 1 %3.23 | - -
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Canakkale Onsekiz Mart Universitesi 1 %3.23 - -
Cukurova Universitesi 1 %3.23 | 1 | %10.00
Dokuz Eyliil Universitesi 1 %3.23 - -
Erzincan Binali Yildirim Universitesi 2 %6.45 | - -
Gazi Universitesi 2 %6.45 1 | %10.00
Harran Universitesi 1 %3.23 - -
Hitit Universitesi 1 %3.23 1 | %10.00
Inénii Universitesi 1 %3.23 | - -
Istanbul Arel Universitesi 1 %3.23 | - -
Istanbul Gelisim Universitesi 1 %3.23 - -
Kirsehir Ahi Evran Universitesi 1 %3.23 | - -
Kocaeli Universitesi - - 1 | %10.00
Kiitahya Dumlupinar Universitesi 1 %3.23 | 2 | %20.00
Mersin Universitesi 3 %9.68 1 | %10.00
Mugla Sitk1 Kogman Universitesi - - 1 | %10.00
Ondokuz May1s Universitesi 2 | %645 | - -
Ordu Universitesi 1 %3.23 - -
Sakarya Uygulamali Bilimler Universitesi. | 1 %3.23 | - -
Selcuk Universitesi 1 %3.23 | - -
Trabzon Universitesi 1 %323 | - -
Trakya Universitesi 1 %3.23 | - -
Van Yiiziincii Y1l Universitesi 1 %3.23 - -
Toplam 31 %100 | 10| %100

Tablo 3 incelendiginde, yiiksek lisansta Mersin Universitesi (n=3, %9.68) 6ne ¢ikarken, doktora
da Kiitahya Dumlupmar Universitesi (7=2, %20) 6ne ¢ikmaktadir.

Tablo 4. Lisansiistii Tezlerin Enstitiiye Gore Dagilimi

Enstitii Yiiksek Lisans | Doktora
n % n %
Egitim Bilimleri Enstitiisii 6 | %1935 | 2 | %20.00
Saglik Bilimleri Enstitiisii 13 | %4194 | 5 | %50.00
Sosyal Bilimler Enstitiisii 1 %3.23 - -
Lisansiistii Egitim Enstitiisii 10 | %3225 | 3 | %30.00
Kis Sporlar1 ve Spor Bilimleri Enstitiisii | 1 %3.23 - -
Toplam 31 %100 |10 | %100

Enstitii kapsaminda bakildiginda hem yiiksek lisans (n=13, %41.94) hem doktorada (n=5, %50)

yapilan ¢alismalarin en fazla Saglik Bilimleri Enstitlisii’nde yapilmis oldugu goriilmektedir.
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Tablo 5. Lisansiistii Tezlerin Anabilim Dalina Gore Dagilimi

Anabilim Dah Yiiksek Lisans | Doktora
n % n %
Antrenman ve Hareket Anabilim Dali | 3 %9.68 - -
Antrenérliilk Anabilim Dal 2 %6.45 - -
Antrendrliik Egitimi Anabilim Dali 4 %12.90 | - -
Beden Egitimi ve Spor Anabilim Dal1 | 19 | %61.29 | 10 | %100
Psikoloji Anabilim Dali 1 2%3.23 - -
Rekreasyon Egitimi Anabilim Dali 1 %3.23 - -
Rekreasyon Yonetimi Anabilim Dali | %3.23 - -
Toplam 31 %100 |10 | %100

Tablo 5°teki lisansiistii tezlerin anabilim dali dagilimina bakildiginda, yiiksek lisansta Beden
Egitimi ve Spor Bilim Dali’nin (n=19, %61.29) 6ne ¢ikt1g1, doktorada ise sadece Beden Egitimi
ve Spor Anabilim Dali kapsaminda ¢aligma (=10, %100) yapildig1 goriilmektedir.

Tablo 6. Lisansiistii Tezlerin Life Kinetik ile Iliskili Gelisim Alanlarmim Dagilim1

Gelisim Alani Yiiksek Lisans | Doktora

n % n %
Motor ve Bilissel Gelisim 12 | %38.71 | 4 | %40.00
Motor Geligim 14 | %45.16 | 1 | %10.00
Motor ve Fiziksel Gelisim 3 %9.68 - -
Motor ve Psikolojik Gelisim 2 %6.45 1 %10
Biligsel Gelisim - - 2 %20
Biligsel ve Psikolojik Gelisim - - 1 %10
Norofizyolojik, Biligsel ve Motor Geligim | - - 1 %10
Toplam 31 %100 |10 | %100

Tablo 6 incelendiginde, Life Kinetik ¢alismalarinin en ¢ok caligilan alanlarin yiiksek lisansta
motor gelisim (n=14, %45.16) ve hemen ardindan motor ve biligsel gelisim (n=12, %38.71) ,

doktorada ise motor ve bilissel gelisim (n=4, %40) alanlar1 oldugu goriilmiistiir.

Tablo 7. Lisansiistii Tezlerde Calisilan Yas Araliklar

Yas Araliklan Lisansiistii Tezler
n %
10-11 Yas 1 %2.44
10-12 yas 2 %4.88
10-14 Yas 3 %7.32
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11-12 Yas 1 %?2.44
11-13 Yas 3 %7.32
11-14 Yas 3 %7.32
12 Yas 2 %4.88
12-13 Yas 2 %4.88
12-14 Yas 2 %4.88
12-17 Yas 1 %2.44
13-15 Yas 1 %?2.44
13-17 Yas 1 %2.44
13-18 Yas 1 %?2.44
14-15 Yas 2 %4.88
14-16 Yas 1 %2.44
14-17 Yas 1 %2.44
14-19 Yas 1 %?2.44
15-18 Yas 1 %2.44
17-18 Yas 1 %2.44
6-10 Yas 2 %4.88
6-12 Yas 1 %2.44
6-9 Yas 1 %?2.44
8-12 Yas 1 %2.44
8-17 Yas 1 %2.44
9-11 Yas 1 %2.44
9-13 Yas 2 %4.88
9-16 Yas 1 %2.44
Toplam 41 %100

Tablo 7 incelendiginde, lisansiistii tezlerin farkli yas araliklar iizerinde dagilim gosterdigi
goriilmektedir. Lisansiistii tezlerin yas araliklarina bakildiginda, en fazla tercih edilen

cocuklarin 10 yas ile 14 yas araligindaki ¢cocuklar oldugu tespit edilmistir.
TARTISMA VE SONUC

Bu c¢alismanin amaci, life kinetik alaninda Tiirkiye’de yapilan lisansiistii tezlerin
incelenmesiydi. Calismalarin yiiksek lisans tezlerine oranla doktora diizeyinde oldukga yetersiz
oldugu sonucuna varilmistir (Tablo 1). Arastirmacilarin doktora tezi diizeyinde daha
derinlemesine ve uzun soluklu ¢aligsma yapmasi, bu alandaki eksikligin giderilmesine yardimci
olacaktir. Yapilan ¢aligmalarin 2024 yilinda yogunlagmasi (Tablo 2), Life Kinetik konusunun
Tiirkiye literatiirtinde heniiz ¢ok yeni oldugunu ve zaman igerisinde Life Kinetik alanina ilginin
giderek artacagini gosterir niteliktedir.

Yapilan sistematik inceleme sonucunda en fazla tezin Mersin Universitesi'nde iiretildigi

goriilmektedir (Tablo 3). Calisilan enstitii ve anabilim dali kapsaminda ise en ¢ok Saglik

122



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

Bilimleri Enstitiisii'nde (Tablo 4) ve Beden Egitimi ve Spor Anabilim Dali'nda (Tablo 5)
caligma yapildigi tespit edilmistir. Calismalarin odaklandiklar1 gelisim alanlarina bakildiginda,
en ¢ok motor ve biligsel gelisim iliskili gelisim alaninda ¢aligma yapildigi, bunu takiben motor
gelisim alaninda calismalarin oldugu dikkat ¢ekici bir bulgudur (Tablo 6). Bu durum,
Tiirkiye'de yapilan tezlerin Life Kinetik kapsaminda ¢ogunlukla bir "spor ve fiziksel aktivite"
disiplini olarak ele alindigin1 gosterir. Life Kinetik ¢alisma alani sadece spor veya fiziksel bir
aktivite degil, ayn1 zamanda biligsel esneklik, engelleyici kontrol, dikkat ve hafiza gibi bilissel
stiregleri kapsayan psikolojik ve gelisimsel ¢iktilara sahip bir ¢alisma alanidir. Life Kinetik
caligmalarinin bilissel ve psikolojik gelisime de etki etmesi sebebiyle, Egitim Bilimleri,
Psikoloji gibi anabilim dallar1 ile 6zellikle Cocuk Gelisimi bilim dalinda eksiklik oldugu
diistiniilmektedir. Farkli alanlara yonelim, eksikliklerin giderilmesi agisindan onem arz
etmektedir. Bir baska bulgu, caligmalarin en ¢ok 10 yas ile 14 yas araligina yogunlasmis
olmasidir (Tablo 7). Motor ve bilissel gelisimin en hizli oldugu, beyin plastisitesinin en yiiksek
oldugu okul 6ncesi donem kapsaminda yazilmis herhangi bir tezin olmamasi, Life Kinetik
alaninda gbéze carpan Onemli bir eksikligin varligini gostermektedir. Sonug¢ olarak, farkli
alanlarda yapilacak calismalar ve odaklanilacak gelisim alanlar1 ile okul ©6ncesi donem
kapsaminda yapilacak ¢alismalarin, ¢ocuk gelisimine ve alanyazina 6nemli katkilar saglayacagi

diistiniilmektedir.
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ABSTRACT

The imperative to decarbonize heavy industries is at the forefront of the European Green Deal’s net-zero
agenda. Accounting for approximately 8% of global anthropogenic CO: emissions, the cement sector remains one
of the most challenging, yet critical, industries to transform. This study critically analyzes the role, economic
viability, and inherent limitations of energy efficiency measures within the European cement manufacturing
landscape. By evaluating various efficiency scenarios, the research assesses near-term electricity and fuel saving
potentials alongside their corresponding emission reduction rates. The findings indicate that retrofitting existing
facilities with modern interventions—such as waste heat recovery systems, high-efficiency grinding mills, and
advanced thermal process optimization yields substantial and cost-effective energy savings. However, the study
identifies a definitive structural ceiling to these conventional measures. Because the majority of the sector’s carbon
footprint stems from unavoidable chemical process emissions during the calcination of limestone for clinker
production, thermal and electrical efficiency alone cannot deliver absolute carbon neutrality. Consequently, the
research underscores the indispensable role of developing and scaling Carbon Capture, Utilization, and Storage
(CCUS) technologies to address these residual emissions. The transition is further contextualized within the
regulatory pressures of the EU’s "Fit for 55" package, highlighting how the revised Emissions Trading System
(ETS) and the Carbon Border Adjustment Mechanism (CBAM) serve as primary economic drivers accelerating
this industrial shift. Ultimately, the study demonstrates that while energy efficiency is a foundational and
financially prudent first step, achieving final climate targets demands a holistic strategy portfolio. This includes
the widespread adoption of supplementary cementitious materials, alternative clinker chemistries, and robust
circular economy principles. The paper concludes by urging EU policymakers to mitigate investment risks through
targeted R&D incentives, cross-border infrastructure development, and cohesive regulatory support.

Keywords: Cement; Energy Efficiency; Net Zero; CCS; Green Deal.

INTRODUCTION

Cement, one of the symbolic materials of industrialization, forms the foundation of modern
infrastructure; however, it contributes significantly to global climate change due to the high
energy intensity of its production process and chemical emissions. Annual cement production

exceeds 4 billion tons (Miller and Myers, 2019). The fact that the resulting carbon dioxide (CO-)

127



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

emissions constitute approximately 5-8% of total global human-caused emissions (Chen et al.,
2022) has made the sector a focal point of climate policies and sustainability research. The 2050
net zero emission targets established under the Paris Agreement mandate urgent and radical

measures for energy-intensive and "hard-to-abate" sectors like cement (Watari et al., 2022).

In this context, energy efficiency is one of the first strategies resorted to by the sector,
providing a dual benefit by reducing both operational costs and emissions. Historically,
improvements in production processes (development of thermal systems, waste heat recovery,
etc.) have provided significant savings. However, as the thermodynamic limits of the process
are approached, the marginal benefits to be obtained from these measures are expected to
decrease. As shown in Figure 1 below, approximately 60-65% of CO: emissions in cement
production originate from chemical reactions during the calcination of limestone (CaCOs —
CaO + CO), while the others stem from fuel used in heating and other operational processes
(Obrist et al., 2021). These "process emissions" cannot be eliminated simply by changing the

energy source or increasing efficiency (Benhelal et al., 2021).

Raw materials, energy, Other

and resources Clinker and cement manufacturing
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Quarry Crusher Transport' Raw Kiln and preheater/ Cooler® Cement mill - Total
mill precalcinator
Energy, 40 5 40 100 3150 160 285 15 3,895 PRIl Calcination
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joule/ton
CO,, 3 1 7 17 479 319 28 49 22 925
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Figure 1. Amounts of emissions arising from cement production (Volaity et al., 2025).

This study seeks answers to two fundamental questions by deeply examining energy
efficiency scenarios and case studies in the existing literature: First, to what extent do traditional
energy efficiency measures contribute to 2030 and 2050 targets in regions with different levels
of economic and technological development? Second, at the point where these measures fall

short, which complementary and innovative strategies (CCUS, alternative binders, etc.) are
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necessary for the sector to reach the net zero target? The study also evaluates the transformative
effect of legal regulations such as the European Union's (EU) European Green Deal and the "Fit
for 55" package on the sector and points to the importance of global policy transfer (Wurzel et

al., 2023).
MATERIALS AND METHODS

This review study covers research articles published in academic indices such as
Scopus, Web of Science, and Google Scholar between 2021 and 2025, focusing on energy
efficiency, emission reduction scenarios, and decarbonization roadmaps in the cement sector.
In the selection of studies, criteria such as establishing a clear link with net zero emission
targets, containing quantitative scenario analysis or case studies, and being published in peer-
reviewed journals were observed. The examined studies were analyzed comparatively in terms
of energy saving potential, CO: reduction rate, implementation cost, and regional context; and
were supported by roadmaps published by industry associations (CEMBUREAU, GCCA) and
international organizations (IEA) (GCCA, 2022).

RESULTS AND DISCUSSION
Energy Efficiency Scenarios: Regional Case Analyses

Current studies in the literature reveal the potential and limits of energy efficiency
measures in different geographies. The study by Obrist et al. (2021), a long-term scenario
analysis for the Swiss cement industry, demonstrated that with energy efficiency and partial
decarbonization strategies, energy consumption could decrease from 3.0 GJ/ton cement in 2015
to 2.3 GJ/ton in 2050, and emission intensity from 579 kgCO./ton to 466 kgCO-/ton. However,
the study emphasizes that process emissions must be addressed to reach Paris Agreement goals,

and at this point, CO: capture technologies play a key role (Obrist et al., 2021).

The study by Georgiades et al. (2023) performed a prospective life cycle assessment
(prospective LCA) for European cement production, modeling the potential of measures to be
applied gradually under different scenarios until 2050. The study revealed that clinker
substitution (42%), alternative fuel use (25%), and kiln efficiency improvements (12%) could
provide significant reductions on their own. In a scenario where these three measures are
applied synchronously, it was calculated that CO2-equivalent emissions from cement production

could be reduced by 58% in 2050 compared to 2020 levels (Georgiades et al., 2023).
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The comprehensive review study by Supriya et al. (2023) systematically examines
current and promising low-carbon emission strategies for the cement sector to reach the net zero
target. The study focuses on alternative binder systems that go beyond traditional Portland
cement chemistry. It is stated that clinkers with low calcium content and produced at lower
temperatures (~1200-1350°C), such as Belite-rich cement (BPC) and calcium sulfoaluminate
cement (CSA), can provide CO: reductions of up to 10% and 30-40%, respectively (Supriya et
al., 2023; Kotsay and Jaskulski, 2019). It is emphasized that alkali-activated binders and
particularly geopolymers carry a higher reduction potential of up to 70% (Robayo-Salazar et
al., 2018). One of the most striking findings of the study is the potential of systems with
completely different hardening mechanisms, such as carbonatable calcium silicate cement
(Solidia technology) and magnesia cement (Novacem, TecEco), to achieve net negative
emissions by permanently trapping CO: in the structure through carbonation (Meyer et al.,
2018). Furthermore, CO- utilization technologies at the commercialization stage (TRL 6-9) such
as CarbonCure, Solidia, Carbicrete, and CO2-SUICOM, and the integration of these

technologies into production processes are discussed in detail (Zajac et al., 2021).

In the study by Cavalett et al. (2022); a comprehensive study examining the sustainable
decarbonization of the European cement sector from a life cycle perspective was published in
the journal Scientific Reports. The study revealed that the climate impact of current clinker
production in European countries varies between 832 and 1,075 kg CO:-eq/ton and evaluated
15 different decarbonization options. The findings showed that complementary measures such
as alternative fuels and technological improvements could reduce the climate impact by at most
30%, while an ambitious package of measures could only provide a reduction of approximately
50% by 2050. It was emphasized that the rapid and large-scale implementation of carbon
capture and storage (CCS) is mandatory to reach climate neutrality. Additionally, it was stated
that the use of captured carbon in synthetic fuel (e-fuel) production (CCU) does not provide a
significant benefit in terms of climate change, and conversely increases other environmental
impacts such as human health and water consumption. The study indicated that oxy-fuel
technology, if integrated with biomass fuels, carries a negative emission potential (-24 to -169

g CO2eq per 1 kg of clinker) (Cavalett et al., 2022).

The review published by Sherif et al. (2025) addresses the potential of the UK cement
sector to reach 2050 net zero targets from a critical perspective. By analyzing the sector's current

emission profile, energy, and material flows in detail, the study revealed that its performance
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lags behind some global averages. Decarbonization options were systematically evaluated in
terms of technology readiness levels (TRL), cost, and impact potentials (Sherif et al., 2025).
The graph found in Figure 2 shows the emission reduction rates relative to the reference

scenario in the articles summarized above.

Comparison of Decarbonization Potentials of Different Approaches in Literature
(Relative to Baseline or Reference Scenario

Cavalett (2022) - Oxy-fuel + Biomass (Negative) 110% (Net Negative)

I

Supriya (20213) - Geopolymers

Gueorgiades (2023) - Combined Scenario (2050)

Cavalett (2022) - Ambltious Package (2050)

Supriya (2023) - Calcium Sulfoaluminate (CSA)

Cavalett (2022) - Complementary Measures

s Scenario Based Improvements

e Alternative Matenal Tachnologlies

mm Nogative Emission (Carbon Sink)
'

Qbrist (2021) - Swiss 2050 (Efficioncy Focused)

0 20 40 00 uo 100
CO2 Emission Reduction Potential (%)

Figure 2. Carbon emission reduction rates of the summarized articles relative to the reference
scenario.

When the graph is examined, it is seen that there is a distinct hierarchy among the impact
levels of the scenarios proposed in the decarbonization roadmap of the cement sector; while
energy efficiency and complementary measures presented by Obrist (2021) and Cavalett (2022)
provide limited improvement remaining in the 20-30% band, advanced material technologies
pointed out by Supriya (2023) such as geopolymers push these limits with a reduction potential
of up to 70%. However, the most striking point of the graph is that the only scenario exceeding
the Net Zero threshold (100%) is the Cavalett (2022) oxy-fuel and biomass integration; this
proves that for the sector to not only zero its emissions but also transform into a "net negative"
carbon sink, it is inevitable to go beyond conventional improvements and use CCS (Carbon

Capture and Storage) technologies synchronized with biomass.
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Thermodynamic Limits of Energy Efficiency and the Necessity of Transition to
Complementary Strategies

The case studies above confirm that energy efficiency is an important starting point.
However, the physicochemical realities of cement production delineate the limits of this
strategy. While the theoretical minimum energy requirement for clinker production is 1.6-1.76
GJ/ton, with Best Available Techniques (BAT), this value practically goes down to 2.9-3.0
GJ/ton levels (Fennell et al., 2021). Considering that the European average is ~3.6 GJ/ton, it is
clear that the progress to be achieved with traditional thermal efficiency measures will become
increasingly marginal (Fennell et al., 2021). Therefore, complementary strategies going beyond
energy efficiency are inevitable. As shown in Figure 3 put forward by CEMBUREAU, the "5C"
approach (Clinker, Cement, Concrete, Construction, Carbon) forms the framework of these

holistic strategies (Cembureau, 2020).

Integrated 5C Strategy for the Cement Sector
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Figure 3. CEMBUREAU's "5C" Strategy and Circular Economy

Clinker: Reducing the clinker/cement ratio and developing alternative clinkers with low
calcium content (e.g., BYF clinker). Belite-Ye'elimite-Ferrite (BYF) clinkers have a 28% lower
CO: emission factor compared to Portland clinker (Miller and Myers, 2019). Cement: Against
the bottleneck in the supply of traditional Supplementary Cementitious Materials (SCM) like
fly ash and slag, expanding the use of new binder systems such as Limestone Calcined Clay
Cement (LC?). LC? technology can reduce the clinker factor down to 50% and CO- emissions
by up to 40% (Zunino et al., 2021). Concrete & Construction: Reducing material demand
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through structural optimization, high-performance concrete, and circular economy principles
(Watari et al., 2022). Carbon: Commercialization of Carbon Capture, Utilization, and Storage
(CCUS) technologies to address unavoidable process emissions. GCCA and IEA roadmaps
predict that a significant portion of the required reduction in 2050 will come from CCUS (IEA,
2018).
Political and Economic Dynamics: The European Green Deal and Global Repercussions
One of the most important factors determining the sector's transformation speed is the
political and economic framework. The EU's European Green Deal and "Fit for 55" package
foresee radical changes for the cement sector. The gradual phasing out of free allocations
provided to the sector in the Emissions Trading System (ETS) in the 2026-2034 period and the
rise in carbon prices will directly affect production costs (Wurzel et al., 2023). In parallel, the
Carbon Border Adjustment Mechanism (CBAM) envisages applying a tax to cement imported
from outside the EU equal to the carbon costs not paid at the production location (Wurzel et al.,
2023). This dual mechanism aims to force producers within the EU to decarbonize while also

encouraging global trading partners to adopt similar policies to prevent "carbon leakage.
CONCLUSION

The findings of this study demonstrate that the cement sector's path to the 2050 net zero
emission target is possible not with a one-dimensional solution, but with a multi-layered and

complementary portfolio of strategies, as also shown in Figure 4.

2050 Net Zero Emission Roadmap: Technology Contributions

-
-
2
Qo
o
Energy Efficiency & Alternative Fuels
2020 2030 2040 2050

Year

Figure 4. 2050 Net Zero Emission Roadmap for the Cement Sector
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Energy efficiency is a fundamental and indispensable component of this portfolio,
especially with its applicability in existing facilities, short payback periods, and tangible
emission reduction potential. However, the existence of process emissions and thermodynamic
efficiency limits remove energy efficiency from being a "final solution" and make it the first
step of a more comprehensive transformation plan. This transformation requires the industrial-
scale commissioning of clinker substitution, alternative binders, material efficiency, and
ultimately CCUS technologies. Pilot and commercial-scale CCUS projects such as Brevik
(Norway), LEILAC (Germany/Belgium), and Westkiiste 100 (Germany) prove technological
feasibility, but barriers such as high investment costs, energy penalties, and infrastructure

deficits need to be overcome (Hills et al., 2017).

Recommendations for policymakers can be listed as follows: Developing Local
Scenarios: Energy efficiency potential varies greatly from country to country depending on
existing plant stock, energy resources, and SCM availability. Therefore, detailed country-based
scenario studies and roadmaps are as vital as global roadmaps (Miller and Myers, 2019). R&D
and Initial Investment Support: Financial support mechanisms such as public-private
partnerships, grant programs, and Carbon Contracts for Difference (CCfD) should be
encouraged, especially for the development and establishment of the first commercial facilities
of innovative, high-cost but long-term mandatory technologies like CCUS and LC3. Policy
Consistency and Global Cooperation: Mechanisms like the EU's ETS and CBAM have the
potential to create a global impact. Supporting such policies with technology transfer and
capacity-building opportunities for developing countries will ensure a just transition and

increase global impact.

In conclusion, the transformation of the cement sector is a complex but unpostponable
process. Energy efficiency is the first and logical step to be taken on this long journey, but

bolder technological breakthroughs and determined policy support are needed to reach the goal.
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ABSTRACT

This current study reviews the agricultural mechanization status and characteristics of Alanya
district. The number of agricultural machinery and tractors have been obtained from 2024 data
of the Turkish Statistical Institute. The total agricultural area of Alanya district consists of
193579.5 da. The total agricultural area of the district is made up of; 72526 da fruit, drink and
spice plants area, 81000 da fallow area, 19205 da vegetable area, 51.5 da ornamental plants and
20800 da cereals and other plant products. The total number of tractors in the district is 755 and
total tractor power is 18397.5 kW. Tractor power-group distribution is as follows; 35 tractors
between 1-5 HP, 190 tractors with over 5 HP+, 90 tractors between 1-10 HP, 95 tractors between
11-24 HP, 95 tractors between 25-34, 155 tractors between 35-50 HP, 90 tractors between 51-
70 HP, and 5 tractors with over 70 HP+. Agricultural machinery includes soil tillage machinery,
planting machinery, spraying machinery, irrigation machinery, harvesting machinery, crop
sorting machinery, and trailers. Mechanization level indicators considered include average
tractor power, kW/ha, tractor power/1000 ha, ha/tractor, and machine/tractor values. According
to the calculations, average tractor power, kW/ha, tractor power/1000 ha, ha/tractor, and
machine/tractor were determined to be 17.93 kW, 0.69 kW/ha, 39 tractor/1000 ha, 25.63
ha/tractor, and 13.71 machine/tractor, respectively.

Keywords: Alanya, Mechanization, Tractor.
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ABSTRACT
This review aims to comprehensively evaluate current evidence on artificial intelligence (Al) analyzed digital

exercise content in telerehabilitation from clinical effectiveness, patient adherence, and sustainability perspectives.

A structured literature search was conducted in accordance with PRISMA principles. Studies reporting clinical,
behavioral, or system-level outcomes of Al based or digital exercise interventions were included in the analysis.
Eligible studies encompassed telerehabilitation applications integrating Al-supported assessment, feedback, and

exercise prescription processes.

Current evidence indicates that digital physiotherapy interventions are comparable to conventional rehabilitation
in terms of pain reduction and functional improvement, particularly in musculoskeletal conditions. The integration
of Al enhances clinical outcomes through real-time movement analysis, adaptive feedback, and personalized
exercise prescription. Moreover, Al driven systems appear to improve patient adherence and engagement, which
are recognized as key determinants of rehabilitation success. In addition, these approaches contribute to sustainable

healthcare systems by reducing costs, minimizing environmental impact, and improving access to care.

Al-analyzed digital exercise content transforms telerehabilitation from a passive service model into an interactive,
adaptive, and data-driven rehabilitation ecosystem. This approach not only improves clinical outcomes but also
supports the development of more accessible and sustainable healthcare delivery models. However, challenges
such as data privacy, digital inequality, and limited long-term evidence remain. Future research should focus on

long-term effectiveness and the development of standardized implementation frameworks.

Keywords: Telerehabilitation, Digital physiotherapy, Artificial intelligence, Exercise therapy, Patient adherence,
Sustainability

INTRODUCTION
The global burden of musculoskeletal and chronic conditions continues to rise, placing

increasing demands on healthcare systems and rehabilitation services. Musculoskeletal
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disorders alone affect over 1.7 billion individuals worldwide and represent the leading cause of
disability (Lee et al., 2025). Conventional physiotherapy models, which rely predominantly on
face-to-face interactions, are often constrained by limited accessibility, workforce shortages,
and economic barriers (Lee et al., 2025).

In response to these challenges, digital health technologies, particularly telerehabilitation, have
emerged as viable alternatives for delivering rehabilitation services remotely. Telerehabilitation
enables home-based interventions, improves access to care, and allows continuous patient
monitoring (Sivertsson et al., 2024). Furthermore, digital physiotherapy practice has expanded
to include a wide range of technologies such as mobile applications, wearable sensors, and
remote monitoring systems (World Physiotherapy, 2019).

Artificial intelligence has further accelerated this transformation by enabling data-driven,
personalized, and adaptive rehabilitation approaches. Al systems can analyze movement
patterns, predict clinical outcomes, and provide real-time feedback, thereby improving the
precision and effectiveness of interventions (Alshami et al., 2025). Despite these advancements,
the integration of Al-analyzed digital exercise content within telerehabilitation frameworks
remains insufficiently synthesized in the literature. Therefore, this narrative review aims to
explore current evidence and provide a physiotherapy-centered perspective on this emerging
field.

Digital Physiotherapy and Telerehabilitation

Digital physiotherapy encompasses a broad spectrum of technologies designed to support
remote care delivery. Telerehabilitation, as a core component of digital practice, facilitates the
provision of rehabilitation services using information and communication technologies while
maintaining essential therapeutic principles (World Physiotherapy, 2019).

Evidence suggests that telerehabilitation can achieve clinical outcomes comparable to
traditional physiotherapy in musculoskeletal conditions. For instance, a systematic review and
meta-analysis reported that digital physiotherapy interventions significantly improve physical
function and reduce pain in individuals with knee osteoarthritis (Cheung et al., 2025). Similarly,
exercise-based telerehabilitation has demonstrated comparable outcomes to conventional
therapy in chronic low back pain (Sivertsson et al., 2024).

However, traditional digital rehabilitation approaches are often limited by the absence of real-
time supervision and objective movement assessment. These limitations highlight the need for

more advanced and intelligent systems capable of enhancing intervention quality.
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Role of Artificial Intelligence in Rehabilitation

Artificial intelligence has emerged as a transformative tool in rehabilitation by enabling
personalized and data-driven care models. Al systems are capable of analyzing large datasets,
identifying patterns, and adapting interventions based on individual patient characteristics
(Alshami et al., 2025).

Applications of Al in rehabilitation include movement analysis, predictive modeling, real-time
feedback, and automated monitoring of patient progress. These capabilities allow clinicians to
deliver more targeted interventions and improve decision-making processes. Furthermore, Al
facilitates continuous monitoring outside clinical settings, addressing a key limitation of
traditional rehabilitation models.

By shifting rehabilitation from a reactive to a proactive approach, Al enhances both efficiency
and effectiveness in clinical practice.

Al-Analyzed Digital Exercise Content

Al-analyzed digital exercise systems represent a significant advancement over conventional
telerehabilitation approaches. Unlike traditional video-based interventions, these systems
incorporate technologies such as computer vision, motion tracking, and wearable sensors to
evaluate movement quality and provide real-time feedback.

A randomized controlled trial demonstrated that Al-assisted telerehabilitation resulted in
significantly greater improvements in pain, disability, and muscle function compared to
conventional video-based rehabilitation (Xiao et al., 2025). These findings indicate that Al not
only improves accessibility but also enhances clinical outcomes by optimizing exercise
performance and personalization.

Such systems enable objective assessment, individualized progression, and continuous
feedback, which are essential components of effective physiotherapy.

Patient Adherence and Engagement

Patient adherence is a critical determinant of rehabilitation success, yet adherence rates in
conventional rehabilitation programs remain relatively low. Studies have reported adherence
rates ranging from 30% to 65% in traditional physiotherapy settings (Lee et al., 2025).
Al-based digital rehabilitation systems address these limitations by incorporating personalized
feedback, progress tracking, reminders, and motivational strategies. These features significantly

enhance patient engagement and adherence (Mohammad Namdar et al., 2025).
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Moreover, Al enables objective monitoring of adherence, reducing reliance on self-reported
measures and improving the accuracy of clinical evaluations. Improvements in adherence rates
of up to 40% have been reported in digital rehabilitation settings (Lee et al., 2025).

These findings highlight the potential of Al to address one of the most significant challenges in
rehabilitation practice.

Sustainability in Telerehabilitation

Sustainability is an increasingly important consideration in healthcare delivery. Al-driven
telerehabilitation contributes to sustainability across environmental, economic, and healthcare
system domains.

From an environmental perspective, digital healthcare reduces the need for patient travel,
thereby lowering carbon emissions. The healthcare sector accounts for approximately 4.4% of
global greenhouse gas emissions, underscoring the importance of sustainable healthcare
solutions (Usher et al., 2024).

Economically, digital rehabilitation reduces healthcare costs by minimizing in-person visits and
optimizing resource utilization. Cost reductions of up to 30—40% have been reported in digital
therapeutic models (Lee et al., 2025).

From a healthcare system perspective, telerehabilitation improves access to care, particularly
for individuals in rural and underserved areas, and supports more efficient use of healthcare
resources.

MATERIAL AND METHODS

Study Selection Overview

This narrative review was conducted using a structured literature search approach to enhance
methodological transparency. Electronic databases including PubMed, Scopus, and Web of
Science were searched for studies published between 2020 and 2025.

The search strategy combined keywords related to artificial intelligence, digital rehabilitation,
and physiotherapy, including “artificial intelligence,” “telerehabilitation,” “digital

99 <¢

physiotherapy,” “exercise therapy,” and “adherence.” Studies were included if they met the
following criteria:

(1) involved digital or Al-based rehabilitation interventions,

(i1) included exercise-based components,

(ii1) reported clinical outcomes, adherence, or system-level impacts,

(iv) were published in peer-reviewed journals in English.
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Studies focusing solely on non-exercise interventions or non-rehabilitation populations were
excluded.

A total of 112 records were identified through database searches. After removing 27 duplicates,
85 records were screened based on titles and abstracts. Forty-four records were excluded due
to irrelevance to Al or exercise-based rehabilitation. The full texts of 41 articles were assessed
for eligibility, and 23 were excluded due to lack of clinical outcomes or insufficient relevance.
Finally, 18 studies were included in this narrative synthesis.

RESULTS

Characteristics of Included Studies

A total of 112 records were identified through database searching. After removal of duplicates
and screening of titles and abstracts, 41 articles were assessed for eligibility. Of these, 18 studies
were included in the final synthesis based on relevance to Al-supported digital exercise and
telerehabilitation. Although this review does not follow a full systematic review design,
elements of PRISMA reporting were adopted to improve transparency and reproducibility.
Data extraction focused on study design, population characteristics, intervention type, and key

outcomes, which were synthesized narratively and presented in tabular form.

Records identified through database

searching (n = 112)

Records excluded (n = 44)
o Not related to Al or exercse

¢ Irrelevant topics

Full-text articles excluded (n = 23)
o No dinical outcomes reported

o Inaufficient relevance

Full-text articles assessod for eligibility (n=4))

Studies included in narrative synthesis {n = 18)

Figure 1. PRISMA Flow Diagram of Study Selection for Al-Based Digital Exercise in
Telereerhabilitation
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Narrative Synthesis of Findings

The findings of this review can be categorized into three main domains: clinical effectiveness,
behavioral outcomes, and system-level sustainability.

First, in terms of clinical effectiveness, Al-supported telerchabilitation interventions
demonstrated improvements comparable to or exceeding those of conventional physiotherapy.
These improvements were particularly evident in pain reduction, functional outcomes, and
movement quality.

Second, behavioral outcomes, particularly patient adherence and engagement, emerged as a
critical mediator of rehabilitation success. Al-based systems enhanced adherence through
personalized feedback, real-time monitoring, and motivational strategies.

Finally, at the system level, digital rehabilitation approaches contributed to sustainability by
reducing healthcare costs, minimizing environmental impact, and improving access to care.

These findings highlight the multifaceted value of Al-integrated rehabilitation systems.

Table 1. Characteristics of Included Studies on Al-Based Digital Exercise in Telerehabilitation

Study Design Population Intervention Key Findings
Systematic Review i . Improved function and
Cheung et al., 2025 & Meta-analysis Knee OA Digital physiotherapy reduced pain
. . Al-based Superior clinical outcomes vs

Xiao etal., 2025 RCT Chronic LBP telerehabilitation video-based rehab
MohammadNamdar Rapid Review Mixed _ Al-driven digital rehab Increased adherence and
et al., 2025 populations engagement
Sivertsson et al, Scoping Review Chronic LBP Telerehabilitation Comparflble outcomes to
2024 conventional therapy
Lee et al., 2025 Narrative Review Musculoskeletal Digital therapeutics Improved adherence and

disorders reduced cost
Alshami et al., Narrative Review | Mixed Al in rehabilitation Personallzed care and
2025 improved outcomes
Rodrigues et al., . . VR-based Improved engagement and
2025 Systematic Review | Stroke telerchabilitation motor recovery potential
Usher et al., 2024 Perspective General Virtual healthcare Reduced carbon footprint

healthcare systems
World Digital physiothera Expanded definition of digital
Physiotherapy, Report Global ghtal piy Py P g
2019 practice care
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Additional digital
rehab studies
(2020-2024)

Mixed designs

Various

App/web-based rehab

Improved accessibility and
patient satisfaction

Based on the included studies summarized in Table 1, the findings of this review can be
categorized into three main domains: clinical effectiveness, behavioral outcomes, and system-
level sustainability. The included literature consisted of randomized controlled trials, systematic
reviews, and narrative reviews, reflecting the multidisciplinary and evolving nature of Al-based
digital rehabilitation. Most studies focused on musculoskeletal conditions, particularly chronic
low back pain and osteoarthritis, while others explored neurological populations such as stroke.
Across studies, Al-supported interventions demonstrated consistent improvements in clinical
outcomes, including pain reduction, functional performance, and movement quality.
Additionally, enhanced patient adherence and engagement were among the most frequently
reported benefits. From a system-level perspective, digital and Al-driven rehabilitation
approaches contributed to improved accessibility, cost-efficiency, and environmental
sustainability.

DISCUSSION

This narrative review highlights the emerging role of artificial intelligence—analyzed digital
exercise systems in transforming telerehabilitation into a more interactive, adaptive, and
personalized model of care.

Compared to conventional rehabilitation approaches, Al-supported systems provide enhanced
capabilities in real-time feedback, objective movement analysis, and individualized
progression, which may explain the observed improvements in clinical outcomes. Previous
evidence indicates that digital physiotherapy interventions can achieve comparable
improvements in pain and functional outcomes to traditional therapy, particularly in
musculoskeletal conditions such as knee osteoarthritis and chronic low back pain (Cheung et
al., 2025; Sivertsson et al., 2024). The integration of Al appears to further strengthen these
effects by optimizing exercise execution and personalization (Alshami et al., 2025; Xiao et al.,
2025). Importantly, the benefits of digital and Al-based rehabilitation are not limited to
musculoskeletal populations. Studies involving neurological populations, such as stroke
patients, suggest that technology-supported interventions, including virtual reality—based
telerehabilitation, may enhance motor recovery and patient engagement (Rodrigues et al.,

2025). This indicates that Al-driven rehabilitation has the potential to be applied across a wide
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range of clinical conditions. One of the most significant findings of this review is the central
role of patient adherence as a mediator of rehabilitation success. Poor adherence remains a
major limitation of conventional physiotherapy, with reported compliance rates as low as 30—
65% (Lee et al., 2025). Al-based systems address this challenge by incorporating real-time
monitoring, personalized feedback, and motivational strategies, which have been shown to
significantly improve adherence and engagement (Mohammad Namdar et al., 2025). These
findings suggest that the effectiveness of Al-supported rehabilitation is not solely driven by
technological advancements but also by behavioral mechanisms that enhance patient
participation. From a broader perspective, the findings of this review align with the global shift
toward digital and sustainable healthcare models. Digital physiotherapy practice, as defined by
international frameworks, encompasses a wide range of technologies aimed at improving
access, efficiency, and quality of care (World Physiotherapy, 2019). Al-driven rehabilitation
approaches contribute to this transformation by enabling scalable and accessible care delivery.
In addition, sustainability emerges as a key advantage of digital rehabilitation systems. Al-
supported telerehabilitation has been associated with reduced healthcare costs and improved
system efficiency (Lee et al., 2025). Furthermore, virtual healthcare technologies have
demonstrated the potential to reduce carbon emissions by minimizing patient travel,
highlighting their environmental benefits (Usher et al., 2024). These findings reinforce the role
of Al-driven rehabilitation not only as a clinical tool but also as a component of sustainable
healthcare systems. Despite these promising findings, several challenges remain. The
heterogeneity of interventions, variability in study designs, and lack of standardized outcome
measures limit the comparability of results. Additionally, many studies focus on short-term
outcomes, and evidence regarding long-term effectiveness and real-world implementation
remains limited. Concerns related to data privacy, digital literacy, and clinician training also
represent important barriers to widespread adoption (Alshami et al., 2025).

Future research should focus on large-scale randomized controlled trials, long-term follow-up,
and the development of standardized frameworks for Al-based rehabilitation systems.
Moreover, integrating behavioral science with technological innovation may further enhance
adherence and clinical effectiveness. Al-driven telerehabilitation is not merely a technological
innovation but represents a paradigm shift toward sustainable, patient-centered, and data-driven

rehabilitation models.
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Challenges and Limitations

Despite its potential, Al-driven telerehabilitation faces several challenges. These include data
privacy concerns, digital inequality, lack of clinician training, and the absence of standardized
protocols (Alshami et al., 2025).

Additionally, variability in study designs and outcome measures limits the generalizability of
findings. Long-term effectiveness and real-world implementation remain insufficiently

explored, highlighting the need for further research.

Future Directions

Future developments in Al-based rehabilitation are expected to focus on advanced technologies
such as digital twin models, predictive analytics, and integration with wearable biosensors (Lee
et al., 2025). These innovations have the potential to enable fully personalized and adaptive
rehabilitation programs. However, high-quality studies are required to establish standardized

frameworks and evaluate long-term outcomes.

CONCLUSION

Artificial intelligence—analyzed digital exercise content represents a paradigm shift in
physiotherapy by transforming telerehabilitation into an interactive, personalized, and data-
driven care model. While current evidence supports improvements in adherence and clinical
outcomes, successful implementation requires addressing challenges related to equity,
regulation, and long-term sustainability. Al-driven telerehabilitation has the potential to
redefine rehabilitation services, making them more accessible, efficient, and sustainable.

This review, supported by a structured search strategy, highlights the emerging role of Al-
analyzed exercise systems not only as technological tools but as integral components of future

sustainable rehabilitation models.
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Conceptual Framework of Al-Analyzed Digital Exercise Content in Telerehabilitation:
Pathways to Clinical Outcomes and Sustainability

Contextual Factors

Mechanisms of Action * Digital Literacy

— o Access to Technology
« Objective Assessment
| « Adaptive Progression « Clinician Trainng

+ Continuous Monitoring * Duta Privacy
Al-Analyzed Digital + Clinician Declsion S ' ———
Exercise Systems ——

* Data Tracking v

3 Sustainability Outcomes

R T

Figure 2. Conceptual framework illustrating the role of artificial intelligence—analyzed digital
exercise content in telerehabilitation.

Al-driven systems enhance rehabilitation through real-time movement analysis, personalized
feedback, and adaptive progression. These mechanisms improve patient engagement and
adherence, which act as key mediators influencing clinical outcomes such as pain reduction and
functional improvement. At the system level, these effects contribute to sustainability through
improved accessibility, cost-efficiency, and reduced environmental impact. Contextual factors
such as digital literacy, access to technology, and clinician training may influence the

effectiveness of this framework.
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ABSTRACT

Wearable technologies are increasingly integrated into physiotherapy and rehabilitation, offering real-time
monitoring, personalized feedback, and opportunities for remote care delivery. Despite their widespread adoption,
their long-term clinical effectiveness and sustainability remain insufficiently understood. Existing studies
predominantly focus on short-term outcomes, while key aspects such as long-term adherence, real-world

integration, and underlying mechanisms remain underexplored.

This study was conducted as a narrative review based on literature identified through PubMed, Scopus, and Web
of Science. Systematic reviews, meta-analyses, and high-quality clinical studies published within the last decade
were prioritized. The analysis was structured using a multi-dimensional sustainability framework encompassing

clinical effectiveness, behavioral adherence, technological validity, and system-level integration.

Wearable technologies were found to increase physical activity levels and support rehabilitation adherence,
particularly in home-based settings. However, important limitations were identified, including variability in
measurement accuracy, lack of algorithm transparency, and challenges in maintaining long-term behavioral
engagement. Evidence suggests that wearable technologies are more effective when integrated into structured
rehabilitation programs rather than used as standalone interventions. Their impact appears to be mediated by
behavioral feedback mechanisms, which are insufficient to sustain long-term motor learning and adherence without
clinician guidance. Additionally, barriers related to data security, interoperability, and economic feasibility limit

large-scale implementation.

Wearable technologies represent a promising but context-dependent approach in physiotherapy. Their effectiveness
relies on integration within clinician-guided, mechanism-based rehabilitation models. This review proposes a

sustainability-oriented framework that links clinical, behavioral, and system-level factors, providing a basis for
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future intervention design. Future research should focus on standardized validation, long-term effectiveness, and

personalized digital rehabilitation strategies.

Keywords: Physical Therapy Modalities; Rehabilitation; Exercise Therapy; Telemedicine; Patient Compliance;
Motor Activity; Wearable Technology; Digital Health

INTRODUCTION

The increasing prevalence of chronic diseases, sedentary lifestyles, and aging populations has
created a growing demand for sustainable and scalable healthcare solutions worldwide (World
Health Organization [WHO], 2021). The growing burden of physical inactivity further
exacerbates this global health challenge, necessitating innovative approaches that can be
effectively integrated into modern healthcare systems. In this context, physiotherapy plays a
central role in promoting physical activity, improving functional independence, and enhancing
quality of life. However, conventional rehabilitation models remain constrained by limited
accessibility, high costs, and suboptimal patient adherence, limiting their long-term

effectiveness (Peek et al., 2019).

In recent years, wearable technologies have gained significant attention as innovative tools
capable of addressing these limitations. These technologies—including smartwatches, fitness
trackers, biosensor patches, and smart textiles—enable continuous monitoring of physiological
and biomechanical parameters such as heart rate, physical activity levels, energy expenditure,
and movement patterns (De Fazio et al., 2023). Through real-time feedback and data-driven
insights, wearable devices facilitate self-management, enhance patient engagement, and support
more individualized rehabilitation processes (Patel et al., 2012). Consequently, wearable
technologies have emerged as promising tools capable of transforming rehabilitation delivery,

particularly within home-based and remote care models.

From a sustainability perspective, wearable technologies offer several potential advantages,
including reduced healthcare utilization, improved remote monitoring, and enhanced continuity
of care. These technologies support decentralized healthcare models by enabling home-based
rehabilitation and reducing the burden on healthcare facilities (Piwek et al., 2016). However,
despite their growing adoption, concerns persist regarding their clinical validity, reliability, and
long-term effectiveness. Issues such as measurement inaccuracies, lack of algorithm
transparency, and challenges in integrating wearable-generated data into clinical decision-

making processes highlight important limitations that must be addressed (Li et al., 2025).
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Importantly, a critical gap remains in the current literature: the sustainability of wearable
technologies in physiotherapy is insufficiently understood. While existing studies
predominantly focus on short-term outcomes, key dimensions such as long-term adherence,
real-world clinical integration, cost-effectiveness, and underlying mechanistic pathways remain
underexplored. This gap limits the ability to fully evaluate the long-term value and scalability

of wearable technologies in rehabilitation settings.

Therefore, the present study aims to address this gap by providing a comprehensive evaluation
of wearable technologies in physiotherapy through a multi-dimensional sustainability
framework. Specifically, this review integrates clinical, behavioral, and system-level
perspectives to better understand the potential and limitations of wearable technologies in

supporting sustainable rehabilitation practices.
MATERIALS AND METHODS

This study employed a narrative review methodology to synthesize current evidence on
wearable technologies in physiotherapy (Green et al., 2018). Narrative reviews are particularly
suitable for integrating findings across diverse study designs and providing a comprehensive

overview of emerging topics.

Relevant studies were identified through searches in PubMed, Scopus, and Web of Science
using predefined keywords related to wearable technology, physiotherapy, and rehabilitation.
Inclusion criteria prioritized systematic reviews, meta-analyses, and high-quality clinical
studies published in English within the last decade, consistent with established
recommendations for narrative and integrative review methodologies (Green et al., 2018;

Snyder, 2019).

A structured literature search was conducted focusing on systematic reviews, meta-analyses,
and high-quality observational and experimental studies published in recent years. The included
studies investigated wearable technologies used in rehabilitation, physical activity promotion,

and health monitoring.

To advance beyond descriptive evaluation, this study adopts a four-domain sustainability

framework:
1.Clinical sustainability — effectiveness and outcomes

2.Behavioral sustainability — adherence and engagement
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3.Technological sustainability — validity and reliability
4.System sustainability — scalability and integration

This framework allows a more comprehensive interpretation of wearable technologies beyond

1solated outcomes.
RESULTS
Clinical Effectiveness

Wearable technologies have demonstrated significant potential in improving physical activity
and rehabilitation outcomes. Evidence from systematic reviews indicates that wearable activity
trackers can increase daily step counts by approximately 1800 steps and extend walking
duration by nearly 40 minutes per day (Ferguson et al., 2022). These improvements are

associated with enhanced cardiovascular health and functional performance.

In rehabilitation contexts, wearable devices support patient recovery by facilitating remote
monitoring and providing continuous feedback. This is particularly relevant in post-operative
rehabilitation and neurological conditions, where adherence to prescribed exercise programs is
critical (Latif et al., 2024). Additionally, wearable-based interventions have been shown to

improve physical function and body composition in older adults (Li et al., 2025).
Data Validity and Reliability

Despite their clinical advantages, wearable technologies present notable limitations regarding
data accuracy. Studies have shown that while step count measurements are relatively reliable
under controlled conditions, their accuracy decreases significantly in real-life environments
(Fuller et al., 2020; Li et al., 2025). Another major limitation is the lack of transparency in
proprietary algorithms used by commercial devices. These algorithms are often not accessible
for scientific validation, making it difficult to assess the accuracy of measurements such as
energy expenditure and heart rate variability (Piwek et al., 2016). This issue raises concerns

regarding the clinical applicability of wearable-derived data.
Behavioral Adherence and Sustainability

Wearable technologies play an important role in promoting physical activity by enhancing
motivation and engagement. Features such as real-time feedback, goal setting, and progress

tracking contribute to improved adherence (Ferguson et al., 2022).
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However, maintaining long-term behavioral change remains challenging. While short-term
improvements are frequently observed, adherence tends to decline over time without continuous
support or structured intervention programs (Peek et al., 2019). This highlights the importance

of integrating wearable technologies with behavioral strategies and clinician guidance.
System-Level Sustainability

From a healthcare systems perspective, wearable technologies contribute to more efficient and
sustainable service delivery by enabling remote monitoring and reducing the need for in-person
visits (De Fazio et al., 2023). The integration of artificial intelligence (Al) and Internet of Things
(IoT) technologies further enhances the capabilities of wearable devices by enabling
personalized and predictive healthcare approaches (Antarsih et al., 2025). However, several
barriers limit their widespread implementation, including data privacy concerns, lack of

standardization, and economic constraints.
DISCUSSION

This review provides a comprehensive evaluation of wearable technologies in physiotherapy
through a sustainability-oriented framework, integrating clinical, behavioral, technological, and
system-level perspectives. Overall, the findings indicate that while wearable technologies offer
substantial advantages, their effectiveness is highly context-dependent and strongly influenced
by how they are implemented within rehabilitation processes (De Fazio et al., 2023; Latif et al.,

2024).

Wearable technologies have clear potential to transform physiotherapy practice by enabling
continuous monitoring, real-time feedback, and more personalized rehabilitation strategies.
These features support patient-centered care and facilitate remote and home-based
interventions, aligning with contemporary healthcare models (De Fazio et al., 2023; Piwek et
al., 2016). Notably, such technologies may enhance accessibility and continuity of care,
particularly in populations with limited access to traditional rehabilitation services. However,
the present findings emphasize a critical conceptual shift: wearable technologies are not
inherently effective; rather, their effectiveness emerges when they are embedded within
structured, clinician-guided rehabilitation programs (Patel et al., 2012; Peek et al., 2019). This
challenges the prevailing assumption that technology alone can drive meaningful rehabilitation

outcomes and highlights the indispensable role of clinical expertise and intervention design.
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Critically, several limitations continue to restrict the clinical utility of wearable technologies.
Among these, the lack of standardized validation protocols and the widespread use of
proprietary algorithms represent major barriers. These issues limit transparency and reduce
confidence in the accuracy and reproducibility of wearable-derived data (Fuller et al., 2020; Li
et al., 2025). Consequently, clinicians should interpret wearable data with caution, prioritizing
longitudinal trends over single-point measurements and integrating these data with clinical

assessments to ensure appropriate decision-making (Piwek et al., 2016).

Behavioral sustainability represents another key challenge. Although wearable devices are
effective in initiating behavior change through feedback, goal setting, and self-monitoring,
maintaining long-term engagement remains problematic (Ferguson et al., 2022). Importantly,
evidence suggests that sustained adherence is unlikely without structured intervention
frameworks, behavioral support strategies, and ongoing clinician involvement (Peek et al.,
2019). This indicates that wearable technologies function most effectively as facilitators of

behavior change rather than independent drivers.

From a broader sustainability perspective, wearable technologies align well with the goals of
modern healthcare systems by supporting remote care delivery, reducing resource utilization,
and enhancing continuity of care (De Fazio et al., 2023). Nevertheless, their large-scale
implementation is constrained by several systemic barriers, including data privacy concerns,
lack of interoperability, economic limitations, and insufficient clinician training (Antarsih et al.,
2025). Addressing these barriers is essential to ensure equitable and sustainable integration into

clinical practice.

Taken together, the findings of this review support a mechanism-based interpretation of
wearable technology use in physiotherapy. Rather than functioning as standalone solutions,
wearable technologies should be conceptualized as components of a comprehensive
rehabilitation ecosystem. Their true value lies in their capacity to augment clinical decision-
making, enhance patient engagement, and support long-term rehabilitation strategies when
integrated into evidence-based and clinician-supervised care models (Latif et al., 2024;

Ferguson et al., 2022).

This framework extends previous literature by integrating clinical effectiveness, behavioral
adherence, technological validity, and system-level scalability into a unified sustainability

model, providing a structured basis for future intervention design and evaluation.
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LIMITATIONS

This study has several limitations. First, as a narrative review, it does not include a systematic
search strategy or quantitative synthesis, which may introduce selection bias. Second, the
included studies vary in design, population, and intervention characteristics, limiting the
generalizability of findings. Third, many wearable technologies evaluated in the literature rely
on proprietary algorithms, restricting transparency and independent validation. Additionally,
long-term outcomes and cost-effectiveness analyses remain insufficiently explored in current
research. Future studies should focus on high-quality randomized controlled trials, standardized

validation protocols, and long-term follow-up data to strengthen the evidence base.

Importantly, the lack of high-quality randomized controlled trials and standardized outcome

measures limits the strength of current evidence.
CONCLUSION

Wearable technologies represent a promising approach for enhancing sustainable physiotherapy
and rehabilitation. They improve physical activity, support home-based interventions, and

promote patient engagement.

However, their widespread adoption requires improvements in data accuracy, algorithm
transparency, and integration into clinical workflows. A multidisciplinary, evidence-based
approach is essential to maximize their potential in sustainable healthcare systems.Future
physiotherapy models should not adopt wearable technologies as isolated tools, but rather

embed them within integrated, mechanism-driven rehabilitation systems.
FUTURE DIRECTIONS
Future research should focus on:

e Standardized validation protocols

e Al-driven personalized rehabilitation
e [ong-term adherence studies

e C(Cost-effectiveness analyses

e Integration into clinical decision-making systems
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STUDY OF VARIABLES IN THE RATIO OF CREATINE IN THE
BLOOD OF SHORT, MEDIUM AND LONG DISTANCE FOR RUNNERS

Mahmood Dawood SALMAN
Al-Mustagbal University College of physical education and sport Sciences/Iraq.
ABSTRACT

The study of the effect of training on jogging on serum creatine levels is important to identify the level of
developmental and functional development, as well as understanding the process of developing appropriate
training programs for short, medium and long term effectiveness.

Creatine is an important indicator in the human body by calculating the blood quantities in the day following
the race or training in order to know the work of the kidneys or any damage in them, and to establish a sound path
and right to our coaches and our players relying on the analysis that helps them in the development of their
achievement.

The aim of the study was to study the variables in the ratio of creatine in the blood of short, medium and long
distances of 10 players. The experimental approach - equal groups due to its relevance to the subject of the research.

The researchers concluded:

The presence of effects of significant significance for the athletes in the various energy systems in the ratio of
creatine in the blood of the players and according to the high intensity and effort in the functional work of the
two kidneys.

Short-range athletes were more susceptible to high blood creatinine, as they needed higher voltage than medium
and short hips.

Keywords: Creatine, blood and distance

INTRODUCTION

The study of the effect of training on different types of jogging on the blood creatine ratio
is important and necessary to know the level of development and functional as well as the
understanding of the development of training programs suitable for the events of short, medium
and long, which has received great attention by researchers and trainers in the world, where the
largest number of The medals in the games because the awards are characterized by
individuality in addition to attracting large numbers of athletes and the public because of the
skill, excitement and suspense. Laboratory analysis has been used to determine changes in
creatine levels of short-, medium- and long-term athletes due to the effect of exercise with
different training doses on them. It is therefore necessary to identify the physiological and
chemical laws on which functional changes occur during sporting events and which help to

improve the body's response when controlling and working on them.

In view of the specificity of jogging by regulating the production of different energy and

the development of the physical and functional capabilities of the players in order to achieve
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advanced achievements, the importance of research in the study of the impact of jogging the
various energy production systems in the proportion of creatine in the blood according to
modern scientific bases in order to raise the level of players to reach them achievements to reach

the level of players in developed countries in this important and vital.

Creatine is an important indicator of the metabolism of proteins in the human body. This is
done by calculating its quantity and its value in the blood because it is one of the energy-rich
chemical compounds to measure the metabolic remains that indicate tiredness and recovery.
However, some trainers did not give enough importance to this vital and influential aspect The
development of training curricula that are affected by the type of effort given to the short,
medium and long distance runners who need proper nutrition, especially the quality of the meat
and the quantity of power generation according to the type of intensity and training load of each
and the impact of this on the proportion of creatine ratio in the blood in order to develop a sound
track and true in front of our coaches and players by relying on sound scientific results that are

useful in the development of their achievement.

Research aims:

1. Knowledge of the effects of energy systems at different levels of creatine blood in the
players.

2. Knowledge of the differences in the ratio of creatine blood runners according to the
energy systems used in each of the variables investigated.

Research hypotheses:

1. The short, medium and long circuits of different energy systems have a real effect on
the blood creatine ratio of the players.

2. There are differences in the proportion of creatine blood between the groups of the
research sample in the variables investigated.

MATERIALS AND METHODS

The experimental method is used as an equal group due to its relevance to this research.
Experimental approaches examine the problems and phenomena based on the experimental
method or the scientific research method based on observations, hypotheses and precise

experiments to verify hypotheses (Mahmood Al-Rubaie et al. 2018, p. 30)
The research sample:

The research sample consisted of 10 (10) advanced runners in the field and the field were

chosen by random method and those who practice activities ran (100 m and 3-1500m and the
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number of (4 — 5000 m and the number 3) distributed to three groups and depending on the type
of game. In order to identify the characteristics of the sample members and the extent of their
representation in the research community, the researcher found some variables as shown in

Table 1.

Table 1. Represents the computational circles, standard deviations and percentages of the
distribution of the members of the research sample according to the type of effectiveness in
some variables

. Number . .
Activity of Players percentage Variables Units Mean SD
Age Year 26.58 3.34
Training age Year 5 2.47
%30
100 meter | 3 Weight Ko 70.25 2.66
Length cm 170.75 4.9
Age Year 25.13 3.54
1500 4 %40 Tralmpg age Year 4 2.51
meter Weight Kg 67.80 4.51
Length cm 170.90 4.01
Age Year 23.73 3.24
5000 3 9430 Training age Year 5 2.31
meter ’ Weight Kg 61.67 5.22
Length cm 172.67 5.11
Pilot study:

For the purpose of adjusting variables for the main experiment, the researcher conducted a
reconnaissance experiment on 15/2/2024, the purpose of which was to:

1. Ensure that the task force can apply duties.

2. Identify the time of the experiment to benefit from the main experiment.

3. Identify the requirements of conducting the main experiment in terms of materials used
and others.

Field research procedures
Measurements and tests:

1. Anthropometric measurements (length, weight, age, training age)
2. Measurement of some biochemical variables (measuring the concentration of urea in
the blood)

Method of testing:

The assistant team drew blood samples from the eye in order to conduct tests on them and
to identify some biochemical variables (serum creatin concentration). The blood was withdrawn
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after the athlete had been out of food for at least six hours. The laboratory temperature (37
degrees).

The main experience:

The assistant team drew blood samples from the resting position, six minutes before the
race and for all the sample of the research during the first day of the official championship
period corresponding to 18/2/2024. On 20/2/2018, another sample was drawn from the blood
of runners running 100 m After the official race for them, and draw the blood for the contestants
1500 m, 5000 m on 21/2/2024 also after the completion of the race immediately after the
transfer of a special portfolio to the laboratory where the measurements there until 3/3/2024
were processed statistically, as stated in the door the fourth.

RESULTS

Table 2. Show pretests for the three groups in creatine test, (t) value and significance level

Groun Pretest Posttest (t) value Type of
P Mean SD Mean SD Calculated | Tabulated | significance

100 meter .
(short) 12533 | 45.74 136 45.177 32 4.352 Sig.
1500

meter 98.650 | 17.05 | 109.175 | 18.821 3.985 3.182 Sig.
(Medium)

5000

meters 92.766 | 18.917 | 94.000 | 20.952 0.196 4.352 Non sig.
(long)

The first group (ran 100 m) shows that (2) for the creatinine test, Phosphokinase, the mean
(125.333) and the standard deviation (45.742) in the pretest, the mean (136) and the standard
deviation (45.177), (2), which indicates that the difference is significant between the pre and
post tests and for the benefit of the post-test

The mean of the calculation of creatine phospho-kinase was (98.650) with a standard
deviation (17.051) in the pretest. In the post-test, the mean (109.175) and the standard deviation
(18.821), the calculated value (t) (3.985), which is the largest of the value of the table (3.182)
by line (0,05) and the degree of freedom (3), indicating that the difference is significant between
the pre-test and the post-test and for the post-test

(5000) meter Table (2) shows that the computation of the test creatine phosphokinase
(92.766) and the standard deviation (20.952) in the post-test. The calculated value (t) is 0.196,
which is smaller than the total value of (4.352) and a score of error (0.05) and degree of freedom
(2), which indicates that the difference is not significant between the tests pre and post.

Knowledge and the difference between the groups in the post tests the researcher sought to
test the analysis of variance as in the following table?
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Table 3. Shows the results of variance of the three groups in the post-test creatine test

Source of Total Average (f) value (f) value Indication
.. squares df square of
variation .. L calculated Tabulated )
deviations deviations difference
Between
groups 2727.433 2 1363.717
R 1.585 4.74 Non sig.
Within 1> c000 768 | 7 860.395
groups
Total 8750.201 9 2224.112

Table (3) shows that the calculated value of (f) is (1.585), which is smaller than the (f)
tabular value of (4.74) and by mistake (0.05) and freedom degree (7.2). This indicates that the

differences between the averages Groups are not significant.

DISCUSSION

Creatine is an important indicator of the metabolism of proteins in the human body. This is
done by calculating the quantity and value of blood in the day following the race or training to
measure the residual metabolism following the race or training, which indicates tiredness,

recovery and removal of metabolic residues.

In the three groups (short-, medium- and long-term), the ratio of creatine in the blood was
normal, where it was limited to (1-2-6), as shown in Table 2. Although the ratio increases during
short- May lead to a relative increase even though they are within the normal range. In our
observation of Table (2) we find that after the effort there is an increase in the ratio of creatine
in the blood for the spindles (100) m, which can be explained by the high effort in this sport
and reliance on the phosphate creatinine stored muscle in burning energy, which leads to
increase the proportion of blood availability and delay The rate of removal by the kidneys due
to the relative discontinuation of kidney function, as is the case in runners (1500 and 5000),
since the dependence on phosphogensic storage is not the burning of energy (Divix-1988- p.

59)

Table (2) shows that the results are significant for the three groups in the post tests in the pre.
The researcher attributed this to the fact that the rider of these events controlled the rate of effort
through the appropriate speed, which makes the creatine phosphate and the metabolism is not
exhausted before the time, indicating that it allows the most efficient use of phosphate

metabolism and creatine during the full competition.
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On this basis, we did not see any significant differences between the three tests of the three
groups as shown in Table (2). The reason is that the metabolic process is responsible for the
energy used during these activities, but it is emptied less quickly than the phosphate creatine
during these activities and during the physical effort, Because the metabolic process is done by
other devices, so the impact of the exercise of sporting events will be delivered on all the organs

of the body, which shows us that the body and its functional mechanism works as a unit.
CONCLUSIONS

1. The long range (5000 m) group was less affected by the high blood creatinine ratio
because it required more long-term training than short and medium training.

2. Effect of kidney function towards elimination of excess creatinine due to delay in
removal rate by kidneys in running (100 m)

3. There is an increase in creatine in the blood for spasticity (100 m) due to high stress and
dependence on muscle creatine phosphate in the muscle to burn energy

4. Do not rely on the reservoirs in the burning energy (1500 m) and (5000 m), which leads
to removal by the kidneys

5. Control the runners in the rate of effort through the appropriate speed makes phosphate
creatine and the metabolism is not exhausted before the ozone

6. No significant differences of the three groups because the metabolism is responsible for
the energy used during the pharmacology, to be discharged less quickly than phosphate

creatine.
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ABSTRACT

Yoga has been gaining increasing attention in recent years as a holistic approach that supports physical and mental
health through its teachings. However, the effect of the duration of yoga practice on individuals’ nutritional
knowledge and adherence to the Mediterranean diet (AMD) has not yet been fully clarified. The aim of this study
was to determine the relationship between yoga practices of varying durations and the nutritional knowledge levels,
dietary quality, and AMD among women yoga practitioners. This cross-sectional correlational study included 181
female yoga practitioners aged 18—50 living in the province of Antalya. The questionnaire includes general and
nutrition-related information, anthropometric measurements, the Mediterranean Diet Adherence Scale, the
Nutrition Knowledge Level Scale, and a 24-hour dietary recall. Approval for the study was obtained from the
Ethics Committee (date: 13.05.2025, decision number: 2025/03). According to the study results, women who have
been practicing yoga for more than one year are older and have a higher level of nutritional knowledge (p<0.001).
There is no significant difference in MEDAS or DQI-I scores based on the duration of yoga practice. A positive
correlation was found between nutrition knowledge and AMD among yoga practitioners (r=0.252, p<0.001).
Additionally, a negative correlation was found between nutritional knowledge and the number of snacks consumed
and sleep duration (respectively: r=—0.183; —0.173, p<0.05); a positive correlation was found between the DQI-I
and age (r=0.233, p<0.05). The findings indicate that the duration of yoga practice is not directly associated with
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diet quality or AMD, but is associated with individuals’ level of nutritional knowledge. In this context,
incorporating nutrition education into yoga practices may be an effective approach to improving individuals’ diet

quality and promoting healthy eating behaviors.

Keywords: Mediterranean diet, nutrition, level of nutrition knowledge, MEDAS, yoga

INTRODUCTION

The adoption of healthy lifestyle behaviors is important for the prevention of chronic diseases
and the improvement of quality of life, and healthy eating habits are among the key factors
determining individuals’ overall health status (Watts et al., 2018). Yoga, which fundamentally
means unity, connection, and continuity, is an ancient form of meditation that originated in the
Indian subcontinent but whose philosophy has spread worldwide. It involves a mind and body
practice that enhances individuals’ overall health and well-being (Biissing et al., 2012). It is
also stated that yoga supports maintaining mental and emotional balance, as well as healthy
lifestyle changes such as improved sleep and weight control (Cramer et al., 2016). Yoga
practices, which aim at lifestyle change and are considered a mind-body intervention, are
thought to have an impact on eating behavior, food choices, and healthy eating practices;
however, our knowledge regarding the effects of yoga on nutrition knowledge (NK), attitudes,
and behaviors, as well as its potential to promote healthy eating behavior, remains limited
(Braun et al., 2012). In a study evaluating the combined effects of yoga practice and the
Mediterranean diet on the nutritional status and functional capacity of community-dwelling
older adults, it was found that the Mediterranean diet and yoga intervention improved

individuals’ health and functional capacities (Carcelén-Fraile et al., 2024).

Changes in eating behaviors primarily occur through an increase in NK. NK encompasses
understanding of nutrition- and health-related concepts and processes, including how diet is
linked with health and disease, the role of foods as sources of essential nutrients, as well as
dietary guidelines and nutritional recommendations (Miller & Cassady, 2015). Level of NK is
a critical determinant of individuals’ ability to make healthy food choices. In this context, the
Dietary Quality Index (DQI), which is used to assess individuals’ nutritional quality, is an
important indicator that provides a holistic evaluation of various components of the diet. It has

been reported that a higher DQI is associated with healthier dietary patterns (Najibi et al., 2023).

The Mediterranean diet is a sustainable eating pattern widely practiced in Mediterranean
regions, characterized by a high intake of vegetables, fruits, whole grains, olive oil, and fish,
along with a low consumption of red meat and processed products. It is one of the most
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prevalent dietary models in these countries and has been associated with a reduced risk of
chronic diseases (Guasch-Ferré & Willett, 2021). Adherence to the Mediterranean diet (AMD)
is influenced not only by cultural factors but also by individuals’ NK (Aridi et al., 2022). It is
known that individuals with higher NK show greater AMD pattern and have a lower risk of
obesity (Bonaccio et al., 2013). It has been reported that an increase in NK among adults
significantly improves healthy and balanced eating behaviors as well as AMD (Ongiin Yilmaz
et al., 2025). Considering the potential effects of yoga practice on individuals’ lifestyle
behaviors, it becomes important to evaluate its impact on NK, AMD, and overall diet quality.
However, there is limited research in the literature that jointly examines the relationships
between the duration of yoga practice and these nutritional indicators (Braun et al., 2012; Yadav
et al., 2020). Accordingly, this study sought to investigate how the length of yoga practice
influences NK, AMD, and the DQI-I among individuals engaged in yoga.

MATERIALS AND METHODS

This cross-sectional, correlational study was conducted between August 2025-March 2026
with individuals aged 18—50 who practice yoga and are registered at YogaKioo centers and
branches located in Antalya province. The sample size was calculated using G*Power analysis
as 180 participants, based on a medium effect size (d = 0.25), a 5% margin of error (o = 0.05),
and 80% power (1—P = 0.80). Between the study dates, 181 adult yogis who were registered at
this center and had been practicing yoga for at least 6 months with a minimum of 1 hour per

week were included in the study.
Inclusion criteria

e Having been attending the YogaKioo center for at least six months.

e Actively practicing yoga for at least one hour per week on a regular basis.
e Not having any chronic disease that requires a special diet

e Being willing to participate in the study voluntarily.

e Being literate

e 18-50 years of age
Exclusion criteria
e Being pregnant
e Not regularly participating in yoga activities.
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The research data were collected through face-to-face interviews. The questionnaire included
participants’ general information, anthropometric measurements, a 24-hour dietary recall, Diet
Quality Index-International (DQI-I) calculated using dietary intake data, the Mediterranean
Diet Adherence Screener (MEDAS), and the Nutrition Knowledge Level Scale (NKLS). Ethical
approval for the study was obtained from the Non-Interventional Clinical Research Ethics
Committee of Alanya Alaaddin Keykubat University, dated 13.05.2025 and decision numbered
2025/03. The study was conducted in accordance with the Declaration of Helsinki, and

informed consent was obtained from all participants.

Questionnaire form

The general information section of the questionnaire included questions on participants’
demographic characteristics such as age, education, occupation, etc., as well as the number of

main meals and snacks, meal skipping status, sleep duration, and use of dietary supplements.
Anthropometric measurements

Participants’ height was measured without shoes, with feet together and in the Frankfort plane,
on a flat surface with the head, back, hips, and legs touching the surface at four points. The
distance from the highest point of the head to the ground was measured using a TARTI brand
telescopic stadiometer (Pekcan, 2020). Body weight and body composition were assessed using
a Tanita BC-730 body composition analyzer, following standard procedures. A non-stretch
Seca measuring tape was used to measure waist circumference, and the waist-to-height ratio
was calculated. A waist circumference of >102 c¢cm in men and >88 cm in women was
considered to indicate a high health risk (Pekcan, 2020), while body mass index (BMI) (kg/m?)
was calculated using height and body weight measurements. The Worl Health Organization

classification was used in the evaluation of BMI (WHO, 2025).
24-hour diatary recall

The dietary intake of yogis was assessed by recording all foods and beverages consumed over
a retrospective 24-hour period. The portion sizes of foods consumed by participants were
determined using the Food and Nutrition Photograph Catalog (Rakicioglu et al., 2017), and the
nutrient content of one portion of foods consumed outside the home was calculated using the

Standard Food Recipes book (Merdol, 2016). The energy and nutrient content of each food item
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was analyzed using the full version of the Nutrition Information System (BEBIS 9) software

package.
Diet Quality Index-International (DQI-I)

Diet quality was evaluated based on the results of the 24-hour dietary recall records. The index
focuses on four main dimensions of a high-quality and healthy diet: adequacy, variety,
moderation, and overall balance. Each dimension includes various nutrient components for
evaluation. The scores of each component are summed separately to obtain a total score ranging
from 0 to 100. The minimum possible score is 0, and the maximum score is 100. It has been
stated that diet quality is associated with the total score, and as the total score obtained from the

index increases, the quality of the diet improves (Kim et al., 2003).

Mediterranean Diet Adherence Screener (MEDAS)

The scale, developed by Martinez-Gonzélez et al. (2012) and adapted into Turkish by
Pehlivanoglu et al. (2020), consists of 14 items evaluating individuals’ AMD. Participants
receive 1 or 0 points for each question based on their consumption status, and a total score is
calculated. It is stated that individuals scoring below 7 have low AMD, those scoring 7 or above

have an acceptable level of adherence, and those scoring 9 or above have a high level of AMD.
Nutrition Knowledge Level Scale (NKLS)

Participants’ level of nutrition knowledge was assessed using the NKLS developed by
Giindogdu and Uniisan (2009). The scale consists of 25 multiple-choice questions. In scoring,
1 point is given for correct answers and O points for incorrect answers. When evaluated,
individuals can score a minimum of 0 and a maximum of 25 points on the scale. Accordingly,
scores of 0—6 are classified as “very poor,” 7-12 as “poor” 13—17 as “moderate,” 18-21 as
“good” and 22-25 as “very good NK.” In order for individuals to be considered as having

adequate NK, they must correctly answer at least 18 questions.
Statistical Analysis

Data analyses were conducted using SPSS Statistics version 27.0. The distribution of
quantitative variables was evaluated through histogram and probability plots. For independent
group comparisons, normally distributed variables were analyzed using the independent
samples t-test, whereas the Mann—Whitney U test was performed when the assumption of

normality was not satisfied. Relationships between categorical variables were examined using
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the chi-square test. Pearson correlation was performed for variables with normal distribution,
whereas Spearman correlation was used for non-parametric data. A commonly used level of

statistical significance was set at p<0.05.

RESULTS AND DISCUSSION

Table 1 presents the general characteristics of the participants according to the duration of yoga
practice. The median age of individuals practicing yoga for >1 year is higher compared to those
practicing yoga for <1 year (p<0.001). Across the duration of yoga practice, groups showed

similar distributions in education level, income status, number of main and intermediate meals,

meal-skipping behavior, sleep duration, and dietary supplement use (p>0.05).

Table 1. General Characteristics of Participants According to Duration of Yoga Practice (n =

181)

Variables Duration of yoga practice P
<1 year (n=93) >1 year (n=88)

Age 27.0 (20.0-48.0) 32.5(23.0-50.0) <0.001*
Education level
High school 11 (11.8) 5(5.7) 0.068°
University 68 (73.1) 59 (67.0)
Postgraduate 14 (15.1) 24 (27.3)
Income
Moderate 64 (68.8) 56 (63.6) 0.461°
High 29 (31.2) 32 (36.4)
Number of main meals
1 44.3) 6 (6.9) 0.168°
2 52 (55.9) 37 (42.0)
3 37 (39.8) 45 (51.1)
Number of snacks
None 9.7 16 (18.2) 0.374°
1 30(32.2) 29 (33.0)
2 53 (57.0) 42 (47.7)
3 1(1.1) 1(1.1)
Meal skipping
Yes 36 (38.7) 29 (33.0) 0.420°
No 57 (61.3) 59 (67.0)
Supplement use
Yes 44 (47.3) 53 (60.2) 0.082°
No 49 (52.7) 35(39.8)
Sleep duration 8.0 (4.0-10.0) 8.0 (5.0-12.0) 0.145°
Body mass index (BMI) 22.1£2.2 22.2+2.0 0.680°
BMI Classification
Normal 83 (89.2) 78 (88.6) 0.896°
Overweight 10 (10.8) 10 (11.4)
Waist circumference 69.0 (56.0-91.0) 68.0 (58.0-94.0) 0.592*

Waist circumference classification
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Normal/No risk 81 (87.1) 74 (84.1) 0.564°
Risky / high risk 12 (12.9) 14 (15.9)

Waist-to-height ratio 0.4+0.0 0.4£00 0.418°
Body fat (%) 27.4 (11.0-37.7) 26.9 (12.5-39.7) 0.100

BMI: Body mass index
a3 Mann-Whitney U Testi °: Chi-square test  ©: Independent Samples T Test

Table 2 presents the MEDAS, NKLS, and BMI scores according to the duration of yoga
practice. When participants’ total MEDAS scores and their classifications were examined
according to the duration of yoga practice, the groups did not differ significantly (p>0.05).When
evaluated in terms of NKLS, it was found that individuals who had been practicing yoga for >1
year had higher NKLS compared to those who had been practicing yoga for <I year (p=0.001).
Similarly, a significant difference was found between the groups in terms of NKLS
classifications (p<0.001), and it was determined that individuals who had been practicing yoga

for >1 year had a higher proportion of moderate and good levels of NK.

Table 2. MEDAS, NKLS, and DQI-I Scores According to Duration of Yoga Practice

Variables Duration of yoga practice p
<1 year >1 year

MEDAS total score 55+1.5 53+1.6 0.394°

MEDAS classification

Low adherence 70 (75.3) 67 (76.1) 0.892*

Acceptable adherence 23 (24.7) 21 (23.9)

NKLS total score 129+3.3 146 £3.6 0.001°

NKLS classification

Poor NKLS (7-12) 52 (55.9) 19 (21.6) <0.001°

Moderate NKLS (13-17) 27 (29.0) 48 (54.5)

Good NKLS (18-21) 14 (15.1) 21 (23.9)

DQI-I total score 52.6+7.6 52.7+8.5 0.940°

DQI-I classification

Poor diet quality (<49) 39 (41.9) 33 (37.5) 0.7422

Diet quality needs improvement (50-59) 35(37.6) 38 (43.2)

Good diet quality (>60) 19 (20.5) 17 (19.3)

DQI-I sub-dimensions

Variety 143+22 142+£25 0.857°

Moderation 13.5+49 14.1+53 0.437°

Adequacy 21.7+3.5 21.3+3.5 0.403°

Overall balance 3.1+1.9 3019 0.977°

MEDAS: Mediterranean Diet Adherence Screener, NKLS: Nutrition Knowledge Level Scale, DQI-I: Diet Quality
Index-International
2Chi-square *Independent samples T test

Table 3 presents correlations between MEDAS, NKLS, and DQI-I according to selected

participant characteristics. Age showed significant positive associations with NKLS, total DQI-
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I score, and the moderation subdimension (respectively r=0.263; 0.300; 0.233; all p<0.001). In
contrast, age was negatively correlated with the number of snacks (r=—0.225; p<0.001) and
sleep duration (r=—0.327; p<0.001). A positive relationship was identified between the number
of snacks and sleep duration, whereas snack frequency was negatively associated with NKLS
(respectively r=0.173; —0.183; all p<0.05). Sleep duration also demonstrated a negative
correlation with NKLS (r=—0.173; p<0.05). MEDAS was positively correlated with NKLS
(r=0.252; p<0.001).

Furthermore, strong positive associations were observed among all DQI-I subdimensions and
the total score (p<0.001). Within these subdimensions, variety was positively correlated with
adequacy (r=0.257; p<0.001), while a negative association was observed between variety and
overall balance (r=—0.171; p<0.05). Additionally, both moderation and adequacy showed
positive correlations with overall balance (p<0.05). This study examined the effect of yoga
practice duration on individuals’ AMD, NK level, and diet quality. The findings indicated that
the duration of yoga practice was associated with NK level; however, it had no significant effect
on AMD or diet quality. The higher median age among individuals who had been practicing
yoga for >1 year suggests that yoga practice may be a sustainable lifestyle behavior, and
previous studies have shown that as age increases, the daily duration of yoga practice tends to
be shorter, but its long-term sustainability is greater (Grabara, 2025; Ward et al., 2025). In the
literature, it has been reported that as age increases, individuals’ health awareness improves and
their tendency toward healthy lifestyle behaviors strengthens (Kalyoncuo & Kartin, 2025). This

may explain the longer duration of yoga practice among older age groups.

The positive relationship between age and the moderation dimension of the DQI-I suggests that
portion control and balanced eating behaviors are more commonly adopted in older age. Wang
et al. (2023) also found that healthy eating behaviors increase with age and that individuals tend
to consume smaller, more frequent meals. In addition, a negative correlation was observed
between age and both the number of snacks and sleep duration in our study, which may be
influenced by lifestyle factors. It is known that younger individuals, in particular, tend to have
irregular eating and sleep habits (Najata et al., 2021). In addition, the negative correlation
between the number of snacks and NK level suggests that individuals who consume more
snacks do not always exhibit conscious eating behaviors. However, our understanding of the

negative relationship between sleep duration and nutritional knowledge level is limited. In the
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literature, it has been stated that the relationships between sleep and eating behaviors are
complex and multidimensional, and are influenced by multiple factors (Dashti et al., 2015). In
our study, no significant differences were found in anthropometric measurements according to
the duration of yoga practice. In a systematic review and meta-analysis examining the effects
of yoga on anthropometry, quality of life, lipid profile, and obesity, no beneficial effect of yoga
practices on body weight and BMI was observed, and it was reported that it is not possible to
conclude that yoga significantly improves anthropometric parameters (Asiah et al., 2023).
However, the literature also reports that yoga practices may have positive effects on body
composition. It has been observed that the practice of Bikram yoga for 6 months reduced body
fat percentage in women (Zoila et al., 2026). In a study comparing the effects of yoga and
walking on anthropometric measurements in overweight and obese adults, both yoga and
walking were found to significantly reduce BMI, waist circumference, hip circumference, fat-
free mass, body water, and total cholesterol (Telles et al., 2014). Although it has been reported
that yoga practices may have positive effects on body composition, these effects are generally
influenced by other lifestyle factors such as the duration and intensity of physical activity, as
well as dietary habits (Shetty et al., 2018). In this context, it may be considered that the duration
of yoga practice alone may not be sufficient to change anthropometric indicators. In addition,
the lack of a significant relationship between anthropometric measurements and yoga duration
may be due to the fact that most of the yoga practitioners in our study had BMI and waist

circumference values within the normal range.
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Table 3. Correlations Between Participants’ General Characteristics, MEDAS, NKLS, and DQI-I

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1.Age 1 0.078 - - 0.099 0.122 0.135 -0.017 0.065 0.263** 0.233%* 0.019 0.300%* 0.101 0.072
0.225%* | 0.327**

2.Number of 0.078 1 -0.057 -0.011 -0.098 0.022 -0.044 -0.013 -0.026 -0.010 0.041 0.203** -0.075 0.089 0.016

main meals

3. Number of - -0.057 1 0.173* -0.108 -0.057 -0.088 -0.022 -0.033 -0.183* 0.019 -0.053 -0.077 0.126 0.033

snacks 0.225%*

4.Sleep - -0.011 0.173* 1 0.014 -0.029 -0.009 0.001 0.051 -0.173* -0.007 0.044 -0.104 0.076 -0.032

duration 0.327%*

5. BMI 0.099 -0.098 -0.108 0.014 1 0.700%* | (0.779**) | 0.406** (-0.129) (0.032) (-0.112) (0.032) (-0.134) (-0.018) (-0.113)

6. Waist 0.122 0.022 -0.057 -0.029 0.700%* 1 0.932%* 0.355%* -0.101 -0.023 -0.054 -0.031 -0.093 0.068 -0.067

circumference

7. Waist-to- 0.135 -0.044 -0.088 -0.009 (0.779") | 0.932** 1 0.356%* (-0.123) (-0.031) (-0.066) (-0.046) (-0.052) (0.006) (-0.090)

height ratio

8. Body fatt (%) | -0.017 -0.013 -0.022 0.001 0.406** | 0.355%* 0.356%* 1 -0.087 -0.004 -0.114 -0.009 -0.099 -0.042 -0.118

9. MEDAS total 0.065 -0.026 -0.033 0.051 (-0.129) -0.101 (-0.123) -0.087 1 (0.252%%) (0.097) (0.083) (0.074) (0.008) (0.092)

score

10. NKLS total 0.263** -0.010 -0.183* | -0.173* (0.032) -0.023 (-0.031) -0.004 | (0.252%%*) 1 (0.045) (0.053) (0.038) (0.041) (-0.053)

score

11. DQI-I total 0.233%* 0.041 0.019 -0.007 (-0.112) -0.054 (-0.066) -0.114 (0.097) (0.045) 1 (0.311%%) | (0.784**) | (0.635%*) | (0.549%*)

score

12. Variety 0.019 0.203** -0.053 0.044 (0.032) -0.031 (-0.046) -0.009 (0.083) (0.053) (0.311*%) 1 (-0.078) | (0.257%*) | (-0.171%)

13. Moderation 0.300%* -0.075 -0.077 -0.104 (-0.134) -0.093 (-0.052) -0.099 (0.074) (0.038) (0.784%*) | (-0.078) 1 (0.136) (0.446%%)

14. Adequacy 0.101 0.089 0.126 0.076 (-0.018) 0.068 (0.006) -0.042 (0.008) (0.041) (0.635%*) | (0.257*%) (0.136) 1 (0.166%)

15. Overall 0.072 0.016 0.033 -0.032 (-0.113) -0.067 (-0.090) -0.118 (0.092) (-0.053) | (0.549%*) | (-0.171%) | (0.446**) | (0.166%) 1

balance

BMI: Body mass index, MEDAS: Mediterranean Diet Adherence Screener, NKLS: Nutrition Knowledge Level Scale, DQI-I: Diet Quality Index-International

Without parentheses: Spearman correlation (with parentheses): Pearson correlation *p<0.05 **p<0.001
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One of the key findings of the study is that individuals who had been practicing yoga for >1
year had higher levels of nutritional knowledge. This may be explained by the possibility that
yoga practice increases awareness levels and contributes to individuals becoming more
conscious about nutrition. In a study evaluating the nutritional status and health behaviors of
women who had received yoga training and engaged in exercise, women who regularly
participated in yoga exercises were found to have healthier eating habits, indicating that yoga
practitioners have a higher level of awareness regarding health and nutrition (Gogojewicz et al.,
2024). In a study examining the potential of yoga to promote healthy eating and physical
activity behaviors among young adults, regular yoga practice was found to increase motivation
toward healthy eating habits characterized by higher fruit and vegetable consumption, lower
intake of sugary beverages and snacks, and less frequent fast food consumption (Watts et al.,
2018). In light of all these findings, it may be suggested that regular yoga practice can positively
influence individuals’ NK by increasing their level of awareness. In our study, the lack of a
significant difference in MEDAS and DQI-I according to yoga practice duration indicates that
an increase in knowledge level does not always translate into behavioral change. It has been
stated that eating behaviors are influenced by numerous factors such as socioeconomic status,
cultural factors, and environmental determinants; therefore, even when individuals have a high
level of nutritional knowledge, this knowledge does not necessarily promote healthy eating
behaviors (Kucharska et al., 2025; Orhan et al., 2026). It is suggested that NK should be
supported by training that includes motivation and self-regulation skills in order for it to

translate into healthy eating behaviors.

In this study, the observed positive relationship between age and NK level and diet quality
supports the idea that awareness of healthy eating increases with age (Spronk et al., 2014).
Although the literature on the relationship between MEDAS and NKLS in yoga practitioners is
limited, the positive association found in our study between MEDAS and NKLS is consistent
with previous findings (Bonaccio et al., 2013; Aridi et al., 2022; Aureli & Rossi, 2022),
indicating that higher NKLS are associated with greater adherence to a healthy dietary pattern.
In our study, the weak positive correlation between MEDAS and NKLS also suggests that NK
is a multidimensional construct influenced by socioeconomic status, education, and cultural
factors, and that knowledge alone is not sufficient to determine AMD. Overall, our findings

indicate that in yoga practitioners, there is a relationship between NK level, AMD, and diet
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quality; however, this relationship is not fully reflected in behavior, and lifestyle factors may
play a determining role in this process. It is therefore considered important that future studies
conducted among yoga practitioners include interventions that support the translation of NK

into behavior.
Challenges and Limitations

This study has several limitations. First, due to its cross-sectional design, causal relationships
could not be established; therefore, the findings regarding the effect of yoga practice duration
on NKLS should be interpreted only at a correlational level. In addition, the use of self-reported
data may have introduced potential measurement biases, such as recall bias and social
desirability bias. The fact that the sample consisted of yoga practitioners enrolled in yoga
schools in Antalya and was not selected randomly limits the generalizability of the findings.
Finally, potential confounding variables such as stress level, psychological status, and health
literacy were not examined in this study; these factors may influence both NK level and diet

quality and could therefore have affected the study results.
CONCLUSION

Our study results indicate that the duration of yoga practice has a positive effect on NKLS;
however, it has no significant effect on MEDAS scores or DQI-I. These findings suggest that
an increase in nutritional knowledge alone is not sufficient to induce behavioral change.
Integrating nutritional education interventions into yoga practices may help improve both
individuals’ awareness levels and healthy eating behaviors. Future studies planned with yoga

practitioners are recommended to include intervention-based and longitudinal designs.
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ABSTRACT

Contemporary cryotherapy is evolving from simple cold therapy toward advanced
technologies supporting regeneration, biological regeneration, and aesthetic medicine. New
trends focus on increasing safety, precision, and combining treatments with other physiotherapy
methods.

Here are the key innovations and trends in cryotherapy:

» modern cryochambers (cryosaunas): New devices offer faster cooling (up to -140°C or lower
with liquid nitrogen) with increased safety. Computer-controlled systems allow for precise
adjustment of treatment temperature and duration to the patient's individual needs.

* local cryotherapy in a new guise: In addition to the classic application of cold, advanced local
cryotherapy devices (cryoprobes, nitrogen applicators) are used to precisely freeze tissue, which
is particularly useful in sports medicine for injuries (e.g., bruises, sprains).

» combining with other methods: A new innovation is the synergy of cryotherapy with other
physical treatments. Studies show that combining cryotherapy with laser therapy produces
significantly better therapeutic results in the treatment of injuries than using these methods
separately.

* cryotherapy in aesthetic medicine: Cryotherapy is gaining importance in reducing cellulite
and firming the skin. By stimulating microcirculation and improving tissue metabolism, these
treatments leave the skin looking healthier and firmer.

* supporting wellness and mood: A new approach emphasizes the impact of whole-body
cryotherapy not only on pain but also on the release of endorphins (happiness hormones), which
helps reduce stress and improve well-being.

* proctological cryotherapy: The use of low temperatures to treat hemorrhoids is a modern, less
invasive method that improves patient comfort.

Keywords: cryotherapy, local cryotherapy, whole-body cryotherapy.
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ABSTRACT

Sodium-ion batteries (SIBs) offer a potential alternative for large-scale clean energy storage owing to sodium’s
abundance and low cost. However, the conventional graphite and hard carbon anodes suffer from limited storage
capacity and sluggish kinetic diffusion, hindering their practical application. To address this challenge, the design
of three-dimensional (3D) porous carbon anodes using graphene, biphenylene, and doped carbon-based structures
have been being recently explored to improve electronic conductivity, storage capacity, and ion mobility. The
unique porous architecture of the nonbenzenoid biphenylene sheet and sulfur incorporation in the graphene ribbons
can offer superhigh storage capacity and improve the overall electrochemical properties of the battery cell. The
fundamental properties of these nanostructures have been evaluated by applying density functional theory and
deep potential molecular dynamic. This review highlighted the recent trend in designing advanced SIB anodes
using quantum mechanical-based computational techniques, contributing to the development of low-cost and

sustainable clean energy storage systems for future applications.

Keywords: 3D porous carbon; Sodium-ion batteries; First-principles calculations; Machine learning

INTRODUCTION

One of the most widely used clean energy storage technologies that is transforming our daily
life is lithium-ion batteries (LIBs) [1,2]. Because lithium is expensive and scarce in the earth's
crust, sodium-ion batteries (SIBs) have emerged as a viable LIB substitute [3,4]. Thus, SIBs
can be used in large-scale applications such as electric vehicles due to its availability and low-
cost. The electrochemical performance of LIBs and SIBs is comparable and primarily relies on
the appropriate choice of anode and cathode materials. In charging, sodium ions are
deintercalated from the cathode (made of transition metal oxides) and passed by an electrolyte,
approach into the anode (made of carbonaceous materials). The oxidation reaction on the anode,
which is caused by the sodium ions leaving the structure of the negative electrode and reaching
into the cathode layers, causes the battery to discharge spontaneously when current flows in an

external circuit [5]. Figure 1 illustrated of the SIBs' operational principle. Therefore, utilizing
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SIBs instead of LIBs has a number of benefits (i) A NIB cell is safer to operate than a LIB
because sodium is less reactive and prone to thermal runaway reactions; (ii) the Na/Na+
potential reduction (—2.71 V) is only 300 mV higher than that of Li (—3.04 V); (iii) sodium is
the fourth most abundant element on Earth with a wide range of sodium precursors and low

cost; and (ii1) sodium is ideal when a massive amount of alkali metals is used for large-scale

applications [6].
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Figure 1. Working principle of sodium-ion batteries [7].

SIBs are competitive with LIBs and practically possible because to the variety of sodium-based
electrolytes and the well-developed cobalt-free high voltage cathodes. [8] Sodium is cheap and
abundantly available in nature which can be used as an alternative to LIBs to power the electric
vehicles. However, the major bottleneck in advancing SIB cells is the anode part. With a storage
capacity of 35 mAh g!, graphite, the commonly utilized anode component in LIBs, is unable
to store Na+ because of the large ionic radius of sodium. Intensive research has been done on
the anode part to find the most suitable materials that can accommodate a high amount of
sodium, at least comparable to that of graphite in LIBs. To solve this issue, hard carbon (HC)
with lots of voids is utilized. [9,10] However, the main obstacles to utilizing HC anode are still
the low storage capacity (250 mAh g!), hazardous average voltage (0.01-0.30 V), slow ionic
diffusion (0.76 eV), poor electrical conductivity and cycling stability, and substantial volume

variations. [11,12]
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To address some of the issues noted above, a variety of porous carbonaceous materials have
been used as anodes for SIBs in addition to traditional graphite and HC. [13] However, the
electrical conductivity and Na-kinetic diffusion are directly impacted by the uneven distribution
of the pores. [14,15] Hence, controlling porosity is key to developing more efficient
carbonaceous-based anode materials. [16] For instance, three-dimensional (3D) structures
including organized porosity and promising electrochemical performance have effectively
included graphene nanoribbons. [17] Additionally, doping carbon lattices with heteroatoms has
been regarded as a possible tactic to adjust the electrodes' electrical conductivity, expand storage
capacity, and accelerate the ions' kinetic diffusion. [18,19] Sulfur is particularly interesting for
battery applications among the different nonmetal dopants (B, P, and N), [20-22] because it can
react with Na ions in an active manner. [23] The storage mechanism in 3D porous carbon and
sulfur-doped carbon needs to be revealed. Sulfur's huge ionic radius can degrade the structure
and greatly expand the porous channels, causing rapid ionic diffusion. [24,25] Additionally, an
asymmetric charge distribution and the development of more active adsorption sites could result
from such a significant lattice distortion. [26] However, the doping sites of S are not well-
defined, which could result in a shuttle effect during the sodiation and desodiation process. For
instance, Xu et al. [13] reported a 3D porous reduced graphene foam, and their outcomes
presented that the studied material stores a high amount of sodium ions of 836.2 mAh g~!.
Additional computational study showed that defective C-honeycomb provide a theoretical
capacity of 711 mAh g~!, but with volume change (15%). Yuan et al. [27] also reported that
sulfur doping could enhance the performance of hard carbon anode. The sulfurized hard carbon
shows a storage capacity of 520 mAh g! at 100 mA g ! and rate capability of 257 mAh g ' ata
high current density of 2 A g!.. Also, Imran et al. [28] studied 3D porous sulfurized graphdiyne
and applied density functional theory to evaluate the electrochemical performance of this
material as anode for SIB. The results unveil a storage capacity of 913.8 mAh g! and energy
barrier of 0.41 eV. Thus, materials discovery and optimization are key areas of research. Our
goal is to design carbon electrode materials that can offer well-distributed porous channels and
well-defined sulfur doping sites to enhance the storage capacity, diffusion kinetics, and cycling

stability during the charge and discharge process.
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Recent advances in designing 3D porous carbon-based anodes

Carbon atoms are highly flexible in chemical bonding where different carbon allotropes with
different dimensionality can be synthesized. [29] 3D porous carbon materials have been
experimentally synthesized using chemical vapor deposition. [30] Graphene nanoribbons can
be used as basic building blocks to construct these 3D porous structures. [31] Still, these
assembled materials lack high electronic conductivity and ordered porosity. Therefore, we are
looking for 3D ordered porous carbon allotropes that can provide the following: (i) small
volume change during charge and discharge process, (ii) high storage capacity of sodium ions,
and (iii) ionically and electronically conductivity, (iv) high-rate performance and safety as
shown in Figure 2. The first two criteria (i) and (ii) can be achieved by designing highly porous
structures with abundant inequivalent sites for sodium ion adsorption. To prevent mechanical
failure and capacity decline, the ordered porosity may serve as a buffer to reduce the strain
brought on by the injection of a large sodium ionic radius. [32-34] The porous channels are
favorable for fast ionic diffusion kinetic. However, most interpenetrated porous carbon-based
anode suffers from poor conductivity. [35] Designing a porous anode structure with high
electrical conductivity combined with ordered porosity is key to achieving high performance

SIB anodes. Doping is another strategy to satisfy these criteria.

Advanced

anodes
For SIBs

Figure 2. Criteria for designing advanced SIB anodes.
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With the recent developments in supercomputers and computational procedures like first-
principle calculations, structure search methods based on artificial intelligence, and machine
learning, [36] high-performance materials can be predicted and reveal their basic properties
such as electronic properties, thermal, mechanical and dynamical stability, synthesizability, and
much more, which are vital for designing advanced battery cells and other fields. [37-41] Thus,
these computational techniques are powerful tools for generating and evaluating new class of
3D porous carbon materials. [42-43] Researchers have successfully integrated graphene
nanoribbons into three-dimensional porous structures with high electronic conductivity
applicable for high performance SIB anode. (Figure 3) [34] Na ions can diffuse easily in these
designed materials that have homogeneous pores distribution compared with the heterogeneous
distribution of the pores in conventional hard carbon. However, theoretical storage is still
minimal (< 300 mAh g™!), which raises a concern about the efficiency of these materials as
anode materials for SIBs. This is simply attributed to the use of a hexagonal carbon lattice that
can accommodate a single sodium ion in one hexagon ring. Table 1 lists the electrochemical
performance of several carbon-based anodes for SIBs. One can see that the 3D porous carbon-
based structures overcome the electrochemical performance of the commercialized graphite and

hard carbon structures.
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Figure 3. The construction high electronic conductivity 3D porous carbon by using graphene
nanoribbons as building blocks and its application as SIB anode. [34]
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Table 1. Comparison of gravimetric capacity (mAh g'), volumetric capacity (mAh mL™) activation

energy (eV), open-circuit voltage OCV (V), volume expansion (%) of several anodes for NIBs.

System gravimetric Volumetric Activation ocv Volume

capacity capacity energy expansion%
tCas? 232 353.62 0.05-0.13 0.54 0.94
Doped C-honeycomb19 711 855.5 0.17-0.24 0.0075 15
hC2844 717 946.44 0.08-0.17 0.36 2.30
Bco-C2445 495.9 778.5 0.02-0.14 0.42 5.60
bet-C5633 478.2 728.1 0.07-0.12 0.45 0.02
HZGM-4234 318.5 442.71 0.08-0.21 0.43 1.85
Hard carbon12,46,47 300 465 0.76 0.30 30
Graphite®® 35 79 0.40

‘-’ means data unavailable.

Furthermore, stoichiometric 3D porous SiCs structures have been generated by particle
swarm optimization method implemented CALYPSO code. [49] The generated structures are
metallic in nature and have been studied as potential candidates for battery applications. The
interactions of nonmetal elements like N, P, B, and S with carbon could improve the physical
and chemical properties of the pristine 3D porous carbon structures. [18] Several studies show
that dopants can improve structural stability due to the creation of strong covalent bonds.
Furthermore, metallic nature has been achieved in 3D porous BPC, compound, revealing the
contribution of the dopants in improving the electronic properties of carbon. [50] Sulfur doping
in carbon lattice is rarely studied and signifies a developing research field. [51] Very recently, a
3D porous sulfurized carbon has been theoretically predicted, where the S atom is bonded with
six butadiyne linkages. [28] The predicted compound shows excellent electrocatalytic and
energy storage performance.

To improve the efficiency and storage capacity of these novel materials and overall
electrochemical properties, one must care about controlling the design and synthesis strategy,
using building blocks that have different carbon rings such as biphenylene, or applying the
heteroatom doping strategy (Figure 4). Because of its uniform distribution of tetragonal,
hexagonal, and octagonal carbon rings across two dimensions (2D), biphenylene offers sodium
ions nonequivalent adsorption sites. [52] This 2D material has been rarely integrated into 3D

porous structures, which could be suitable for hosting novel properties. Further, sulfur has a
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large ionic radius, which distorts the structure and enlarges the porous channels, which could
facilitate high electronic conductivity, increase the storage capacity, and improve the ionic
diffusivity. However, the exact doping site of sulfur are not well defined yet, and designing
carbon structure with well-defined porosity and sulfur doping sites are of importance. Hence,
the best candidate anode should be a 3D metallic material with ordered porous channels for
high Na" storage and rapid diffusion. Hence, designing low-cost 3D porous carbon-based
materials with electronic conductivity could allow us to improve the anode part of SIBs.
Furthermore, finding novel preparation methods as well as theoretical modeling techniques is
an urgent task to expedite the discovery of new carbon-based materials that fulfill this purpose.
This broad picture motivates us to explore more carbon-based anode materials by using
biphenylene as building blocks and sulfur doped porous carbon structures by evaluating their
fundamental properties as well as electrochemical performance as anode for sodium-ion
batteries using density functional theory (DFT), particle swarm optimization search method,

and machine learning based on deep potential molecular dynamic method.
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Figure 4. The basic building blocks of graphene, biphenylene, and sulfur doped hard carbon.

[24,53,54]

Scientific challenges and possible solutions

To design high performance anode material for SIBs, the material must be metallic with ordered
porosity and high structural stability. However, it is difficult to find these properties in one
material. Therefore, finding a universal anode material consider a hot topic in the field.

Assembling graphene or biphenylene nanoribbons and their doping strategy into 3D porous
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structures is still immature. Hence, there are several challenges that need to be addressed, which
could crack the potential use of the broad family of carbon-based materials for battery
applications. The current scientific challenges and research directions in this subject are

summarized as follows:

(1) Finding preparation or assembling methods to integrate low-dimensional graphene and
biphenylene building blocks into 3D structures with metallicity and ordered porosity is an
urgent task in advancing SIB cells.

(2) Should the doping strategy with sulfur start from graphene/biphenylene nanoribbons and
then assembled into 3D structure? If this is not the case, should we assemble the
nanoribbons into 3D structures and then start the doping with sulfur?

(3) Limited precursors availability to get the basic building blocks of 4-,6-,8-membered carbon
rings for synthesizing biphenylene nanoribbons.

(4) Because the computational cost of density functional theory (DFT)-based first-principles
computations rises exponentially with the number of atoms in the unit cell, it takes longer
for porous structures. Therefore, machine learning will expedite the discovery and
characterization of these materials.

(5) Most materials are designed by hand, which will take time to find suitable anode materials.
In order to close this gap, the CALYPSO code's intelligent particle-swarm optimization

search approach will be used.

For this purpose, we draw a path for future guidelines to design advanced 3D porous structures
by assembling biphenylene building blocks and sulfur doping graphene nanoribbons by

following the steps below:

(1) Designing stable 3D porous structures: Since biphenylene sheets and its nanoribbons are
synthesized, they can be used as building blocks with/without linkers to design stable SIBs
anodes. Direct assembly of these building blocks can be done by gluing the armchair
biphenylene nanoribbons through the interaction of the available valence electrons. Carbon
nanotube can be used and selected as a linker to build these 3D porous structures. Further,
sulfur can interact with zigzag graphene nanoribbons to form highly stable structure.

(2) After obtaining a stable 3D porous structure, we intend to study the fundamental properties
of the designed electrodes including their structural, thermal, electronic, and mechanical

properties at ambient conditions.
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(3) Finally, we will conduct theoretical calculations to evaluate the performance of the designed
electrodes as anodes for sodium-ion batteries. The theoretical storage capacity, voltage
profile, diffusion energy barriers, diffusion coefficient, and volume changes during

sodiation/desodiation process must be studied.

Very recently, our group have successfully designed a series of 3D porous architectures by
applying biphenylene nanoribbons and doped graphene ribbons as basic building blocks
[10,55]. The designed structure shows excellent performance as anodes for SIBs with superhigh
storage capacity and fast kinetic diffusion as shown in Figure 5. The C8S, for instance, has a
substantial reversible storage capacity of 465 mAh g—1, a low diffusion barrier of 0.06 eV, and
a small volume change of 3.3% during the charging and discharging operation. Moreover, the
average open circuit voltage (0.64 V) ensures good safety during fast charging rates (Figure
5a). On the other hand, the storage capacity of graphite and hard carbon anodes is thirty times
lower than that of HexC28, which has a volumetric capacity of 1109 mAh mL-1 and a
gravimetric capacity of 956 mAh g-1. Furthermore, its average potential equals to 0.47 V and
negligible volume change (3.60%), and low diffusion energy barrier (0.20-0.36 eV), ensuring
fast charging (Figure 5b).
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Figure 5. The voltage profile of sodiated (a) sulfurized carbon CgS and (b) 3D porous
biphenylene network HexC28 [9,45].
Computational methods

Packages and codes
The electrochemical characteristics of recently developed anode materials are frequently

assessed using first-principles calculations based on density functional theory. (DFT) [40] The
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mechanical properties, electrical structure, thermal stability, and energetic stability of 3D
porous materials that will be used as improved SIB anodes can all be accurately predicted using
this technology. Furthermore, the obtained ground state energy from DFT can be used to further
evaluate the gravimetric and volumetric capacities, energy barriers of the diffused ions, voltage
profile, and volume changes of the designed electrode materials. [37,39,56] Vast number of
DFT codes have been employed to do this purpose, but Vienna Ab initio Simulation Package
(VASP) [57], a plane wave-based code to perform first-principles calculations using projected
augmented wave (PAW) pseudopotentials, has been extensively utilized. Furthermore,
CALYPSO can be used to search for stable 3D porous structures by providing the chemical
composition only. Due to the heavy element of sulfur and time-consuming NEB computation
to get the energy barrier, deep potential molecular dynamic method can be used to assess the
diffusivity of sodium with less time consuming and DFT-level accuracy (Figure 6). This method
will allow us to deeply understand the diffusion behavior of sodium along different
environments. Pymatgen can be used to enumerate the configurations and help to analyze the
obtained data.
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Figure 6. Sketch illustrating the use of DFT, DeepMD, and CALYPSO codes to search and
characterize anode materials for sodium-ion batteries.
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Stability of the electrodes

Confirming the stability of the designed anode materials is the first toward evaluating their
electrochemical properties. The ground state energy of the optimized electrodes can be used to
obtain the total energy from DFT calculations, which are further used to derive all necessary
parameters. In this case, there are four parameters that need to be evaluated in order to assess
the stability of the designed 3D porous materials. These parameters can be summarized as

follows:
(a) Energetic stability

The cohesive energy and/or formation enthalpy of the assembled 3D porous structures must be
high enough to indicate the synthesizability of the designed materials. The stability of the
relaxed structures using DFT is inversely proportional to total energy, where lower energies

give high structural stability and indicates that the obtained structure is a local minimum.
(b) Dynamic stability

The lattice vibration of the assembled geometries can be determined by calculating phonon
spectrum, which must be positive in the whole Brillouin zone; otherwise, the designed material
is supposed to be dynamically unstable, where the acoustic or optical modes show negative
frequencies. This step can be done by displacement of the atoms according to the symmetry of

the designed materials.
(¢) Thermal stability

Ab initio molecular dynamics AIMD simulations can be employed to confirm the thermal
stability of the structures over a wide range of temperatures by obtaining the atomic forces in
the unit cell. The evaluation of designed structures as a function of temperature is necessary for
many applications, where intact structures are needed to maintain the safety of the assembled
devices. This can be further used to evaluate the diffusivity of the sodium ions using deepMD-

kit.
(d) Mechanical stability

Born-Huang criterion must be satisfied to confirm that the electrode materials are mechanical
stability. Strain-energy method has been widely employed to evaluate the mechanical properties

of different materials, where strain energy is used as a function of lattice distortion. According

190



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

to the lattice symmetry of materials, there are different formulas that can be used to evaluate

the mechanical stability of these materials based on the calculation of their elastic constants.
Properties to be studied
Structural properties

Biphenylene sheet has different carbon rings, which may show different bonding environments
among tetragonal, hexagonal, and octagonal rings. Understanding the bonding characteristic of
these rings will contribute to the stability of assembled 3D porous structures. Furthermore, the
interaction of sulfur with graphene ribbons is a must for further characterization. Thus,
calculating the bond lengths, bond angles, hybridization behaviors and atomic positions of these

materials will help to shed more light on the structural stability of these porous geometries.
(a) Mechanical properties

Another important consideration in SIBs is the mechanical behavior of the electrode materials;
poor electrode mechanical characteristics can either reduce battery life or cause cell failure
during charge and discharge procedures. Due to the large ionic radius of sodium ions, it is
necessary to evaluate the mechanical properties of the designed structures. Thus, evaluating the
mechanical stability, Young’s modulus, bulk modulus, ductility, and shear modulus are

necessary to be calculated to confirm the suitability of the electrode materials for batteries.
(b) Electronic band structure

It is interesting to use metallic anode materials, which can deliver electrons efficiently to the
current collector. This can be done by calculating and studying the electronic band structure of
these materials using PBE/HSE06 methods. The interaction of p orbitals of the biphenylene
nanoribbons in the 3D structures could lead to good electronic conductivity. Further, it has been

confirmed that sulfur doping significantly improves the electronic conductivity of hard carbon.
(¢) Electrochemical properties

Here, it is essential to calculate the electrochemical properties of the designed structures
during charge/discharge process. In this sense, we have to test the anode performance by
evaluating its capacity, voltage, diffusivity, and structural stability, which can be predicted

as follows:
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I.  Binding energy and formation energies of sodiated structures. Negative values indicate the
stability of the sodiated structures, otherwise, phase separation could occur. As discussed
above, the ground state energies of the DFT total energies of the sodiated structure, pristine

structure, and bulk sodium are used to obtain the stability of the sodiated anode.

II.  Charge transfer: Bader charge analysis can be used to evaluate the charge transfer from
sodium ions to the pristine geometry. More charge transformation leads safer anode by

preventing clustering.

III.  Diffusion energy barriers can be used to evaluate the transport of the ions during sodiation
and desodiation operations. Using the nudged elastic band (NEB) approach, this parameter
can be computed. The initial and final migration points are well guessed and then
intermediate images are generated and optimized to evaluate the total energies of these
intermediate images. Due to the large consumption of computational resources using NEB,
machine learning could provide accurately predicted values for the diffused ions with less

time consuming.

IV.  Voltage profile of the sodiated structures. It is important to unveil the voltage profile of the
designed anodes during sodiation, where positive values through the profile must be
achieved, which indicates the reversible storage capacity. We can use the ground state total
energy of the system to calculate the voltage profile of the anode which can be simply

expressed as follows:

Evyic = Emy,  t (X2 — x1)Ey

V =
(xz —x1)e

(1)

Where E,, is the energy of the metallic sodium phase and EMxl— o Esz—c are the total

energies of the intercalated structures at various concentrations.

V.  Storage capacity and energy density of the designed anodes. The storage capacity of the
anode is proportionally related to the number of adsorbed Na ions, where large numbers of
adsorbed ions mean high storage capacity, which is inversely proportional to the molecular
weight of the anode. Thus, lightweight anodes (carbonaceous electrodes) are expected to
increase the storage capacity compared to transition metal oxides. The storage capacity (Q)

determined by using the expression below:
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0 = nFIM, @)

where M,, is the molecular weight of the active ingredients (g mol™), F is the Faraday constant
(26801 mA h mol™), and n is the number of monovalent adsorption ions. Thus, light element

active materials could be used to reach a high potential storage capacity.

VI.  Volume changes of the sodiated structures. This parameter can be evaluated by obtaining

the volumes of the pristine and sodiated structures which can be measured by:

M -M
AV = % X 100% 3)

c

1. The volumes of fully sodiated and virgin structures are denoted by My, ¢, and M¢

respectively
CONCLUSION

The review aims to shed light on the importance of designing high-performance carbon-based
anodes for sodium-ion batteries. Graphite and hard carbon anodes are failed to intercalate the
large sodium ions with storage capacity and fast diffusion kinetics. Therefore, the current
research field moves to a new paradigm of designing high electronic and ionic conductivity
electrodes with ordered porosity. Graphene nanoribbons have been widely used to assemble
these porous structures. However, the theoretical storage capacity is still limited due to the
presence of only one hexagonal ring for sodium adsorption. Therefore, our recent trend provides
the following innovative ideas, as follows:

(1) Compared with conventional anodes like graphite, hard carbon, and other 3D porous
graphene-based electrodes, designing 3D porous biphenylene-based network anodes
composed of 4-,6,8-membered carbon rings could provide high electrical conductivity
and high storage capacity.

(2) 3D porous sulfurized carbon electrodes assembled from graphene nanoribbons could
enhance the ionic diffusion of sodium.

3) The designed 3D porous structures could be highly stable and experimentally realized,

which comes from the high flexibility of carbon atoms during chemical bonding.
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(4) Due to the abundant inequivalent adsorption sites, 3D porous biphenylene-based anodes
and sulfur doping can offer high storage capacity compared with conventional carbon
electrodes.

(%) The ordered porous channels and good electrical conductivity are suitable for high-rate
performance, which is of high importance for high safety and short-time recharging of
the cell.

(6) The 3D porous network could be used as a buffer to alleviate the strain that comes from

the large ionic radius of sodium.

For future studies in this direction by computation and simulation, the following aspects are

worthy of more attention:

(1) Developing algorithms to automatically create 3D porous metallic carbon materials
composed non-benzenoid 3D porous carbon-based structures. Such Algorithms will help to
expedite the discovery of novel 3D porous carbon-based metallic anode materials applicable

for sodium ion-battery applications.

(2)  Finding new synthesis strategies to expand the family of 3D carbon-based structures
with ordered porosity and metallicity. The broad availability of carbon precursors will help to
synthesize graphene and its low-dimensional building blocks, which are necessary for the
assembly of 3D structures with ordered porosity. However, only a few preparation methods
such as template method, polymerization method, and vacuum sublimation method are
available for this purpose. One can apply and follow similar preparation procedures to achieve
3D porous biphenylene-based structures with ordered porosity but with more sophisticated

procedures due to the presence of defects.

3) A high-performance battery as a whole need to operate synergistically between its
individual parts, so investigating the compatibility between the 3D porous carbon-based anode,
cathode, and electrolyte is crucial for overall battery performance. More attentions are requested

in this direction in future research.
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ABSTRACT

Management of separated instruments during root canal treatment remains a significant clinical challenge,
particularly in mandibular molars with complex canal anatomy. The presence of a fractured instrument may limit
effective cleaning and shaping, potentially affecting endodontic treatment outcomes. This case report presents the
management and follow-up of a mandibular molar with a separated instrument in the mesiobuccal canal associated
with a periapical lesion. A patient presented with pain in a mandibular molar previously treated at another clinic,
where an instrument fracture had occurred. Clinical and radiographic examination revealed pulpal necrosis and a
periapical radiolucency. Despite attempts using different retrieval techniques, the separated instrument could not
be removed. Therefore, the treatment was continued by focusing on effective chemo-mechanical preparation of
the accessible canal space. Irrigation and canal shaping were completed, followed by single-cone obturation using
a bioceramic sealer. Postoperative radiographs confirmed adequate root canal filling. At the 1-year follow-up, a
reduction in the periapical lesion was observed with no clinical symptoms. At the 2-year follow-up, radiographic
evaluation demonstrated significant healing of the lesion. Successful healing can be achieved even in the presence
of a separated instrument when adequate disinfection and obturation are provided. Long-term follow-up is essential
to confirm treatment success.

Keywords: Apical periodontitis, nonsurgical endodontic treatment, periapical healing, separated instrument

KIRIK ALET BULUNAN MANDIBULAR MOLAR DIiSIN ENDODONTIK TEDAVISI

OZET

Kok kanal tedavisi sirasinda kirik aletlerin yonetimi, 6zellikle kompleks kanal anatomisine sahip mandibular molar
dislerde 6nemli bir klinik zorluk olusturmaktadir. Kirik alet varligi, etkin temizleme ve sekillendirmeyi sinirlayarak
tedavi sonuglarini olumsuz etkileyebilir. Bu olgu sunumu, mesiobukkal kanalinda kirik alet bulunan ve periapikal
lezyon ile iligkili bir mandibular molar disin tedavi siireci ve takibini sunmaktadir. Hasta, tedavisi bagka bir klinikte
baslanmis ve islem sirasinda alet kir1g1 olusmus alt molar digte agr1 sikayeti ile basvurmustur. Klinik ve radyografik
incelemede pulpa nekrozu ve periapikal radyoliisensi tespit edilmistir. Farkli alet ¢ikarma teknikleri denenmesine
ragmen mesiobukkal kanaldaki kirik alet uzaklastirilamamaistir. Bu nedenle tedavi, ulasilabilir kanal alaninin etkin
kemo-mekanik preparasyonuna odaklanilarak siirdiiriilmiistiir. frrigasyon ve kanal sekillendirme tamamlandiktan
sonra tek kon teknigi ile biyoseramik patla obture edilmistir. Postoperatif radyografiler yeterli kanal dolumunu
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dogrulamustir. Bir y1llik takipte klinik semptomlar ortadan kalkmis ve periapikal lezyonda azalma gézlenmistir. iki
yillik takipte ise radyografik olarak belirgin iyilesme saptanmistir. Yeterli dezenfeksiyon ve obturasyon
saglandiginda, kirik alet varliginda dahi basarili iyilesme elde edilebilir. Bu tiir olgularda uzun dénem takip tedavi
basarisinin dogrulanmasi agisindan énemlidir.

Anahtar Kelimeler: Apikal periodontitis, kirik alet, noncerrahi endodontik tedavi, periapikal iyilesme

INTRODUCTION

Root canal treatment is a highly predictable and successful procedure for preserving teeth
affected by pulpal and periapical diseases. The primary objective of treatment is the complete
elimination of microorganisms and infected tissue from the root canal system, followed by
adequate shaping, disinfection, and three-dimensional obturation.(Burns et al., 2022) However,
despite advances in endodontic instruments and techniques, procedural complications may still
occur during treatment. Among these, instrument separation within the root canal system
remains one of the most challenging and clinically significant complications.(Madarati, Hunter,
& Dummer, 2013) Separated instruments are more frequently encountered in teeth with
complex root canal anatomy, particularly mandibular molars. These teeth often present with
narrow, curved, and anatomically variable canals, especially in the mesial roots, which increase
the risk of cyclic fatigue and torsional stress on endodontic files.(Piasecki, Makowka, &
Gambarini, 2020) Such anatomical challenges not only predispose the instrument to fracture

but also complicate subsequent management procedures.(Assaf, Seoud, Kataia, & Saber, 2024)

The presence of a fractured instrument within the canal may obstruct access to the apical third,
thereby limiting effective cleaning, shaping, and irrigation of the entire canal system. This may
compromise microbial control by preventing adequate chemo-mechanical debridement of the
infected canal space. Consequently, residual bacteria and necrotic debris may remain in the
inaccessible portion of the canal, potentially leading to persistent periapical inflammation and
adversely affecting the prognosis of treatment.(Jaiswal, Gupta, Saxena, Tyagi, & Verma, 2025;
Madarati et al., 2013) The clinical impact of a separated instrument depends on multiple factors,
including the location and length of the fragment, the degree of canal curvature, the stage of
instrumentation at which the fracture occurred, and whether a pre-existing periapical lesion is
present. Although several management options have been described in the literature, including
ultrasonic retrieval, bypass techniques, and magnification-assisted procedures, complete
removal is not always feasible.(Ikhabi Weboko, Kiptoo Kiptiony, & Wandera, 2024; Shaik et

al., 2022) In some cases, aggressive retrieval attempts may increase the risk of excessive dentin
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removal, root weakening, or perforation. When safe retrieval is not possible, nonsurgical
endodontic treatment may still result in successful healing if adequate disinfection and
obturation of the accessible canal space can be achieved.(Dioguardi et al., 2024) In such cases,
long-term clinical and radiographic follow-up is of critical importance to monitor periapical
healing, confirm the absence of symptoms, and evaluate the long-term success of
treatment.(Turan Gékduman, Canakgi, Arili Oztiirk, & Er, 2025) Therefore, clinical decision-
making should be individualized, balancing the potential benefits of instrument retrieval against
the risks associated with the procedure.(Madarati et al., 2013) The present case report describes
the nonsurgical management and long-term radiographic follow-up of a mandibular molar tooth

with a separated instrument in the mesiobuccal canal associated with a periapical lesion.
CASE PRESENTATION

A 37-year-old systemically healthy female patient was referred to our clinic with the chief
complaint of persistent pain in a second mandibular molar tooth that had previously undergone
endodontic treatment at another dental center. According to the patient’s history, an instrument
fracture had occurred during the initial root canal treatment procedure. The initial panoramic

radiograph obtained at the referring clinic is shown in Figure 1.

Figure 1. Initial panoramic radiograph obtained at the referring clinic before presentation to
our department.

Clinical examination revealed tenderness associated with the affected tooth. Radiographic
assessment demonstrated a separated instrument located in the mesiobuccal canal together with

a distinct periapical radiolucency, suggestive of apical periodontitis. Based on the clinical and

201



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

radiographic findings, the tooth was diagnosed with pulpal necrosis associated with a periapical

lesion.

After administration of local anesthesia and rubber dam isolation, the temporary restoration was
removed, and the access cavity was re-prepared. The working length was initially determined
using a #15 K-file (Mani, Tochigi, Japan) and confirmed with an electronic apex locator
Woodpex III (Woodpecker, Guangxi, China). An attempt was first made to retrieve the
fractured instrument from the mesiobuccal canal. For this purpose, ultrasonic retrieval was
performed using a TD2 ultrasonic tip (Woodpecker, Guangxi, China) under x5.5 magnification
with a dental loupe (Admetec, Haifa, Israel). Despite careful ultrasonic activation and multiple
retrieval attempts, the fractured instrument could not be safely removed because of its location
and the complex canal anatomy. Considering the risk of excessive dentin removal and possible
perforation, further retrieval procedures were discontinued. The treatment was then continued
by focusing on effective chemo-mechanical preparation of the accessible canal space. All
accessible canals were instrumented using EndoArt rotary files (EndoArt, Istanbul, Tiirkiye) up
to size 30/.04. In the mesiobuccal canal containing the separated instrument, canal preparation
was carried out up to the level of the fractured fragment with a size 40/.04 file. Throughout the
preparation procedure, copious irrigation was performed to enhance canal disinfection.
Following chemo-mechanical preparation, calcium hydroxide intracanal medication was
placed, and the tooth was temporarily restored. The patient was recalled two weeks later for

reassessment.

At the second appointment, a clear improvement in clinical symptoms was observed, with the
patient reporting relief of pain and no tenderness on examination. The calcium hydroxide
dressing was then completely removed from the canals through irrigation and
reinstrumentation. Following the master cone radiograph (Fig. 2), the final irrigation protocol
was performed using 5 mL of 17% ethylenediaminetetraacetic acid, followed by 5 mL of sterile

saline and 5 mL of 2.5% sodium hypochlorite.

202



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

Figure 2. Master cone radiograph

Irrigants were ultrasonically activated to enhance canal debridement and improve penetration
into the accessible canal space. Subsequently, obturation was completed using the single-cone
technique with a bioceramic sealer (MTA Cem, Meta Biomed, Cheongju, South Korea).
Postoperative radiographs confirmed satisfactory root canal filling and adequate obturation

quality. (Fig 3.)

Figure 3. Postoperative radiograph

After completion of the endodontic treatment, the access cavity was permanently restored with
composite resin (Filtek Z250, 3M ESPE, St. Paul, MN, USA). The patient was then scheduled
for periodic follow-up examinations. At the 1-year follow-up, the tooth was asymptomatic, and

radiographic evaluation demonstrated a reduction in the size of the periapical radiolucency.

(Fig. 4)
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Figure 4. One-year follow-up radiograph

At the 2-year follow-up, the tooth remained clinically asymptomatic, and radiographic
assessment revealed significant healing of the periapical lesion, indicating a favorable long-

term treatment outcome. (Fig. 5)

Figure 5. Two-year follow-up radiograph showing marked periapical healing

DISCUSSION

Management of separated instruments remains one of the most challenging complications in
endodontic treatment, particularly in mandibular molars where complex canal anatomy limits
visibility, accessibility, and safe retrieval.(Panitvisai, Parunnit, Sathorn, & Messer, 2010) In the
present case, the fractured instrument was located in the mesiobuccal canal of a mandibular
molar, a region frequently characterized by narrow and curved canal morphology. Such
anatomy not only increases the risk of instrument fracture but also significantly reduces the

likelihood of safe removal without excessive dentin loss.(Turan Gokduman et al., 2025)
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The location of the fractured fragment is an important prognostic factor. Instruments separated
in the apical or middle third of curved mesial canals are generally associated with lower retrieval
success and a greater risk of weakening the root structure during ultrasonic procedures.(Portela,
Rech, Marchionatti, & Barasuol, 2022) In the present case, although ultrasonic retrieval was
attempted under x5.5 magnification, further attempts were discontinued to avoid excessive
dentin removal, perforation, and potential root weakening. These findings agree with previous
reports in the literature. Spili et al. demonstrated that teeth with retained fractured instruments
may exhibit favorable long-term healing, particularly when adequate cleaning and obturation
of the accessible canal system are achieved.(Spili, Parashos, & Messer, 2005) Similarly,
Panitvisai et al. concluded that the presence of a separated instrument alone does not necessarily
reduce the success rate of endodontic treatment.(Panitvisai et al., 2010) In the present case,
despite the presence of an initial periapical lesion, marked healing was observed at the 2-year

follow-up, further supporting these findings.

Another critical factor affecting prognosis is the stage at which the fracture occurs during
instrumentation. If instrument separation occurs after substantial canal cleaning and shaping,
the microbial burden may already be significantly reduced, thereby increasing the likelihood of
healing.(Cujé, Bargholz, & Hiilsmann, 2010) In contrast, fractures occurring during the early
stages of treatment may prevent adequate debridement of the apical canal space and worsen the
prognosis. In the present case, preparation of the mesiobuccal canal could be continued up to
the level of the fractured fragment, which likely contributed to successful microbial

control.(Portela et al., 2022)

The presence of a pre-existing periapical lesion is generally considered a negative prognostic
factor in teeth with separated instruments.(Madarati et al., 2013) Previous studies, including
that of Crump and Natkin, have demonstrated that treatment success is strongly influenced by
the presence of apical pathology at baseline.(Crump & Natkin, 1970) However, despite the
initial periapical radiolucency observed in this case, progressive healing was evident at both the
I-year and 2-year follow-up examinations. This finding further supports the importance of

adequate disinfection and sealing of the accessible canal space.

Intracanal calcium hydroxide medication may also have contributed significantly to the

favorable outcome by reducing residual bacterial load in areas inaccessible to mechanical

205



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

instrumentation.(Siqueira & Lopes, 1999) Ultrasonic activation of the final irrigation solutions
may have played a critical role in the favorable outcome of this case.(Jaiswal et al., 2025) In
the presence of a retained fractured instrument, mechanical instrumentation beyond the
fragment is not possible; therefore, effective chemical debridement becomes even more
important. Passive ultrasonic irrigation enhances irrigant penetration, acoustic streaming, and
debris removal, particularly in anatomically complex areas and inaccessible portions of the
canal system.(Portela et al., 2022) This may have contributed significantly to microbial

reduction and subsequent periapical healing in the present case.

Regarding the need for surgical intervention, endodontic surgery was not considered necessary
in the present case because the tooth became clinically asymptomatic and radiographic healing
progressed during follow-up. Surgical treatment should generally be reserved for cases with
persistent symptoms, non-healing lesions, or progression of apical pathology despite adequate
nonsurgical management.(Kim & Kratchman, 2006) Therefore, the favorable healing observed
in this case supported continuation of a conservative follow-up approach rather than surgical

intervention.

CONCLUSION

Overall, this case demonstrates that successful long-term healing can be achieved even in the
presence of a retained fractured instrument when appropriate disinfection, intracanal
medication, and adequate obturation are provided, highlighting the importance of

individualized clinical decision-making and long-term follow-up.
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ABSTRACT

Many industrial applications and processes heavily rely on heat exchangers to enhance heat transfer efficiency. To
achieve a larger heat transfer surface while maintaining a smaller heat exchanger size or improving its efficiency
without increasing its size, porous media are utilized. Additionally, underground pipes are used for transporting
steam, oil, and other fluids, and their heat transfer can be enhanced by selecting the appropriate type and
configuration of the surrounding porous medium. In this study, an experiment was conducted using four cylinders
placed inside a square duct. Two scenarios were tested: the first without using any porous medium, and the second
using gravel as a porous medium with a porosity of 0.44. The cylinders were arranged in two configurations: an
inline arrangement and a staggered arrangement. The study focused on analysing the effect of the spacing between
the cylinders (3, 3.5, 4, 4.5, and 5 cm) using both numerical and experimental approaches, at a constant Reynolds
number of 28,397 and a constant heat flux of 20,700 W/m?. The objective was to determine the optimal system
performance (performance factor m). The results showed that the optimal spacing for achieving the best
performance was 5 cm in the staggered arrangement, where the performance factor was 2.88% higher in the
numerical study and 2.24% higher in the experimental study compared to the inline arrangement. Furthermore, the
heat transfer coefficient (h) was found to increase with the spacing between the cylinders, and its value was higher
in the staggered arrangement than in the inline arrangement. Additionally, the use of porous media improved the
heat transfer coefficient by 20% compared to the case without any porous medium.

Keywords: Cylindrical system; Porous media, Reynolds number; Experimental work; Staggered arrangement

INTRODUCTION

Heat transfer in cylindrical systems embedded in porous media is critical in applications like
packed-bed heat exchangers, geothermal energy systems, and thermal insulation design. When
one or more heated cylinders are surrounded by porous material (e.g. glass beads, ceramic
granules), the combined effects of geometry, arrangement, porosity, and flow regime
significantly influence convective and conductive heat transport. Experimental studies often
report enhanced Nusselt numbers (Nu) relative to pure-fluid environments, resulting from

increased surface area, obstruction-induced mixing, and porous media conduction pathways.
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Various experimental configurations have been explored: isolated cylinders placed at different
positions, tandem or staggered arrays, concentric setups, and inclined orientations. Key
parameters include Reynolds (Re), Rayleigh (Ra), Peclet (Pe) numbers, porosity (¢), bead size,
and cylinder spacing ratios. Results typically quantify both local and average Nu values and
generate empirical correlations for design use. For instance, Aamer & Abd-hameed (2020), [1]
experimentally placed a heated cylinder within glass-bead packing and observed an up to 67%
increase in Nu with increasing Re. They also provided correlations relating Nu to Re and heat
flux. Tahseen (2007 and 2011), [ 2,3] studied mixed convection in horizontal and inclined
cylinders filled with porous media and presented experimental Nu-Ra-Pe relationships across
inclination angles 0°-60°. Hussain & Jabbar (2013), [4] investigated natural convection in a
cylindrical enclosure filled with porous media under varying inclination and transient boundary
conditions, experimentally correlating Nu with Ra and geometry. Al-Sammarraie, (2013), [5]
studied experimentally natural convection heat transfer from two parallel horizontal cylinders
embedded in a porous media inside a horizontal cylindrical enclosure under constant surface
temperature boundary condition and the effects of media Rayleigh number (Ra=GrxPr),
rotation angle of cylinders and spacing between them on their heat loss ability. The experiments
were done at the range of media Rayleigh numbers between (1.6 <Ra <18.1), cylinders rotation
angles (6 +=0 ° ,45° ,90 ° ) and spacing ratios (S/D= 2, 2.5, 3). The study had clearly showed
that the heat loss ability was a function of media Rayleigh number, cylinders rotation angle and
spacing between them. It was noticed that this ability increased with increase of the media
Rayleigh number and reaches the maximum value at the first and second cylinder (8 +, 8 —)
at spacing ratio (S/D=3) and minimum value at spacing ratio (S/D=2) at rotation angle (6=—45
°,-90 °) for the first and (6=0 ° ,+90 ° ) for second cylinder. Layeghi and Borujerdi, (2008),
[6] investigated numerically analysis of forced convective heat transfer from a staggered tube
bundle with various low conductivity wooden porous media inserts at maximum Reynolds
numbers 100 and 300, Prandtl number 0.7, and Darcy number 0.25. The tubes were at constant
temperature. The extended Darcy—Brinkman—Forchheimer equations and corresponding energy
equation were solved numerically using finite volume approach. Three different porous media
with various solid to fluid thermal conductivity ratios 2.5, 5, and 7.5 were used in the numerical
analysis. The results were compared with the numerical data for tube bundles without porous
media insert and showed that the presence of wooden porous media can increase the heat

transfer from a tube bundle significantly (more than 50% in some cases). Younis, (2010), [7]
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studied numerically the cross-flow and heat transfer from a bundle of staggered cylinders
embedded in a porous media. The effects of Reynolds number within the laminar flow regime,
permeability, and thermal conductivity of the porous material on the fluid flow and heat transfer
from the cylinders in the cross flow were examined. Prandtl number was fixed to 1.0 for gases.
It was found that the porous media may enhanced the rate of heat transfer if the permeability of
the porous material is high and the Darcy number is greater than 10—3 . Also, increasing the
thermal conductivity of the porous material has a positive effect on enhancing the rate of heat
transfer from the single column of cylinders or from the cylinders in the first column of a
multicolumn heat exchanger. However, the porous media may have a negative effect on the rate
of heat transfer from downstream cylinders, where the temperature gradient decreases because
of the enhanced rate of heat transfer from the upstream cylinders. Alvandifar, et al, (2017), [8]
studied numerically the heat transfer and pressure drop for a tube bank with 5 rows of tubes
wrapped by metal foam layers. Use air as work fluid. The results show that covering the tubes
with a thin metal foam layer could result in substantial heat transfer enhancement in comparison
to the bare tube bank. Pressure drop could be regarded as the main drawback of the metal foam
wrapped tube banks. Approximately the same Nusselt number can be achieved compared to the
fully wrapped tubes and at the same time the pressure drop reduces by 60%, area goodness
factor increases by 33% and the amount of the foam usage decreases by 50% with respect to
the fully wrapped foam tubes. H. Sayehvand, et al, (2018), [9] analysed numerically forced
convection heat transfer over three isothermal circular cylinders in staggered configuration in
isotropic packed bed. The laminar 2-D incompressible steady-state equations of momentum and
energy were solved numerically by finite volume method. Simulation was done in three
Reynolds numbers of 80, 120, and 200. Also, heat transfer characteristics of them in empty
channel and porous channel were compared. The results indicate that, using porous media
enhanced Nu. When increasing Reynolds number, heat transfer increased in both channel but
the growth rate of it in porous media is larger. Also, the results of simulation in porous channel
shown that when increasing Peclet number, the heat transfer increased for each of cylinders.
Layeghi and Nouri, (2006), [10] investigated the steady-state laminar and incompressible fluid
flow and forced-convection heat transfer from a circular cylinder for an array of circular
cylinders in the presence and absence of porous media. The cylinders were at constant
temperature and the analysis was restricted to the low and intermediate Peclet number regimes

(Pr=1, Re <40 for a single cylinder and Re <300 for an array of cylinders), and Darcy numbers
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(10—4< Da <10-2). The first-order upwind and power-law schemes and also the QUICK
scheme is used in the numerical solutions. Al-Sumaily, (2014), [11] investigated numerically
the influences of longitudinal and transverse spacing of four heated cylinders in two staggered
and in-line arrangements. The effect of porous media thermal conductivity and Reynolds
number on the flow and heat transfer characteristics around the cylinders had been studied. The
spacing parameter SF (the space between cylinder centres is 1.5 and 3.0) affected on the local
and average heat transfer from the cylinders at three different solid-to-fluid thermal
conductivity ratios, kr (1.725, 57.5 and 248), and (Re D) range (1- 250) for both arrangements.
The results showed that both the average and local Nu, are dependent strongly on Re, SF, and
the cylinder arrangement. However, it was found that the trend of the variations of average Nu
with SF was not considerably altered by kr in both cylinders' configurations. The results also
showed that the thermal performance of the staggered arrangement was higher than that for the
in-line one, with less occupied space. Numerical studies complement experiments by exploring
forced convection around tandem and staggered arrays of cylinders immersed in isotropic
packed beds. Sayehvand et al. (2016) [12] simulated forced convection over three isothermal
cylinders in staggered arrangement, showing significant Nu enhancement in porous media
versus empty flow. Similarly, Sayehvand et al. (2017) [13] analysed two tandem cylinders
embedded in packed beds, illustrating the effects of inter-cylinder spacing on wall heat flux and
Nu. Other studies include concentric cylinder configurations: Ali (2011) [14] experimentally
and numerically studied natural convection between two concentric inclined cylinders with
glass beads medium, deriving Nu—Ra correlations for various inclinations. El-Kady (2021) [15]
numerically investigated forced convection in a cylindrical packed bed exposed to a constant
wall heat flux, finding about 21% higher Nu in non-Darcy regimes compared to Darcy-only
models Foundational numerical and theoretical works provide context: Liu et al. (2020) [16]
examined RB convection in porous media composed of circular obstacles, showing
non-monotonic Nu—¢ behaviour. Recently, Srikanth & Kuznetsov (2025) [17] discovered
symmetry-breaking turbulent flow around cylinder arrays at intermediate porosities (¢p=0.8—
0.9), enhancing heat transfer .In addition, classical studies on forced convection around
arranged cylinders (in air) by Ashjaee & Yousefi (2011) [18] provide experimental insight on
spacing effects for vertical and inclined arrays, though not in porous media—they establish
baseline trends for array flow—heat transfer interactions .Together, these works offer a strong

experimental foundation and theoretical context for studying heat transfer around cylinders in
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porous media with various arrangements. The present study can build upon them by focusing
on experimental configurations under forced, natural, and mixed convection, measuring Nu and

temperature fields for different cylinder layouts, porosities, and flow conditions.

The aim of the present work is enhancing heat transfer by using gravels as porous media
with change cylinders' arrangement such as in-line and staggered arrangements. The following
is the plan of the present work:- 1-To studying numerically and experimentally the effect of
spaces (3, 3.5, 4, 4.5, 5) cm between cylinders on heat transfer to reach the best performance
factor at a constant Reynolds Number (28397) and constant heat flux (20700 W/m2 ) 2- To
investigate numerically of heat transfer at the space (5 cm) that achieves the best performance
factor at a variable Reynolds number and a constant heat flux and other at a variable heat flux
and constant Reynolds number. 3- To find numerically the effect of change the working fluid

(air and water) on heat transfer characteristic with different porosity.
Experimental work
The experimental apparatus

Several experiments were planned and performed forced convection over a bank of cylinders
in different arrangement within the test using the in line and staggered arrangement, the study
is done with and without porous medium, the porosity is (¢ = 0.44). All the steps of building
and preparing the experimental device and the specifications of each part are explained, as well
as taking readings and explaining the governing equations and assumptions. The test model is
manufactured from simple materials available in the local markets. The model consists of the

following parts, which are shown in Fig. (1).

1 Air blower 5 Heaters 9 Anemometer

2 | Honeycombs 6 | Blower switch 10 | Digital manometer
3 | Test section 7 | Voltage setting 11 | Multimeter

4 | Porous media 8 Selector switch 12 | Thermocouples

13 | Pitot tube
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Figure 1. Schematic diagram of the test model

Test section

The figure below shows the cross section studied. The steel plate test section has a cross-
sectional area similar to airflow ducts. The length of the test section is 40 cm. Three sides of
the test section were installed in the channel, while the upper side was movably used to fill and
empty the porous element (gravel) and change the arrangement of the heating element. A mesh
wire each cells (9 x 9) mm2 was used to close both ends of the test section and to prevent the
gravels from seeping out of the test section and fix them in place. Holes are made in the plate
in the required order and then a thermal insulator was placed inside the holes and heating
elements are placed inside these insulators to prevent heat transfer. The duct is sealed with a

thermal silicon to prevent any air leakage. The thermocouples are distributed to each heater and
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upon entry and exit. A digital anemometer is placed before entry to measure air speed, and a
digital manometer with Pitot tube is placed to measure the pressure difference between inlet

and outlet as shown in figure (2).

Figure 2. Test section of the model

Measuring Devices
Vane Anemometer
Wind speed is a major factor affecting the mechanical power output of a wind turbine. As a
result, wind speed must constantly be measured when evaluating a wind turbine. Vane

anemometry is employed in this search to determine the wind speed as illustrated in Fig. (3).

Figure 3. Anemometry device
Power measuring device
A watt meter is used to measure the output power of the developed wind turbine (voltage and
current) generated by the turbine after the model is exposed to a different wind speed, as

illustrated in Fig. (4).
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Figure 4. A watt meter
Temperature measurement:
In the test section, 16 thermocouples are used to measure the surface temperature of the heater
(Tw), with 4 thermocouples placed on each heater surface. These thermocouples are distributed
evenly around the perimeter of the circular heater at 90° intervals, with a spacing of 7.5 cm
between each. Additionally, six more thermocouples are employed: three to measure the inlet
air temperature of the test section, and the remaining three to measure the outlet temperature,

as illustrated.

Figure 5. Temperature measurement distribution
Thermocouples: This HTM 208 B digital LCD Type K Temperature Meter with Probe is rather
practical and convenient to measure their surface temperature. The temperature range (-50°C to
1300°C), made high-quality material, this temperature probe is durable for long-term use. For
professional design, it features stable and reliable performance that it will offer accurate
measurement. Also, this temperature probe is easy to use for its simple design as shown in

Figure (6).
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Figure 6. Temperature measurement distribution

Selector board: The selection panel consists of four switches to control the heat source (heater)

and a switch to control the fan speed as shown in Figure (7).

Figure 7. Selector board

Heater element embedded in porous media

Porosity: Porosity is defined as the ratio of void space, commonly called pore volume, to bulk
volume and is reported either as a fraction or a percentage, and can be defined as the pores
among the parts of solid material containing the fluid passing through it. In this research use

gravels as porous media See Figure (8).

Figure 8. porous media (gravels)
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Mathematically from porosity equations:
$=0.3754+4.744dp ... 1
Where dp: gravel diameter.

-Mean surface temperature calculation

TH1+TH2+TH3+TH4
Tu= yamPPPPPPS 2

TH: Heater temperature
-Heat transfer amount calculation
Qair=MxXxcp (Tout—Tin) ... 3

-Reynolds number calculation
_ pDHU
1]

Re

-Heat transfer coefficient calculations

__or
TH-Tm

RESULTS AND DISCUSSION

The experimental results are illustrated graphically, highlighting the flow field and thermal
behavior under various conditions. In the first case, the Reynolds number and heat flux were
kept constant while varying the spacing between cylinders. The second case maintained a
constant heat flux and cylinder spacing, with a different Reynolds number. In the third case, the
Reynolds number and cylinder spacing remained fixed, while the heat flux was varied. The
fourth case involved constant Reynolds number, heat flux, and cylinder spacing, but different
levels of porosity were tested under air flow. In the fifth case, the same parameters were held

constant, but porosity was varied under water flow conditions.

Distribution of average surface temperatures of each cylinders:

The average temperature of each cylinder in the inline arrangement depends on the location of
the cylinder in relation to the air flow. Where the average temperature in the third and fourth
cylinders is less by 20 °k than the average temperature in the first and second cylinders, because
of the third and fourth cylinders are exposed to air flow directly in contrast to the first and

second cylinders, as shown in the figure (9) experimentally.
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Figure 9. Experimental inline average surface temperature distribution at

(Re=28397, heat flux=20700 W/m?)

Average surface temperature with space:

The average surface temperature at staggered arrangement is lower by 10 °k than inline
arrangement this indicates the heat transfer in staggered arrangement is higher than inline
arrangement, also the average surface temperature in porous media is lower by 98 °k than
average surface temperature without porous media, that indicate the heat transfer in porous

media is higher than heat transfer without porous medias.

Average heat transfer coefficient with space:

The average heat transfer coefficient in the porous media is higher by 196.98W/m2.°k than the
average heat transfer coefficient without porous media, at staggered arrangement average heat
transfer coefficient is higher by 18.3W/m2 .°k than inline arrangement with porous media and
higher by 3.83 W/m2 °k without porous media. Because of the heat transfer coefficient has an
inverse relationship with the temperature difference between the average surface temperatures

of cylinders and the mean temperature of the fluid, the heat transfer coefficient increases. Table

(1),
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Table 1. Average heat transfer coefficient and space between cylinders

Space (cm) Inline experimental Staggered experimental
hav hav hav hav
W/m*K W/m*K W/m*K W/m*K
Without porous With porous Without porous With porous
3 61.68 206.8 59.5 242.8
3.5 57.94 212.7 56.37 244.5
4 55.61 213.8 45.14 249.8
4.5 53.95 215.5 52.55 252.02
5 52.74 217.2 51.21 252.7

Relation heat flux with average surface temperature:

It is normal for the average surface temperature to decrease with the increase in

the Reynolds numbers. The average surface temperature in the inline arrangement with a porous
media is (147.23 °k) lower than without porous media. Also, in a staggered arrangement, the
average surface temperature with a porous media is (152.61 °k) lower than surface temperature
without a porous media. This indicates that the presence of the porous medium increases heat

transfer due to turbulence and high heat transfer area which corresponds to heat flux as shown

in figure (9).

Figure 10. Relation heat flux with average surface temperature, A: inline arrangement, B:

staggered arrangement
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Relation heat flux with average heat transfer coefficient:

Average heat transfer coefficient, the average heat transfer coefficient in the inline arrangement
without porous media is (114.48 W/m?2.°k) less than the heat transfer coefficient in the presence
of the porous media. Also, in the staggered arrangement without porous media it is (133.64
W/m2 .°k) less than the average heat transfer coefficient in the presence of the porous media.
Also, the average heat transfer coefficient in the staggered arrangement is (21.06 W/m2 .°k)
higher than the average heat transfer coefficient in the inline arrangement with porous media as

shown in figure (10).

A . B

Figure 11. Relation heat flux with average heat transfer coefficient at two arrangement, A:

without porous media &B: with porous media
Relation heat flux with average Nusselt Number:

In both the inline and staggered arrangements that the values of the average Nusselt Number
without a porous medium are higher than the average of the Nusselt Number in the presence

of the porous medium as shown in figure (11).
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A

Figure 12. Relation heat flux with average Nusselt Number, A: inline arrangement, B:
staggered arrangement

Relation Reynolds Number with average surface temperature:

It is normal for the average surface temperature to rise with the increase in the heat flux because
of high heat supplied to a constant mass flow rate. The average surface temperature in inline
arrangement without a porous media is (140.68 °k) higher than with a porous media. Also, in a
staggered arrangement, the average surface temperature without a porous medium is (141.28
°k) higher than with a porous media. This indicates that the presence of the porous media
increases heat transfer which Compatible to I. W. Maid, et al; [19] and instaggered average
surface temperature is reduce to (1.76 %) than in line arrangement at without porous media and

(2.36 %) with porous media which Compatible with H. Sayehvand, et al; [9] as shown in figure
(12).

H=e SSllleE e

( 000 20000 3000

A 5 B

i

Figure 13. Relation Reynolds Number with average surface temperature, A: inline
arrangement, B: staggered Figure (4.10) Effect of GC% on the compressive strength.
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ABSTRACT

Anatomy education has been conducted for centuries through classical teaching methods based on cadaver
dissection and has been recognized as one of the fundamental cornerstones of medical education. However, in
recent years, difficulties in cadaver procurement worldwide, limited donation rates, ethical and legal regulations,
and cost-related issues have necessitated the development of alternative methods in anatomy education. In this
context, advancements in digital technologies have led to the emergence of new instructional tools in anatomy
education. Particularly, three-dimensional (3D) anatomy platforms and artificial intelligence (Al)-based image
analysis systems are creating significant transformations in both educational and clinical processes. The aim of
this review is to evaluate the educational effectiveness of advanced 3D digital platforms used in anatomy education
in light of current literature and to demonstrate the potential contributions of these technologies, especially in
educational environments where cadaver shortages occur. This study is a review based on the examination of
scientific articles published within the last ten years. The literature search was conducted across PubMed, Scopus,
and Google Scholar databases. Investigations indicate that 3D platforms enhance students' spatial perception and
facilitate the learning of complex structures. Furthermore, it has been determined that Al-based image analysis
systems provide high accuracy in automatic segmentation and diagnostic processes in radiological imaging. In
conclusion, the integration of digital anatomy platforms and artificial intelligence applications is considered a
significant transformative tool in modern medical education and healthcare services.

Keywords: Digital anatomy, artificial intelligence, 3D visualization, medical education, image analysis

DIJITAL RONESANS SURECINDE UC BOYUTLU ANATOMI PLATFORMLARI VE
YAPAY ZEKA TABANLI GORUNTU ANALIZ SISTEMLERININ ENTEGRASYONU

OZET

Anatomi egitimi, yiizyillar boyunca kadavra diseksiyonuna dayanan klasik dgretim yontemleri ile yiiriitiilmiis ve
tip egitiminin temel yapi taslarindan biri olarak kabul edilmistir. Bununla birlikte son yillarda diinya genelinde
kadavra temininde yasanan giigliikler, bagis oranlarinin smirli olmasi, etik ve yasal diizenlemeler ile maliyet
sorunlar1 anatomi egitiminde alternatif yontemlerin gelistirilmesini zorunlu hale getirmistir. Bu baglamda dijital
teknolojilerde yaganan gelismeler, anatomi egitiminde yeni 6gretim araglarmin ortaya ¢ikmasina yol agmustir.
Ozellikle ii¢ boyutlu (3B) anatomi platformlar1 ve yapay zeka (YZ) tabanli goriintii analiz sistemleri, hem egitim
hem de klinik siire¢lerde 6nemli doniistimler yaratmaktadir. Bu derlemenin amaci, anatomi egitiminde kullanilan
ileri diizey ii¢ boyutlu (3B) dijital platformlarin egitim etkinligini giincel literatiir 15181nda degerlendirmek ve
ozellikle kadavra eksikliginin yasandigi egitim ortamlarinda bu teknolojilerin potansiyel katkilarini ortaya
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koymaktir. Calisma, son on yil igerisinde yayimlanmig bilimsel makalelerin incelenmesine dayali bir derleme
niteligindedir. Literatiir taramas1 PubMed, Scopus ve Google Scholar veri tabanlarinda gerceklestirilmistir. Yapilan
incelemeler, 3B platformlarin &grencilerin mekansal algisini artirdigi ve kompleks yapilarin dgrenilmesini
kolaylagtirdigin1 gostermektedir. Ayrica yapay zekd (YZ) tabanli goriintii analiz sistemlerinin, radyolojik
goriintiilemede otomatik segmentasyon ve tani siireglerinde yiiksek dogruluk sagladigi saptanmistir. Sonug olarak,
dijital anatomi platformlar1 ve yapay zeka uygulamalarinin entegrasyonu, modern tip egitimi ve saglik
hizmetlerinde 6nemli bir doniisiim arac1 olarak degerlendirilmektedir.

Anahtar Kelimeler: Dijital anatomi, yapay zeka, 3B gorsellestirme, tip egitimi, goriintii analiz

INTRODUCTION

Anatomy education is one of the most fundamental components of medical training and
represents one of the oldest disciplines, playing a central role in helping students understand
the structural organization of the human body. For centuries, this discipline has been taught
through cadaver dissection under the philosophy of “mortui vivos docent” (the dead teach the
living). A solid foundation in anatomical knowledge is indispensable for a wide range of
competencies, from the acquisition of clinical skills to the understanding of surgical approaches.
Therefore, the quality of methods used in anatomy teaching directly influences the overall
quality of medical education. For many years, cadaver dissection has served as the cornerstone
of this education, enabling students to learn three-dimensional anatomical relationships through
direct observation. The tactile feedback and hands-on experience provided by dissection offer
significant advantages in terms of knowledge retention. However, in recent years, difficulties
in cadaver procurement, limited donation rates, ethical concerns, and high costs have
increasingly challenged the sustainability of this method (Aziz & McKenzie, 2016; Jones,
2019).

The rapid advancement of digitalization has led to the emergence of new approaches in anatomy
education. In particular, three-dimensional (3D) digital anatomy platforms allow students to
examine anatomical structures from multiple perspectives, navigate between layers, and better
understand complex spatial relationships. These systems transform the learning process from
passive information transfer into an interactive and exploratory experience. Several studies have
demonstrated that 3D digital tools enhance students’ spatial understanding and increase

learning motivation (Nicholson et al., 2006; Moro et al., 2017; Nicholson & Chalk, 2019).

In parallel, artificial intelligence (Al) applications are increasingly being integrated into both
medical education and clinical practice. Deep learning algorithms developed for medical
imaging have achieved significant progress in areas such as automated image segmentation,

anomaly detection, and diagnostic decision support systems. Al-based systems can provide
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personalized feedback to students during the learning process and support clinicians by
improving diagnostic accuracy in clinical settings (Litjens et al., 2017; Topol, 2019). These
developments indicate that anatomical knowledge is evolving from a purely theoretical

foundation into a dynamic structure integrated with digital and analytical tools.

In this transformation process, often described as a “Digital Renaissance,” anatomy education
is becoming more accessible, visualizable, and individualized. Rather than completely
replacing traditional methods, digital platforms and AI applications often serve as
complementary tools, contributing to the development of hybrid educational models. In this
context, it becomes possible to create a multifaceted learning environment that addresses

different learning styles (Erdal, 2021; Pather et al., 2020).

This study aims to evaluate digital anatomy platforms and artificial intelligence applications
together, and to comprehensively examine their impact on both anatomy education and clinical

practice.
MATERIALS AND METHODS

This review is based on a comprehensive examination of scientific studies published within the
last ten years. In line with the main objective of the study, the literature search was conducted
using the PubMed, Scopus, and Google Scholar databases. During the search process, the broad
coverage of different databases was taken into consideration in order to access a wide range of

relevant literature.

99 <¢

The keywords “digital anatomy,” “3D anatomy education,” “artificial intelligence in medical
imaging,” “deep learning segmentation,” and “medical education technology” were used
individually and in various combinations. Following the initial search, the retrieved studies
were screened at the title and abstract level, and publications not directly related to the aim of
the study were excluded. The full texts of the eligible studies were then reviewed for final

evaluation.

The selected studies were categorized under four main headings: (i) anatomy education, (ii)
three-dimensional visualization technologies, (ii1) artificial intelligence applications, and (iv)
clinical application areas. This classification enabled a more systematic analysis of the findings
in the literature and facilitated the identification of relationships between different fields. Each
study was examined in detail in terms of methodology, sample characteristics, technologies

used, and key findings.
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The inclusion criteria comprised studies published within the last ten years, articles published
in peer-reviewed journals, and studies with accessible full texts. Additionally, only studies
published in English were included. Exclusion criteria consisted of editorial papers, conference

abstracts, studies without full-text access, and publications not directly relevant to the subject.

The obtained data were evaluated using a qualitative analysis approach, and similarities and

differences among the studies were comparatively analyzed.
RESULTS AND DISCUSSION

The literature review clearly demonstrates that three-dimensional (3D) anatomy platforms
provide multifaceted contributions to students’ learning processes. These platforms have been
found to be more effective than traditional atlases and two-dimensional images, particularly in

understanding the spatial relationships of complex anatomical structures.

A study by Moro et al. showed that 3D visualization tools significantly improve students’ spatial
thinking skills and positively contribute to learning performance. Similarly, Pujol et al. reported
that digital anatomy applications enhance academic achievement and make the learning process

more motivating.

These findings are also supported by earlier studies. Nicholson et al. reported that computer-
assisted 3D anatomy models enhance students’ conceptual understanding, while a systematic
review by Yammine and Violato emphasized that 3D learning tools provide more pronounced
benefits, particularly for students with low to moderate spatial abilities. Additionally, Triepels
et al. demonstrated that virtual and augmented reality—based anatomy applications increase
student engagement and make learning more durable. Taken together, these studies indicate that
digital anatomy platforms not only facilitate knowledge acquisition but also transform the

quality of learning.

Another important advantage of digital tools is their ability to support individualized learning.
Students can study at their own pace, revisit challenging structures, and personalize their
learning experience through various visualization options. However, some studies have noted
that digital tools alone may not be sufficient, particularly due to the lack of tactile feedback,
which remains an important limitation (Pather et al., 2020). This highlights the importance of

hybrid educational models.
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When artificial intelligence (Al)-based image analysis systems are examined, significant
advancements are evident, particularly in radiology and neuroimaging. Litjens et al.
demonstrated that deep learning algorithms have a wide range of applications in medical image
analysis and provide high accuracy rates. Esteva et al. further showed that Al-based systems
can achieve performance levels comparable to experts in image classification and diagnostic

processes.

Studies in brain imaging have shown that automated segmentation algorithms make important
clinical contributions. The automated segmentation methods developed by Fischl have been
reported to produce results in brain volumetric measurements that are highly comparable to
manual methods. More recent studies, such as those by Isensee et al., have demonstrated that
deep learning—based segmentation models achieve high performance across different datasets

and are suitable for clinical use.

Furthermore, the integration of Al systems into clinical decision support mechanisms shortens
diagnostic time and reduces physicians’ workload. Topol emphasized the potential of artificial

intelligence to reduce error rates in diagnostic processes and support early detection.

In studies focusing on neurodegenerative diseases, Al algorithms have been shown to have high
sensitivity in detecting early-stage changes, thereby enabling earlier intervention in treatment

processes (Vieira et al., 2017).

Evaluating digital anatomy platforms together with Al applications reveals that these two
technologies form a complementary structure. While digital platforms help students better
understand fundamental anatomical knowledge, Al systems facilitate the translation of this
knowledge into clinical practice. For example, anatomical structures learned through 3D
platforms can be identified on real patient data using Al-supported image analysis systems,

thereby reducing the gap between theoretical knowledge and clinical application.

In conclusion, the current literature indicates that the combined use of digital anatomy and
artificial intelligence technologies creates a synergistic effect in both education and clinical
practice. However, for the effective implementation of these technologies, it is necessary to
redesign pedagogical approaches, strengthen technical infrastructure, and enhance faculty
training. Future studies should focus on evaluating long-term learning outcomes and their

impact on clinical performance in a more comprehensive manner.
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Challenges and Limitations

Despite the advantages of digital anatomy platforms and artificial intelligence applications,
several important limitations remain. First, the cost and technical infrastructure requirements of
these technologies are not accessible for every institution. In addition, digital environments

cannot fully provide the tactile experience obtained through cadaver dissection.

From an educational perspective, integrating these systems into the curriculum and providing
adequate faculty training are essential. In Al applications, data quality, ethical concerns, and
privacy issues stand out. Moreover, there is still insufficient evidence regarding their long-term

effects.

Therefore, it is recommended that digital and Al-based methods be used in a complementary

manner alongside traditional education.

CONCLUSION

The "Digital Renaissance" in anatomy education represents a hybrid era where traditional
methods are blended with technological opportunities. Three-dimensional anatomy platforms
allow medical students to go beyond mere theoretical memorization of anatomical structures,
enabling them to manipulate these structures in a three-dimensional plane and gain a sense of
depth perception. Literature studies prove that these platforms are the closest and most effective
alternative to cadaver dissection, particularly in developing spatial intelligence (Kartal et al.,
2021).

Considering the global decline in cadaver donations and the complexity of ethical procedures,
digital tools have become a necessity for the sustainability of medical education rather than
just a preference (Erdal, 2021). However, the success of these technologies is measured not
only by their visual capabilities but also by their ability to integrate with artificial intelligence
systems. Artificial intelligence-based image analysis systems enable anatomical knowledge to
materialize in the clinical application phase. In particular, automatic segmentations minimize
the margin of error in physicians' diagnostic processes and pave the way for "personalized
medicine" applications (Demircan and Aktas, 2021).

In the future, it is predicted that augmented reality (AR) and virtual reality (VR) technologies
will establish a deeper integration with artificial intelligence algorithms. This will open the
door for medical students to perform surgical simulations on virtual patients and experience

anatomical variations in real-time before moving on to the clinical stage (Wang et al., 2021).
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Consequently, digital platforms and artificial intelligence systems, as an integral part of
modern medical education and healthcare services, serve as a fundamental transformative tool

that enhances both academic success and patient safety.
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ABSTRACT

The aim of this study is to identify the bibliometric characteristics of scientific publications on circadian rhythm
research in sports science. Within the scope of the study, 517 articles published in the sports science category and
included in the Web of Science (WoS) database were examined. Using bibliometric analysis methods via the
VOSviewer software, the data were analyzed to assess the distribution of publications by year, the most productive
authors, institutions, and countries, as well as co-authorship and keyword networks. The findings indicate that the
number of publications in the field of circadian rhythms in sports has increased significantly, particularly after
2003, and that France and the United Kingdom are the top publishing countries. Additionally, it was determined
that certain authors and institutions played a central role in the field’s development, while keyword analyses
highlighted terms such as “sleep,” “exercise,” and “menstrual cycle.” Consequently, it is believed that this
bibliometric study can contribute to the field by presenting research trends, collaboration structures, and scientific
orientations in the field of circadian rhythms in sports within a comprehensive framework.

Keywords: Circadian rhythm, Sleep, Bibliometric analysis, biological clock

SPOR BILIMLERINDE SIRKADIYEN RiTIM ARASTIRMALARININ BIBLIYOMETRIK
INCELEMESI: WOS VERILERINE DAYALI BiR YAKLASIM

OZET

Bu caligmanin amaci, spor bilimlerinde Sirkadiyen ritim arastirmalar: ile ilgili yapilan bilimsel c¢aligmalarin
bibliyometrik 6zelliklerini ortaya ¢ikarmaktir. Yapilan Arastirmada, Web of Science (WoS) verilerinde bulunan ve
spor bilimleri kategorisinde yer alan 517 calisma incelenmistir. Calismalar, bibliyometrik analiz metodu
kullanilarak VOSviewer programi araciligi ile analiz edilmistir. Calismalarin yillara gére dagilimi, en iiretken
yazarlar, kurumlar, iilkeler ile yazarlik ortakliklar1 ve anahtar kelime aglari incelenmistir. Bulgular, sporda
Sirkadiyen ritim alanindaki yayinlarm 2003 tarihinden sonra artis gosterdigini Amerika Birlesik Devletleri, Fransa
ve Ingiltere’nin yiiksek galisma yapan iilkeler oldugunu gdstermektedir. Ayrica belirli kurum ve arastirmacilarin
alanin gelisiminde 6n plana ciktig:1 tespit edilmistir, anahtar kelime analizlerinde ise sleep, exercise ve menstrual
cycle kelimelerinin 6n planda oldugu goriilmektedir. Bu bibliyometrik ¢alismanin sporda sirkadiyen ritim
alanindaki arastirma egilimlerini ve is birligi yapilarin1 ortaya cikararak alana katki saglayabilecegi
distiniilmektedir.

Anahtar kelimeler: Sirkadiyen ritim, Uyku, Bibliyometrik analiz, Biyolojik saat
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GIRIS

Insan organizmasinda fizyolojik siiregler, igsel biyolojik saat tarafindan diizenlenmekte olup bu
diizenin temelini sirkadiyen ritim olusturmaktadir. Yaklasik 24 saatlik dongiiler halinde isleyen
bu ritim; uyku-uyaniklik dengesi, hormonal salinim, viicut 1s1s1, metabolik siirecler ve biligsel
fonksiyonlar gibi bir¢gok biyolojik mekanizmanin zamanlanmasinda belirleyici rol
oynamaktadir (Czeisler & Gooley, 2007; Potter ve ark., 2016). Sirkadiyen ritmin diizenli
isleyisi, organizmanin fizyolojik dengeyi koruyabilmesi ve giinliikk performans kapasitesini
stirdiirebilmesi agisindan kritik bir 6neme sahiptir (Brainard ve ark., 2015). Son yillarda
sirkadiyen ritim tlizerine yapilan ¢aligmalarin artmastyla birlikte, bu biyolojik mekanizmanin
yalnizca uyku diizeni ile sinirlt olmadigi, ayn1 zamanda fiziksel ve biligsel performans tizerinde
de belirleyici etkiler olusturdugu tespit edilmistir. Spor bilimleri alaninda gerceklestirilen
aragtirmalar, giliniin farkli saatlerinde sergilenen performans diizeylerinde anlamli degisimler
oldugunu ve bu degisimlerin biiyiik dl¢iide sirkadiyen ritim ile iligkili oldugunu gostermektedir
(Reilly & Edwards, 2007). Kuvvet, siirat, dayaniklilik, reaksiyon zamani ve koordinasyon gibi
performans bilesenlerinin giin i¢indeki dalgalanmalari, sporcularin biyolojik ritimlerine bagl
olarak farklilik gosterebilmektedir (Watson, 2017). Sporcularda sirkadiyen ritmin performans
iizerindeki etkisi, 6zellikle antrenman planlamasi ve yarisma zamanlamasi agisindan 6nemli bir
arastirma alani haline gelmistir. Bireysel kronotip farkliliklarinin (sabahg¢i-aksamci egilimler)
performans ¢iktilar1 lizerinde belirleyici oldugu ve antrenman saatlerinin bu biyolojik
ozelliklere gore diizenlenmesinin performansi optimize edebilecegi ifade edilmektedir (Randler
& Schaal, 2010; Selvi ve ark., 2017). Ayrica, antrenman programlari, seyahat, yarisma stresi ve
diizensiz uyku gibi faktdrlerin sirkadiyen ritmi etkileyerek sporcularda yorgunluk, performans
kayb1 ve toparlanma siiresinde gecikmeye yol acabilecegi belirtilmektedir (Sargent ve ark.,

2014; Fullagar ve ark., 2015).

Biblometrik analizler, belirli bir arastirma alanindaki bilimsel iiretimin gelisimini, arastirma
egilimlerini ve bilgi yapisini ortaya koymada etkili yontemler arasinda yer almaktadir. Web of
Science (WoS) veri tabanindan elde edilen verilerin VOSviewer yazilimi ile gorsellestirilmesi,
anahtar kelime aglari, yazar is birlikleri ve konu kiimeleri gibi 6nemli bilimsel yapilarin analiz

edilmesine olanak saglamaktadir.
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Bu dogrultuda, mevcut calismanin amaci spor bilimleri alaninda sirkadiyen ritim {izerine
yapilan aragtirmalarin bibliyometrik 6zelliklerini incelemek ve bu alandaki bilimsel egilimleri
ortaya koymaktir. Elde edilen bulgularin, gelecekte yapilacak ¢alismalar igin yol gdsterici
olmas1 ve sporcularda performans optimizasyonuna yonelik bilimsel bir ¢erceve sunmasi

ongoriilmektedir.

MATERYAL VE METOT

Sporda sirkadiyen ritim tizerine yapilan arastirmalarin literatiiriine yonelik Web of Science
(WoS) araciligr ile bulunan 517 ¢alismanin VOSviewer programi araciligiyla

haritalandirildigi ¢aligmada "amagh 6rnekleme" yontemi kullanilmastir.

Verilerin Elde Edilmesi: Yapilan ¢aligmaya WoS veri tabaninda bulunan makaleler dahil
edilmigtir. WoS veri tabanina, “circadian rhythm or biological clock and sport” anahtar
kelimeleri yazilarak elde edilen veriler incelenmistir. Dokiiman tiirii olarak “makale” ,
Kategori: “spor bilimleri” Dil: “Ingilizce” filtrelemeleri uygulanmistir. Toplamda 63,587
caligma ile baslayan arastirma , yapilan degerlendirmeler sonucunda 517 caligmaya
distiriilmiistiir. Verilerin se¢ilmesinde, PRISMA kontrol protokoliinden faydalanilmistir

(Page vd., 2021).
Verilerin Toplanmasi ve Analizi:

Bu caligmadan edinilen veriler WoS analiz sonuglar1 ve VOSviewer programi ile
degerlendirilmistir. Elde edilen wverilerin analizinde, bibliyometrik analiz yontemi
kullanilmistir. Bibliyometrik analiz yontemi alana yon veren temel calismalari sayisal verilerle
inceleyen nicel bir aragtirma yontemidir (Mezquita vd., 2024). Bibliyometrik analiz isleminde,
VOSviewer programi kullanilmistir. VOSviewer, programi verileri gorsellestirmek igin
bilimsel haritalara doniistiiren bir analiz programidir (Van Eck ve Waltman, 2010). WoS analiz
sonuclart sekmesinde, “circadian rhythm or biological clock and sport” iliskisine yonelik;
caligmalarin yazarlara gore dagilimi, yayinlarin kurumlara gére dagilimi, yaymnlarin iilkelere
gore dagilimi, yayinlarin finansman kurumlarina goére dagilimi belirlenerek edinilen sonuglar
caligmaya dahil edilmek iizere analiz edilmistir. Sirkadiyen ritim ile ilgili yapilan ¢alismalarin
ozelliklerini belirlemek amaciyla analizler ii¢ temel boyutta calistimistir. Oncelikle, sosyal

yapiy1 belirlemek adina yazarlar, kurumlar ile tilkeler arasindaki ortak yazarlik (co-authorship)
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aglar1 belirlenmistir. Sonraki asamada, literatiirlin giincelligini belirlemek i¢in anahtar kelime

(co-occurrence) analizleri uygulanmistir. Son olarak, yazar ve iilke bazindaki atiflar (citation)

haritalandirilmigtir.  Alizlerden elde edilen gorsel ve sayisal veriler bulgular kisminda

aciklanmustir (Sekil 1,2,3,4,5,6,7,8 ve 9)

) 3 .
[ Veri tabanlarina gére konu ilé@f’gili galismalarin belirlenmesi ]
o O@ O
© )
i
0
= Web of science internet tabanina kayitli ¢calismalar (63,587) Q
c
i d y
— N @ N
Dile gore taranan kayitlar (65,144) —> Dite gore Hatigtfulan
g v ! kayitlar(n=443)
¢ J
© ) indekse gore harig tutulan kayitlar
g indekse gore taranan kayitlar(n=65,144)) ———» (SSC1,SC-E ve ESCI harig yayinlar)
@ (n=6,492)
[ ) . J
) f ) \
Uygunluk icin degerlendirilen makaleler Harig tutulan kayitlar: derleme
(n=58,652) makaleler,editor
- ) materyelleri,toplanti 6zetlerierken
gorinim calismalar,geri cekilmis
) yayinlar kitap boltimleri vb.ve spor
E ) bilimleri haricindeki kategoriler
yol =58,135
-8 Calismaya dahil edilen toplam K {aRian) /
= kayit(n=517)
©
=) J

Sekil 1. PRISMA akis diyagramina gore ¢alismanin dizayni (Page ve ark., 2021).

BULGULAR

Verilerin incelenmesinde, (WOS) tabaninin sundugu grafiksel ara yiizler ile VOSviewer

gorsellestirme araclar1 kullanilmistir. Analiz sonuglari; TreeMap Chart ve Bar Charts ile

VOSviewer tabanli ag haritalar1 (network maps) olmak iizere iki sekilde detaylandirilmistir.
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Sekil 2. Sporda sirkadiyen ritim alani ile ilgili yapilan ¢aligmalarin yillara gore dagilimi
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Sekil 3. Sirkadiyen ritim ve spor ¢aligmalari ile ilgili yaymlarin kurumlara gore dagilimi
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Sekil 4. Sirkadiyen ritim ve spor arastirmalarina yonelik en ¢ok yayin yapan yazarlarin dagilimi

"
Davenne D

Sekil 2. Web of Science tabanindaki 517 ¢alismanin 2003-2025 yillar1 arasindaki dagilimi
incelendiginde, yayinlarin dalgali bir seyir izledigi gézlemlenmektedir. Caligmalarin en diigiik
seviyede oldugu yil 12 yaymla 2022, en yiikksek oldugu yil ise 26 yaymla 2013 olarak

belirlenmistir.

Sekil 3. Incelendiginde, sirkadiyen ritim ve spor alani ile ilgili yaymn yapan kurumlarin dagilimi
gosterilmektedir. En yiiksek katkinin 21 yayin ile liverpool john moores university birimine ait
oldugu goriilmektedir. Bu kurumu, University de sfax 18 yayin, Universite de caen 13 yayin ile

takip etmektedir.

Sekil 4. Incelendiginde, sirkadiyen ritim ve spor ile ilgili yapilan yaymlarin yazar dagilimi
goriilmektedir. En tiretken 25 yazar arasinda Chtourou H. 17 yayin ile ilk sirada yer alirken,

Chamarika K. 13 yay ile ikinci sirada, Chaouachi A. ise 12 yayn ile alana katki saglamistir
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Sekil 5. Sirkadiyen ritim ve spor konulu yapilan yayinlarin iilkelere gore dagilimi

Sekil 5. incelendiginde, sirkadiyen ritim ve spor alaninda yapilan yayinlara katki saglayan
ilkelerin grafigi gosterilmektedir. En fazla yaymnin 173 calisma ile ABD kaynakli oldugu
goriilmektedir. ABD’yi 71 yayinla Ingiltere izlemis 58 yayn ile Fransa *da yapilan ¢alismalara
katki saglamigtir.
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Sekil 6. Sirkadiyen ritim ve spor konulu yapilan yayimlarin ortak yazar baglantisi
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Sekil 6. incelendiginde, sirkadiyen ritim ve spor alanindaki yazar is birligi aginin, arastirmacilar
arasinda yogun ve ¢ok yonlii bir etkilesim yapisina sahip oldugu goriilmektedir. Agin genel
olarak yiiksek derecede baglantili olmasi, ¢alismalarin biiyiik 6l¢iide ortak yazarlik temelinde

yuriitiildiigiine isaret etmektedir.
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Sekil 7. Sirkadiyen ritim ve spor konulu yayinlarin ortak yazar iilkeler aras1 baglantisi

Sekil 7. Incelendiginde, sirkadiyen ritim ve spor alamindaki iilkeler arasi is birligi agmnin
merkezinde USA nin yer aldigi goriilmektedir. USA’nin basta Ingiltere ve Fransa olmak iizere
birgok tilke ile dogrudan baglant1 kurdugu, diger iilkelerin ise daha sinirl is birligi iliskilerine
sahip oldugu goriilmektedir. Bu durum, uluslararasi is birliklerinin belirli merkezler etrafinda

yogunlastigin1 gostermektedir.
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Sekil 8 Sirkadiyen ritim ve spor iligkisine yonelik yapilan yayinlarin ortak alint1 yazar baglantisi
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Sekil 8. incelendiginde, Esser, Karyn A. ve Wolff, Gretchen’1n yiiksek atif sayilar1 ve baglanti
giicli degerleri ile agin merkezinde yer alan is birlik¢i yazarlar oldugu goriilmektedir. Bu durum,

s0z konusu yazarlarin alan igerisindeki en etkili ve belirleyici arastirmacilar oldugunu

gostermektedir.

drop jump
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Anahtar kelime Olusum Toplam baglanti kuvveti
Circadian rhythm 12 45
Sleep 5 17
Circadian rhythms 4 13
Muscle strength 3 14
Exercise 3 10

Sekil 9. incelendiginde sirkadiyen ritim ve spor iliskisini konu alan ¢alismalarda kullanilan
anahtar kelime baglantilar1 gosterilmektedir.Anahtar kelimeler farkli renk gruplarina
ayrilmaktadir. Anahtar kelime kullaniminda “circadian rhythm” 12 sayi ile birinci, “sleep” 5
say1 ile ikinci, “circadian rhythms” 4 say1 ile ii¢iincii, “muscle strength” 3 say1 ile dordiincti,

“exercise” 3 say1 ile besinci sirada yer almaktadir. Toplam baglant1 giicii agisindan sirkadiyen
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ritmin; kalp hizi, kas kuvveti ve egzersiz kapasitesi gibi performans parametreleriyle merkezi

bir iligki i¢cinde oldugu goriilmektedir.
TARTISMA

Bu c¢alismada elde edilen bulgular, spor bilimlerinde sirkadiyen ritim arastirmalarinin
gelisiminin dogrusal degil, dalgal1 bir seyir izledigini gostermektedir. Sirkadiyen ritim ve spor
ile ilgili yapilan yayin sayisinin 2013 yilinda 26 yayn ile en yiiksek seviyeye ulastigi, 2022
yilinda ise 12 yayin ile en diisiik yaymn sayisinin gerceklestigi tespit edilmistir. Kurumlar
diizeyinde Liverpool John Moores University 21 yayin ile alana en fazla katki saglayan kurum
olmustur. University of Sfax 18 yayin, Université de Caen Normandie ise 13 yayin ile alana
katki saglayan diger kurumlar arasinda yer almaktadir. Sirkadiyen ritim ve spor iliskisine ait
yayinlarda, Hamdi Chtourou’nun 17 yayn, K. Chamarika’nin 13 yayim ve Anis Chaouachi’nin
12 yayin ile alanin gelisiminde 6n plana ¢iktig1 goriilmektedir. Atif aglarinda ise Karyn A. Esser
ve Gretchen Wolff gibi yazarlarin merkezde yer almasi hem {iretkenligin hem de bilimsel
etkinin belirli isimler tizerinde yogunlastigini gostermektedir. Alana katki saglayan {ilkeler
incelendiginde en fazla yaymin 173 yaym ile Amerika Birlesik Devletleri’ne ait oldugu
goriilmektedir. Bunu 71 yayn ile Ingiltere ve 58 yayn ile Fransa takip etmektedir. Anahtar
kelime analizlerinde ise “Circadian rhythm”, “sleep”, “muscle strength” ve “exercise” gibi
kavramlarin ©6ne ¢ikmasi, aragtirmalarin dogrudan performans parametreleriyle iliskili
oldugunu gostermektedir. Sirkadiyen ritmin kalp atim hizi, kas kuvveti ve egzersiz kapasitesi
gibi degiskenlerle giiclii baglant1 gdstermesi, bu biyolojik mekanizmanin spor performansi
iizerindeki belirleyici roliinii desteklemektedir. Bu baglamda, antrenman zamanlamasi,
toparlanma siiregleri ve bireysel kronotip farkliliklarin daha fazla dikkate alinmasi gerektigi
diisiiniilmektedir. Sonug olarak, bu ¢alismada elde edilen bulgular spor bilimlerinde sirkadiyen
ritim arastirmalarinin dalgali ancak genel olarak gelisim gdsteren bir yapiya sahip oldugunu
ortaya koymaktadir. Yayinlarin belirli yillarda yogunlastigi, aragtirma iiretiminin ise sinirl
sayida iilke, kurum ve arastirmaci etrafinda toplandigi goriilmektedir. Ozellikle anahtar kelime
analizleri, literatiiriin performans fizyolojisi ve egzersiz iligkisi iizerinde yogunlastigini
gostermektedir. Bu baglamda, sirkadiyen ritmin spor performansi lizerindeki etkilerinin
gelecekte daha biitiinciil ve uygulamaya doniik caligmalarla ele alinmasinin 6nemli olacagi

diistiniilmektedir.
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ABSTRACT

The C-canal structure is a complex anatomy that increases the difficulty of disinfection and the risk of iatrogenic
complications due to the connections between root canals and thin dentin walls. The aim of this report is to present
the one-year clinical and radiographic follow-up of root canal retreatment (RCR) performed in a left mandibular
first molar tooth (#36) with a C-canal configuration. A systemically healthy 24-year-old female patient presented
to the endodontics clinic with the complaint of severe pain in tooth #36. Clinical and radiographic examination
revealed a C-canal configuration and a periapical lesion in the tooth with inadequate root canal treatment. After
rubber dam isolation was achieved, the old restoration was removed. During the examination performed under a
dental operating microscope (DOM), four separate canal orifices were identified. Subsequently, the previous root
canal fillings were removed by the combined use of a TD6 ultrasonic tip (Woodpecker, Guangxi, China) and a
retreatment file (Perfect, Guangxi, China). The root canals were shaped up to 50/.04 with rotary files (Endo Art,
Istanbul, Tiirkiye), and calcium hydroxide medication was placed. Two weeks later, final irrigation was performed
with ultrasonic activation (Eighteeth, Jiangsu, China) in the asymptomatic tooth. Root canal obturation was
performed using the cold lateral compaction technique with a bioceramic-based root canal sealer. The permanent
restoration was completed using composite resin. In the one-year follow-up radiograph, a significant reduction in
periapical radiolucency was observed. The patient was asymptomatic and the tooth was functional. In teeth with
complex C-canal morphology, the use of ultrasonic systems and DOM may provide important contributions to the
performance of minimally invasive RCR and the improvement of treatment success.

Keywords: Bioceramic, C-canal, Dental operating microscope, Mandibular first molar, Ultrasonic

C-KANALLI MANDIBULAR BIRINCIi MOLARDA ULTRASONIK DESTEKLI KOK
KANAL TEDAVISI TEKRARI

OZET

C-kanal yapisi, kok kanallari arasindaki baglantilar ve ince dentin duvarlari nedeniyle dezenfeksiyon giigliigii ve
iatrojenik komplikasyon riskini artiran kompleks bir anatomidir. Bu raporun amaci, C-kanal yapisina sahip sol
mandibular birinci molar diste (#36) gerceklestirilen kok kanal tedavisi tekrarinin (KKTT) bir yillik klinik ve
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radyografik takibini sunmaktir. Sistemik olarak saglikli 24 yasindaki kadin hasta, #36 numarali disinde siddetli
agn sikayeti ile endodonti klinigine bagvurdu. Yapilan klinik ve radyografik muayenede, yetersiz kok kanal
tedavisine sahip diste C-kanal konfigiirasyonu ve periapikal lezyon tespit edildi. Rubber dam izolasyonu
saglandiktan sonra eski restorasyon uzaklastirildi. Dental operasyon mikroskobu (DOM) altinda yapilan
incelemede dort ayr1 kanal orifisi tespit edildi. Ardindan TD6 ultrasonik tip (Woodpecker, Guangxi, Cin) ve
retreatment egesi (Perfect, Guangxi, Cin) kombine kullanilarak eski kok kanal dolgular1 uzaklastirildi. Kok
kanallari, doner egeler (EndoArt, Istanbul, Tiirkiye) ile 50/.04’¢ kadar sekillendirildi ve kalsiyum hidroksit
medikasyonu yapildi. Tki hafta sonra asemptomatik olan diste ultrasonik aktivasyon (Eighteeth, Jiangsu, Cin) ile
final irrigasyon yapildi. Biyoseramik esasli kok kanal pat1 kullanilarak soguk lateral kompaksiyon teknigi ile kok
kanal dolumu gergeklestirildi. Daimi restorasyon kompozit rezin kullanilarak tamamlandi. Bir yillik takip
radyografisinde periapikal radyoliisenside belirgin azalma gozlendi. Hasta asemptomatikti ve dis fonksiyondaydi.
Karmagsik C-kanal morfolojisine sahip dislerde, minimal invaziv KKTT’nin gergeklestirilmesi ve tedavi
basarisiin artirilmasi agisindan ultrasonik sistemler ve DOM kullanim1 6nemli katkilar saglayabilir.

Anahtar Kelimeler: Biyoseramik, C-kanal, Dental operasyon mikroskobu, Mandibular birinci molar, Ultrasonik

INTRODUCTION

Success in endodontic treatment depends on the effective cleaning, shaping, and hermetic
obturation of the root canal system (Ahmed, Abu-bakr, Yahia, & Ibrahim, 2007; Torabinejad,
2023). Therefore, standard root and canal morphology must be thoroughly understood, and
anatomical variations should be accurately identified and distinguished. Mandibular first molars
exhibit highly complex root canal morphologies. These teeth typically present with a well-
defined mesial root containing two canals and a well-defined distal root containing one or two
canals (Vertucci, 1984). Variations in the root canal system may include configurations with
five, six, or even seven canals; the presence of a middle mesial canal, a middle distal canal, four
mesial root canals, or four distal root canals (Kiric1i & Kog, 2019; Tredoux, Warren, &
Buchanan, 2021). These anatomical variations have been shown to be strongly associated with
several factors, including ethnicity, age, sex, and environmental influences (Marceliano-Alves

etal., 2019).

The C-shaped canal configuration was first described in the endodontic literature by Cooke and
Cox in 1979. This morphology was termed a “C-shaped canal” based on the cross-sectional
shape of the root and root canal system (Cooke & Cox, 1979). C-shaped canals are considered
an anatomical variation resulting from root fusion. This condition arises due to the failure of
Hertwig’s epithelial root sheath to develop or fuse in the furcation area during tooth
development. Failure on the buccal side results in a lingual groove, and vice versa. Failure on
both sides leads to the formation of a conical or prism-shaped root (Kadam & Ataide, 2013). In

teeth with C-shaped canals, either both or one of the mesiobuccal or mesiolingual canal orifices
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merge with the distal canal orifice. This fusion is commonly observed on the lingual side and

rarely on the buccal side (Fan et al., 2009; Zhang et al., 2011).

It has been reported that the C-shaped canal configuration is most commonly observed in
molars, particularly with a higher prevalence in mandibular second molars (Min, Fan, Cheung,
Gutmann, & Fan, 2006; Yilmaz, Tuncel, Serper, & Calt, 2006). However, this morphology may
also be encountered in mandibular first premolars (Yin et al., 2010), mandibular first molars
(Bolger & Schindler, 1988), maxillary lateral incisors (Gu, 2011) and maxillary
molars(Karanxha et al., 2012; Keinan, Nuni, & Slutzky-Goldberg, 2009). Furthermore, this
morphology has been reported most frequently in mandibular second molars of individuals of
Asian origin (14-52%) (Yin et al., 2010; Zheng et al., 2011). whereas its prevalence in the
Turkish population has been reported to be approximately 8% (Cimilli, Cimilli, Mumcu, Kartal,
& Wesselink, 2005).

While some studies have reported no correlation between the presence of C-shaped canals and
sex or age (Feghali, Jabre, & Haddad, 2022; Shemesh et al., 2017), others have found a
significantly higher prevalence in females (Armenta et al., 2024; Martins et al., 2019). Yang et
al. (2021) reported that C-shaped canals were significantly less common in patients over 61
years of age (%24,08), compared to those aged 21-30 years (40.02%).

The complex anatomy of C-shaped canals presents significant challenges in achieving
successful endodontic treatment. Their irregular morphology complicates effective cleaning,
shaping, and obturation procedures, often leading to missed canals, inadequate disinfection, and
incomplete filling (Patil M; Mujawar A; Rachalwar D; Seyh S, 2023). This case report presents
the successful nonsurgical retreatment of a left mandibular first molar (#36) with a C-shaped

canal configuration.
CASE PRESENTATION

A 24-year-old female patient, systemically healthy, presented to the endodontics clinic with a
complaint of persistent pain in the left mandibular first molar, which had previously undergone
endodontic treatment at another clinic. According to the patient’s history, she experienced
numbness in the jaw following the initial root canal treatment, which resolved after the use of
a vitamin B derivative medication. Clinical examination revealed tenderness to percussion.
Panoramic and periapical radiographic evaluation demonstrated a C-shaped canal configuration

in tooth #36, along with inadequate root canal filling, a periapical lesion, and extrusion of root
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canal sealer into the mandibular canal ($ekil 1). Based on the clinical and radiographic findings,

a diagnosis of acute exacerbation of chronic apical periodontitis was established.

Figure 1. Preoperative radiographs: (a) panoramic radiograph, (b) periapical radiograph

After providing detailed information about the planned procedures, written informed consent
was obtained from the patient. Inferior alveolar nerve block anesthesia was administered using
Ultraver DS Forte (80 mg + 0.03638 mg + 2 mL; Haver Farma, Istanbul, Tiirkiye). Following
rubber dam isolation, the existing restoration was removed under water cooling using a diamond
round bur (Meisinger, Neuss, Germany), and the access cavity was refined. Under a dental
operating microscope (DOM; Extaro 300, Zeiss, Oberkochen, Germany) at 1.6x magnification,
four distinct canal orifices were identified. Subsequently, previous root canal fillings were
removed using a combination of a TD6 ultrasonic tip (Woodpecker, Guangxi, China) and
retreatment files (Perfect, Guangxi, China). Working length was determined using a #15 K-file
(Dentsply Maillefer, Ballaigues, Switzerland) in conjunction with an apex locator (Root ZX
Mini; J. Morita Co., Tokyo, Japan) and confirmed radiographically. Root canals were shaped
up to size 50/.04 using rotary Ni-Ti files (EndoArt, Istanbul, Tiirkiye) (Figure 2). Irrigation was
performed with 2 mL sodium hypochlorite (NaOCl) at each instrument change. Calcium
hydroxide (Calsin, Imicryl, Konya, Tiirkiye) was placed as an intracanal medicament, and the

cavity was temporarily sealed.
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Figure 2. Intraoral view of root canal orifices

After two weeks, the tooth was asymptomatic. Circumferential filing was performed using a
#50 H-file (Dentsply Maillefer) to facilitate effective removal of the medicament. Final
irrigation was carried out using 5 mL of 17% EDTA, 20 mL of 2.5% NaOCI, and 5 mL of
distilled water, all activated using ultrasonic activation (Eighteeth, Jiangsu, China). The canals
were dried using sterile paper points (DiaDent, Heungdeok-gu, Korea). Root canal obturation
was performed using a bioceramic-based sealer (Bio-C Sealer, Angelus, Londrina, Brazil)
with the cold lateral compaction technique. The permanent restoration was completed using a

composite resin (RubyFlow Flowable Composite, Rubydent, Istanbul, Tiirkiye) (Figure 3).

Figure 3. Postoperative periapical radiograph

At the 1-year follow-up, a significant reduction in lesion size was observed. The tooth remained
asymptomatic and functional (Figure 4).

Figure 4. One-year follow-up radiographs: (a) panoramic radiograph, (b) periapical radiograph
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DISCUSSION

The primary requirement for successful endodontic treatment is the effective cleaning and
shaping of the root canal system. However, in addition to normal canal anatomy, a
comprehensive understanding and management of morphological variations can present
challenges for clinicians (Fan, Cheung, Fan, Gutmann, & Bian, 2004). Mandibular first molars,
in particular, exhibit more complex anatomical variations compared to other tooth groups.
These teeth typically have two separate roots; the mesial root generally contains two canals,

while the distal root often presents a single round or elliptical canal (Torabinejad, 2023).

Diagnosis and treatment planning are critical steps in the successful management of C-shaped
canal systems. Accurate diagnosis requires careful clinical and radiographic evaluation, and
advanced imaging techniques such as cone-beam computed tomography (CBCT) should be
utilized in suspicious cases. Early recognition of complex root canal morphology allows for
appropriate treatment strategy selection. Preoperative assessment of root canal anatomy plays
a crucial role in endodontic success, particularly in retreatment cases (Fan et al., 2004).
Radiographic findings such as fused roots, indistinct pulp chamber floor, radiolucent areas
resembling perforation in the furcation region, and the convergence of endodontic instruments
toward the apex may indicate the presence of a C-shaped canal, especially in mandibular second

molars (Raisingani, Gupta, Mital, & Khullar, 2014).

In teeth with C-shaped canals, the pulp chamber typically has a greater apico-occlusal
dimension and a more apically positioned furcation level (Gulabivala, Opasanon, Ng, & Alavi,
2002). resulting in an unusually deep pulp chamber floor (Barnett, 1986). In the present case,
the preoperative radiograph revealed a single wide root appearance and indistinct canal
separations, supporting suspicion of a C-shaped canal morphology. Clinically, diagnosis
becomes easier after access cavity preparation and pulp extirpation (Lambrianidis, Lyroudia,
Pandelidou, & Nicolaou, 2001). However, due to the complex anatomy and extensive pulp
tissue, excessive bleeding may impair visibility and hinder the identification of canal orifices.
Inadequate hemostasis may increase the risk of perforation, particularly in areas with thin
dentinal walls (Yang et al., 2021). For this purpose, effective irrigation activation along with
appropriate irrigation protocols is recommended (Raducka et al., 2023). These approaches both

facilitate the removal of debris and smear layer and contribute to a better understanding of the

248



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

complex root canal anatomy (Marx et al., 2025). Therefore, in the presented case, passive

ultrasonic irrigation activation technique was preferred to increase irrigation effectiveness.

Studies on the cleaning efficiency of C-shaped canals demonstrate the presence of areas
untouched by instruments (Yin et al., 2010). Research has shown that hand instrumentation may
lead to debris accumulation in irregular regions and isthmuses (Melton, Krell, & Fuller, 1991).
However, circumferential and anti-curvature filing techniques using hand instruments have
been reported to leave fewer untouched areas and provide better canal wall contact compared
to Ni-Ti rotary systems (Yin et al., 2010). Accordingly, in this case, circumferential filing was
performed after rotary instrumentation to eliminate debris in untouched areas and remove
calcium hydroxide.

The use of a DOM facilitates the detection of canal orifices and improves treatment outcomes
(Vertucct & Haddix, 2011). Numerous studies recommend its use for exploring root canal
anatomy and managing endodontic diseases (Adcock et al., 2011; De Groot et al., 2009; Kato
et al., 2014). Therefore, in this case, 1.6x magnification using DOM was preferred to better
visualize the C-shaped canal anatomy and to avoid missing additional canals.

In teeth with C-shaped root canal morphology, endodontic failure is most frequently due to
microleakage (45.2%) and isthmus region (23.8%). Therefore, it is crucial for clinicians to be
knowledgeable about the complex morphology of C-shaped root canal systems to ensure
effective removal of pulp tissue and microorganisms, and hermetically seal the root canal
system. (Kim, Lee, Kim, & Kim, 2018). In this context, obturation of C canals may require
some technical modifications. When using cold lateral compaction technique for obturation, the
compaction device needs to penetrate deeper into different regions of the canal. (Hasheminia,
Farhad, Saatchi, Nejad, & Sanei, 2015). However, using only the lateral compaction technique
can make it difficult to adequately fill the isthmus region. In order to overcome this problem,
Barnett (1986), the study recommended using a large-diameter file in the most distal part of the
canal before the main cone was placed in the mesial canal. After the removal of this file, the
main cone is placed in the distal canal, and then the accessory cones are placed in the middle
part of the C-shaped canal. In this case, the cold lateral compaction technique was applied using
this method for obturation.

Bioceramic-based root canal sealants, especially in teeth with C-canal morphology, contribute
to more effective filling of complex anatomical areas due to their good fluidity and ability to

form chemical bonds with dentin in the isthmus, attachment pathways, and irregular canal
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surfaces (Li et al., 2025). Furthermore, the fact that it hardens with minimal shrinkage by
forming a hydroxyapatite-like structure during the hardening process helps bioceramic-based
sealants maintain long-term watertightness in such cases.(Cheng et al., 2010). Therefore, due
to its superior sealing properties, high biocompatibility, and hydrophilic structure, which allows
it to maintain its effectiveness even in humid environments, a bioceramic-based root canal

sealant was preferred in this case.(Jitaru, Hodisan, Timis, Lucian, & Bud, 2016).
CONCLUSION

In the retreatment of mandibular molars with C-shaped canal morphology, the combined use of
a DOM and ultrasonic systems may facilitate more effective identification, cleaning, and
disinfection of the complex root canal system, thereby supporting periapical healing.
Additionally, minimally invasive shaping, irrigation, and obturation protocols may significantly
contribute to the long-term preservation of tooth function and the sustainability of clinical
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ABSTRACT

Langerhans cell histiocytosis (LCH) is a rare disorder characterized by the clonal proliferation of bone marrow—
derived dendritic cells, most commonly presenting with osseous involvement in the pediatric population. Although
the long bones and skull are most frequently affected, spinal involvement accounts for approximately 10% of cases
and may present as vertebra plana. In this study, we present a case of eosinophilic granuloma involving the T5
vertebra in a 10-year-old boy who presented with back pain. Radiological evaluation demonstrated marked loss of
vertebral body height consistent with vertebra plana, and malignancy as well as infection were considered the
primary differential diagnoses. The diagnosis was confirmed fluoroscopy-guided percutaneous needle biopsy, and
intralesional methylprednisolone injection was administered during the same session. Histopathological
examination revealed morphological features consistent with Langerhans cells, while immunohistochemical
analysis showed positivity for CDla(+), S100, CD68, and Cyclin DI1. Following the minimally invasive
intervention, the patient exhibited rapid clinical improvement with significant pain relief. In accordance with the
existing literature, percutaneous biopsy combined with intralesional steroid injection appears to be a safe and
effective alternative to surgical treatment in appropriately selected cases.

Keywords: Langerhans cell histiocytosis, eosinophilic granuloma, vertebra plana, pediatric, minimally invasive
treatment
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PEDIATRIK OLGUDA TORAKAL (T5) YERLESIMLI EOZINOFILIK GRANULOM:
MINIMAL INVAZIV YAKLASIM VE GUNCEL LITERATUR ISIGINDA
DEGERLENDIRME

OZET

Langerhans hiicreli histiyositozis (LHH), kemik iligi kdkenli dendritik hiicrelerin klonal proliferasyonu ile
karakterize nadir bir hastalik olup, 6zellikle pediatrik yas grubunda kemik tutulumuyla 6n planda goriilmektedir.
En sik uzun kemikler ve kafatasi etkilenmekle birlikte, spinal tutulum olgularin yaklasik %10 unu olusturmaktadir
ve vertebra plana ile prezente. Bu ¢aligmada, sirt agrisi sikayeti ile bagvuran 10 yasindaki erkek hastada TS vertebra
yerlesimli eozinofilik graniilom olgusu sunulmustur. Radyolojik incelemelerde vertebra korpusunda belirgin
yiikseklik kaybi ile uyumlu vertebra plana goriiniimii izlenmis, ayirici tanida malignite ve enfeksiyon dncelikli
olarak degerlendirilmistir. Tani, skopi esliginde gergeklestirilen perkiitan igne biyopsisi ile dogrulanmis ve aym
seansta intralezyonel metilprednizolon enjeksiyonu. Histopatolojik degerlendirmede Langerhans hiicreleri ile
uyumlu morfolojik bulgular saptanmis; immiinohistokimyasal incelemede CDla (+), S100 (+), CD68 (+) ve
Cyclin D1 (+) ekspresyonu gosterilmistir. Minimal invaziv tedavi yaklagimi sonrasi hastada hizli klinik iyilesme
gbzlenmis, agr1 belirgin sekilde gerilemistir. Literatiir verileriyle uyumlu olarak, uygun secilmis olgularda perkiitan
biyopsi ve intralezyonel steroid enjeksiyonunun giivenli, etkili ve cerrahiye alternatif bir tedavi yontemi oldugu
diistintilmektedir.

Anahtar Kelimeler: Langerhans hiicreli histiyositozis, eozinofilik graniilom, vertebra plana, pediatrik, minimal
invaziv tedavi

GIRIS

Langerhans hiicreli histiyositozis (LHH), CDla ve langerin (CD207) pozitif dendritik
hiicrelerin klonal proliferasyonu ile karakterize nadir bir hastaliktir ve inflamatuvar-neoplastik
ozellikler gosteren Ozgiin bir patolojik spektrum olusturur (Emile ve ark., 2016). Kemik
tutulumu langerhans hiicreli histiyositozisin en sik prezentasyonu olup c¢ocukluk caginda
siklikla eozinofilik graniilom seklinde karsimiza ¢ikmaktadir (Haupt ve ark., 2013). Spinal
tutulum olgularin yaklasik %10’unu olusturmakta ve torakal vertebralar en sik etkilenen
bolgeyi olusturmaktadir (Grois ve ark., 2010). Bu olgularda en karakteristik radyolojik bulgu
vertebra plana olmakla birlikte, bu goriiniim spesifik degildir ve maligniteler ile enfeksiyonlari
taklit edebilmektedir (Azouz ve ark., 2005; Garg ve ark., 2004). Bu nedenle kesin tan1 i¢in
histopatolojik dogrulama gereklidir. Bu caligmada, minimal invaziv yontemle tedavi edilen

torakal yerlesimli pediatrik bir eozinofilik graniilom olgusu sunulmustur.
MATERYAL VE YONTEM

Bu caligma, yaklasik ii¢ haftadir devam eden mekanik karakterde sirt agrisi sikayeti ile bagvuran
10 yasindaki erkek hastanin retrospektif degerlendirilmesi lizerine kuruludur. Hastada travma
Oykiisti bulunmamaktadir. Norolojik muayenede motor ve duyu defisiti saptanmamas, patolojik
refleks izlenmemistir. Laboratuvar incelemelerinde enfeksiyon lehine bulgu saptanmamuistir.

Manyetik rezonans goriintiillemede T5 vertebra korpusunda belirgin yiikseklik kayb1 ile uyumlu
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vertebra plana goOrlinlimii izlenmistir. Lezyonun tanisal degerlendirmesi amaciyla skopi
esliginde perkiitan igne biyopsisi uygulanmis, ayni seansta intralezyonel metilprednizolon
enjeksiyonu yapilmistir. Elde edilen doku 6rnekleri histopatolojik ve immiinohistokimyasal

olarak incelenmistir.
BULGULAR VE TARTISMA

Histopatolojik incelemede Langerhans hiicreleri ile uyumlu morfoloji izlenmis;
immiinohistokimyasal boyamada CD1a (+), S100 (+), CD68 (+) ve Cyclin D1 (+) saptanmaistir.
Bu bulgular ile LHH tanis1 dogrulanmistir. Tedavi sonrasinda hastada hizli klinik iyilesme
gozlenmis, agr1 yakinmasinda belirgin gerileme olmustur. Klinik takip siirecinde hastaya Jewett

korse uygulanmustir.

Pediatrik spinal tlimorlerin yaklasik %6,5 ila %25'ini olusturan eozinofilik graniilom (EG),
LHH’in genellikle benign ve kendini sinirlayan bir formudur (Haupt ve ark., 2013). Bu
lezyonlar iyi huylu olmalarina ragmen spinal yerlesimli olgularda vertebral kollaps, progresif

deformite ve nadir durumlarda ndrolojik defisit gelisme potansiyeli tagimaktadirlar.

Pediatrik spinal LHH i¢in patognomonik bir bulgu olarak kabul edilen vertebra plana, vertebral
govdenin simetrik veya asimetrik ¢okmesiyle karakterizedir. Ancak bu radyolojik goriiniim;
Ewing sarkomu, lenfoma, enfeksiydz spondilit gibi patolojilerle benzerlikler tasimaktadir
(Azouz ve ark., 2005; Garg ve ark., 2004). Bu nedenle goriintiileme bulgular1 tek basina tani

koydurucu degildir. Kesin tani i¢in biyopsisi altin standarttir.

Spinal EG yonetimine dair standart bir tedavi algoritmast bulunmamakla birlikte, tedavi
stratejisi  semptomlarin  siddeti, mekanik stabilite ve radyolojik degerlendirmeyle
belirlenmelidir. Asemptomatik veya stabil lezyonlarda konservatif izlem ve immobilizasyonu
ilk segenek olarak Onerilmesine ragmen, li¢ aylik gézlemde %50'den fazla vertebral yiikseklik
kaybi1 olan, instabilite bulgulari bulunan ve norolojik defisiti bulunan olgularda cerrahi
miidahale Onerilmektedir. Cerrahi tedavide ise perkiitan kifoplasti ve gegcici pedikiil vidasi
fiksasyonu ile vertebral korpus yiiksekligin ortalama %86 yeniden saglandig1 ve VAS skorunda
cok hizli bir diislis yasandigi bildirilmistir. (Zheng ve ark., 2022). Buna karsin literatiir
verilerinde litik lezyonlarin biyopsiyle kesin tanisinin konulmasinin yeterli oldugu, pediatrik

popiilasyonda kemik matiirasyonunun devam etmesi sayesinde, litik siirecin kontrol altina
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alimmasini takiben vertebral korpusun kendi ytiksekligini yeniden kazanabilme kapasitesine

sahip oldugu ifade edilmistir. (Jain ve ark., 2022),

Bu c¢alismalarin yansira intralezyonel steroid enjeksiyonu inflamatuvar siireci baskilayarak
osteolitik aktiviteyi azalttig1 ve hizli semptomatik diizelme sagladigini bildiren caligmalar da
mevcuttur (Scaglietti ve ark., 1982). Literatiirde perkiitan biyopsi ile es zamanli uygulanan
steroid tedavisinin yiiksek basari orant ve diisiik komplikasyon riski ile etkili oldugu
bildirilmistir (Bertram ve ark., 2002). Sundugumuz olguda norolojik defisit bulunmamasi
nedeniyle minimal invaziv yaklasim tercih edilmis, perkiitan igne biyopsisi uygulanmis, ayni

seansta intralezyonel metilprednizolon enjeksiyonu yapilmistir.

™

-
-

,P‘-/",’,) -

Sekil 1. (A) T5 vertebrada korpus ¢cokmesini gosteren sagittal BT goriintiisti, (B) TS diizeyinde
lezyon sinyal degisikliklerinin izlendigi sagittal MR goriintiisii, (C) Torakal omurganin direkt
grafi goriintiisii.
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Tablo 1. Olgunun klinik ve tanisal parametreleri

Kategori Uygulama Ana fonksiyon Temel yarar
. . .. Histopatolojik LHH tanisint dogrular,
Tani Perkiitan igne biyopsisi - maligniteyi diglamaya
dogrulama
yardimei1 olur
. Intralezyonel steroid Osteolitik aktivitenin| Hizli agr1 kontroli, diisiik
Tedavi O o
enjeksiyonu baskilanmasi morbidite
Mekanik| Jewett korse uygulamast Qrpurga Destekleyici tedavi
stabilizasyonu
Patoloii Immiinohistokimyasal Klonal hiicre Kesin tant saslar
) boyama (CD1a, S100) tanimlamasi &
SONUC

Langerhans hiicreli histiyositozisin spinal tutulumu, 6zellikle vertebra plana ile prezente olan
pediatrik hastalarda malignite ve enfeksiyoz patolojilerle 6nemli Olclide karisabileceginden,
ayirict tanida mutlaka g6z Oniinde bulundurulmalidir. Norolojik defisit ve belirgin spinal
instabilite bulunmayan sec¢ilmis olgularda, perkiitan biyopsi ile es zamanli intralezyonel steroid
enjeksiyonunu igeren minimal invaziv yaklagimin hem tanisal hem de terapotik acidan etkili
oldugu goriilmektedir. Sonug olarak, uygun hasta se¢imi yapildiginda minimal invaziv tedavi
yaklagimlarinin diisiik morbidite ile basarili klinik sonuglar sagladig1 ve spinal LHH olgularinda

giivenilir bir ilk basamak tedavi se¢enegi olarak degerlendirilebilecegi kanaatindeyiz.
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ABSTRACT

Rising energy costs have become one of the most critical factors threatening the sustainability of
agricultural production. This study investigates the on-site energy generation potential in rural areas where
agricultural activities are intense and the demand for electricity-based irrigation and acclimatization (cultivated
mushroom growing) is high. Yazir Village, located in the Korkuteli district of Antalya province, was selected as
the study site due to its high sunshine duration and favorable microclimate characteristics. Within the scope of the
study, the roof areas of 1283 buildings throughout the village were digitized and analyzed using Geographic
Information Systems (CBS/QGIS). The suitability for photovoltaic (PV) system installation was evaluated for
pitched tile roofs, which constitute 95% of the building stock, and agricultural outbuildings (barns, warehouses,
mushroom facilities), which make up 30%. Considering the region's low snow load risk and high irradiance values,
the potential of existing roof areas to meet the energy needs of the village's agricultural irrigation and mushroom
production facilities was calculated. This study aims to demonstrate both the economic and environmental benefits
of a solar energy-supported transformation model in rural areas where fossil fuel (coal/wood) usage is prevalent.

Keywords: Renewable Energy; Rural Development; GIS; Photovoltaic Potential; Agricultural Energy Efficiency;
Korkuteli Yazir.

INTRODUCTION

Parallel to increasing population and technological advancements worldwide, energy
demand is rising rapidly, bringing with it global problems such as the depletion of fossil fuel
reserves and environmental issues (Kum et al., 2019; Endiz and Cosgun, 2023). These
difficulties in meeting energy demand and policies combating climate change necessitate a shift
in energy generation from centralized systems to distributed systems based on production at the
point of consumption (Kili¢ and Kekezoglu, 2022). Particularly in countries like Turkey, where

energy demand is constantly increasing and solar energy potential is high, on-site energy
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production reduces transmission losses and increases energy supply security (Atak et al., 2019;
Akkas et al., 2017). Although there are numerous studies on rooftop solar power plants (SPP)
in urban areas and buildings (Fakhraian et al., 2021), the energy transformation of rural areas—

the heart of agricultural production—is of vital importance for food security and farmer income.

Due to its geographical location, Turkey is quite fortunate regarding solar energy
potential and possesses high potential in terms of average annual sunshine duration and
radiation values (Kili¢, 2011; Colak et al., 2020). Although Antalya province is one of the
regions with the highest sunshine duration in Turkey, as stated in the literature, very high
ambient temperatures cause thermal losses in photovoltaic panels, reducing energy conversion
efficiency (Kum et al., 2019). In this context, unlike the extreme heat of Antalya's coastline, the
Korkuteli district, situated in the interior and possessing a cooler plateau climate, is in a more
advantageous position regarding PV system efficiency. Yazir Village, the focus of this study; as
seen in Figure 1, qualifies as an ideal solar energy site with its flat topography (Colak et al.,

2020), high sunshine duration, and favorable microclimate features.

Figure 1. Satellite View of Yazir Village

When the socio-economic structure of the village is examined, it is observed that the

main sources of livelihood are agriculture, fruit growing, and cattle breeding. However, the
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primary factor rendering the region critical in terms of energy consumption is the cultivated
mushroom growing extensively carried out on the ground floors or outbuildings of homes.
Mushroom production is an agricultural activity requiring 24/7 acclimatization and ventilation,
thus consuming high electricity per unit area. Additionally, underground borehole pumps used
for agricultural irrigation significantly increase the village's electricity demand. Currently, the
absence of natural gas infrastructure in the village and the provision of heating largely through
biomass (wood) and fossil fuels (coal) increase the carbon footprint and threaten environmental

sustainability (Endiz and Cosgun, 2023; Atak et al., 2019).

Geographic Information Systems (GIS) and remote sensing techniques are used as
effective methods for analyzing large areas in the determination of solar energy potential (Kum
et al., 2019; Colak et al., 2020; Fakhraian et al., 2021). In this study, a roof inventory of 1283
buildings in Yazir Village was extracted using QGIS software. It was determined that only 5%
(63 buildings) of the analyzed building stock consisted of flat roofs, while the remaining vast
majority were of the pitched tile roof type suitable for PV mounting. Observing the "Physical,
Geographic, and Technical Potential" distinction stated in the literature (Fakhraian et al., 2021),
the fact that 30% of the buildings are single-story structures used as barns or mushroom
facilities offers extra potential in terms of ease of installation and maintenance. With this study,
the electrical energy potential obtainable using the existing roof areas of Yazir Village will be
determined, and the capacity of this production to meet the village's agricultural electrical load

will be discussed.
MATERIAL AND METHODS

In this study, a Geographic Information Systems (GIS)-based method was followed to
determine the rooftop solar energy potential of Yazir Village, Korkuteli district, Antalya
province. The methodology consists of three stages: data collection and digitization,
determination of technical potential according to roof types, and PVGIS-based energy

production simulation (Fakhraian et al., 2021; Colak et al., 2020).
Data Collection and Digitization with GIS

QGIS open-source software was used for the analysis of the building stock in the study
area. All structures within the village boundaries were digitized as polygons over high-

resolution satellite images, and attribute data were created. As a result of the inventory work
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conducted, as indicated by the purple shapes in Figure 2, a total of 1283 buildings were
identified throughout the village, and the total gross roof area of these buildings was calculated

as 216,357 m>2.

Figure 2.Yazir Village Satellite View, polygon shapes of roofs in QGIS program

As can be seen via Figure 2, when the characteristics of the building stock are examined,
it is observed that the majority of the buildings consist of detached houses and, unlike apartment
structures in city centers, there are no administrative barriers (common ownership issues, etc.)
regarding roof usage rights. This situation provides a significant advantage in terms of making
investment decisions and managing maintenance-repair processes (Kili¢ and Kekezoglu, 2022).
Furthermore, the existence of PV systems currently installed in 6 buildings, working with a heat
pump-supported heating model in winter and a grid-sale (net-metering) model in summer,

indicates that the region's technological adaptation has begun.
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Roof Typology and Usable Area Determination

The digitized data were classified according to roof geometry and intended use. To
determine the net area free of shading and structural obstacles, defined as "Geographic
Potential" in the literature (Fakhraian et al., 2021), the following assumptions were made. As
can be seen in Figure 3, yellow shapes on the regional map were used to identify flat-roofed

houses, and their areas were calculated.

Figure 3. Yazir Village satellite view, polygon drawings of flat roofs in QGIS program

o Flat Roofs: A total of 63 buildings have flat roofs, with a total area of 10,862 m?. The
smallest of this group was measured as 74 m? and the largest as 437 m?. Due to the
necessity of placing panels facing south at the optimum angle (33° for Yazir Village)
and leaving inter-row shading distance on flat roofs, 45% of the gross area was accepted

as the effective panel area (Fakhraian et al., 2021).

o Pitched Roofs: In the remaining tile-covered pitched roofs, considering that only south,
southeast, and southwest facades are efficient and due to obstacles such as

chimneys/antennas, 50% of the gross area was included in the calculation as usable area.

e Agricultural and Commercial Structures: 30% of the analyzed buildings consist of
single-story outbuildings (barns, garages, and cultivated mushroom production
facilities) located next to the main residence. Especially since mushroom production

requires 24/7 acclimatization, systems installed on these structures will increase the self-
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consumption rate and shorten the amortization period. Additionally, the 5 largest roofs
detected (maximum 3915 m?) belong to cold storage facilities serving fruit growing
activities in the region. These structures possess the highest priority investment potential

with their high energy consumption and large roof areas.

Energy Production Simulation with PVGIS

The PVGIS (Photovoltaic Geographical Information System) tool developed by the
European Commission Joint Research Centre (JRC) was used to calculate the annual energy
production potential over the determined effective areas (Kilig, 2011). In the simulation based
on Yazir Village coordinates (37.020° N, 30.290° E), Crystalline Silicon (c-Si) panels and a

14% system loss assumption were used.

According to the simulation results, the optimum tilt angle for the region was determined
as 33° and the azimuth angle as 7° (South). Under these parameters, it was calculated that a
system with 1 kWp installed power in Yazir Village could produce 1569 kWh of electricity
annually. This value is above the Turkey average (Kilig, 2011) and many European countries at
similar latitudes (Endiz and Cosgun, 2023). This obtained unit production value was multiplied
by the calculated total net roof area to reveal the village's total annual electricity production

potential (GWh/year).
Photovoltaic Area and Installed Power Calculation

Calculations made using analyses performed in the GIS environment and literature-
supported (Fakhraian et al., 2021) coefficients are summarized in Table 1. When the roof
surfaces of a total of 1283 buildings were analyzed, it was determined that the net area suitable
for photovoltaic system installation, after deducting shading, orientation, and structural
obstacles, is 107,636 m?. The total gross area for flat roofs is 10,862 m? and with a 45%
usability rate, 4,888 m? of area suitable for panel installation is obtained. The total gross area of
pitched roofs is 205,495 m? (216,357 — 10,862), and with a 50% usability rate, 102,748 m? of
area suitable for panel installation is provided. Thus, the total net panel area reaches 107,636

m2

In flat roofs (total 63 buildings), 45% of the gross area was accepted as the effective
area due to the necessity of placing panels facing south with a 33° tilt angle optimized for the

region and leaving inter-row shading distance. In pitched roofs, north facades and obstacles
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such as chimneys/antennas were excluded, and 50% of the gross area was evaluated as technical
potential.

Net Panel Area (m?) _ 107,636 m?

Installed Power (MWp) = 5 (™ /uyp)X 1000 5X 1000

= 21,527 MWp =~ 21,5 MWp (1)

Considering the average efficiency (20-21%) and area requirement (5Sm?*kWp) of
current monocrystalline silicon panel technology, the total rooftop installed power potential of
Yazir Village (Table 1) was calculated as approximately 21.5 MWp (Megawatt-peak).

Table 1. Yazir village roof type PV potential distribution

Roof Number of | Gross Usage Net Panel | Estimated

Type Buildings Area (m?) | Coefficient Area (m?) Installed Power
(kWp)

Flat Roofs | 63 10,862 0.45 4,888 ~977

Pitched 1,220 205,495 0.50 102,748 ~20,550

Roofs

TOTAL | 1,283 216,357 - 107,636 21,527

Annual Energy Production Estimation

Using the determined installed power (21,527 kWp) and the region's PVGIS simulation
data, the annual energy production was calculated as shown in Figure 4. In the simulation,
"Crystalline Silicon" panel technology, 14% system loss (including cables, inverter, and
soiling), and optimized 33° panel tilt parameters were used. Thanks to the region's high sunshine
potential and the positive effect of the cool plateau climate on photovoltaic cell efficiency, it

was foreseen that 1 kWp installed power could produce 1,569 kWh of electricity annually.
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PVGIS-5 estimates of solar electricity generation:

Provided Inputs: Simulation outputs Outline of horizon at chosen location:
Latitude/Longitude: 37 020,30 290 Slope angle 33 {opt) * "
Honzon; Calculated Azimuth angle: <7 (opt) *
Database used PVGIS-SARAH3 Yearly PV energy production 15686.98 kWh
PV technology: Cryst S# Original Yearly in-plane (rradiation: 2118.86 kWh/m*
PV inslalled: 1 kWp Year-to-year vanability 37.65 kWh
System loss: 14 % Changes in output due to:

Angle of incidence: 262%

Spectral effects 0.57 %

Temperature and low iradiance:  -12.08 %

Total loss 2595 %

Monthly energy output from fix-angle PV system: Monthly in-plane irradiation for fixed-angle:

Figure 4. Energy production parameters of a 1 kWp panel for Yazir village from the PVGIS
system (European Commission JRC, 2025)

Accordingly, the total annual electrical energy production to be obtained in the event

that all suitable roof areas in Yazir Village are used is:
E annual = 21,527 kWp x 1,569 kWh/kWp =~ 33,775,863 kWh (2)

Consequently, the village's annual technical solar energy production potential has been
determined as 33.78 GWh. This production amount is of a capacity capable of meeting the
annual electricity consumption of the cold storage depots, mushroom production facilities, and

agricultural irrigation pumps in the village.
CONCLUSION

In this study, the rooftop solar energy potential of Yazir Village, Korkuteli district,
Antalya province, was examined using GIS-based spatial analyses and PVGIS simulation tools.
The findings present significant results in terms of rural development, agricultural energy
efficiency, and on-site production strategies. As a result of the analyses, the technical and

geographic suitabilities of the roof surfaces of 1283 buildings throughout the village were
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evaluated; it was calculated that a total installed power of 21.5 MWp could be reached and
approximately 33.78 GWh of electrical energy could be produced annually from this system.

The most critical output of the study is the compatibility of this production potential
with the village's agricultural characteristics. As stated in the literature, increasing energy
expenses in mushroom production (acclimatization and ventilation) are one of the largest cost
items faced by producers and can cause the closure of many enterprises (Alkan and Akdemir,
2024). PV systems to be installed on the roofs of mushroom houses and outbuildings, which
constitute 30% of the building stock in Yazir Village, will guarantee the sustainability of these
enterprises by minimizing energy costs. Furthermore, research shows that photovoltaic systems
used in mushroom production facilities not only provide energy but also contribute to
production efficiency by reducing indoor temperature (6 — 11 °C) through the shading effect
they provide (El Kolaly et al., 2020).

The large roof areas of the 5 major cold storage depots in the region offer an ideal
application site for the "on-site production - on-site consumption" model. Generating energy
using the roofs of existing structures without occupying agricultural lands overlaps with "land
use efficiency," the fundamental principle of Agrivoltaic (Agri-PV) systems (Cosgun et al.,
2024). Considering Turkey's solar energy potential and agricultural production capacity
(Cosgun et al., 2024), the Yazir Village example constitutes a concrete model for how energy

independence can be achieved without experiencing loss of agricultural land.

The fact that the vast majority of structures in Yazir Village are detached and do not have
the difficulties of multiple ownership/management decision-making found in apartment-type
structures is a significant social advantage that will accelerate installation processes. Current
"Unlicensed Electricity Generation" regulations in Turkey and incentives provided for rooftop
systems (Kili¢ and Kekezoglu, 2022) facilitate the village people's transition from a "consumer"
position to a "prosumer" position. Especially thanks to the net-metering mechanism (Kili¢c and
Kekezoglu, 2022), selling excess electricity produced in summer to the grid and covering heat
pump-supported heating expenses in winter will provide direct cash input to the village

economy.

In conclusion, the 33.78 GWh/year electricity production potential calculated for Yazir
Village is at a level that can more than meet the village's agricultural irrigation, cold storage,

and residential needs. This study proves with scientific data that the "Self-Sufficient Eco-

268



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

Village" model, which reduces fossil fuel dependency, lowers agricultural production costs, and

minimizes the carbon footprint, is applicable in Turkey's rural regions.
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ABSTRACT

With the increasing digitalization, social media has become a significant determinant
influencing women’s access to information, decision-making processes, and emotional
experiences during the perinatal period. Particularly in sensitive biopsychosocial phases such
as pregnancy and postpartum, social media functions not only as a communication tool but also
as a digital ecosystem shaping health behaviors. This study aims to evaluate the psychosocial
effects and clinical implications of social media use during the perinatal period, drawing on
current literatiire. A literature review was conducted using PubMed, Web of Science, Scopus,
and Google Scholar databases. The search strategy included MeSH terms and their
combinations such as “social media,” “pregnancy,” “postpartum period,” “perinatal care,”
“maternal mental health,” “breastfeeding,” and “digital health.” Studies published between
2015 and 2025 were included. Cross-sectional and qualitative studies, as well as randomized
controlled trials, systematic reviews, and meta-analyses, were evaluated. Social media use
during pregnancy is widespread and is primarily used for information seeking and symptom
interpretation. However, intensive use of medical information has been associated with
increased anxiety and prenatal stress. In the postpartum period, social media predominantly
influences social comparison processes, body image, and maternal self-efficacy. These
processes are associated with body dissatisfaction, decreased self-efficacy, and increased
psychological distress. Conversely, structured digital health interventions have demonstrated
positive effects, particularly on perinatal mental health and breastfeeding outcomes. Social
media has a dual role in the perinatal period, presenting both risks and opportunities. Therefore,
incorporating digital history-taking into perinatal care, promoting digital literacy, and
implementing hybrid care models are essential. Social media should not be excluded but rather
integrated into clinical care as a manageable component.

Keywords: Social Media; Pregnancy; Postpartum Period; Perinatal Care; Maternal Mental Health; Breastfeeding
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PERINATAL DONEMDE SOSYAL MEDYANIN PSIKOSOSYAL VE KLINIK ETKILERI

OZET

Dijitallesmenin artmasiyla birlikte sosyal medya, perinatal donemde kadinlarin bilgiye erisim,
karar verme ve duygusal siireglerini etkileyen énemli bir belirleyici haline gelmistir. Ozellikle
gebelik ve lohusalik gibi biyopsikososyal agidan hassas donemlerde sosyal medya, yalnizca bir
iletisim arac1 degil, ayn1 zamanda saglik davranislarini sekillendiren bir dijital ekosistem olarak
one cikmaktadir. Bu calismanin amaci, sosyal medya kullaniminin perinatal dénemdeki
psikososyal etkilerini ve klinik yansimalarini giincel literatiir dogrultusunda degerlendirmektir.
Bu derlemede PubMed, Web of Science, Scopus ve Google Scholar veritabanlar1 kullanilarak

2 (13 2 (13

literatlir taramas1 yapilmistir. Taramada “social media”, “pregnancy”, “postpartum period”,
“perinatal care”, “maternal mental health”, “breastfeeding” ve “digital health” MeSH terimleri
ve bunlarin kombinasyonlar1 kullanilmistir. 2015-2025 yillari arasinda yayimlanan ¢alismalar
incelenmistir. Kesitsel ve nitel arastirmalarin yani sira randomize kontrolli caligmalar,
sistematik derlemeler ve meta-analizler degerlendirmeye dahil edilmistir. Gebelik doneminde
sosyal medya kullanimi1 yaygin olup, 6zellikle bilgi arama ve semptom yorumlama amaciyla
kullanilmaktadir. Ancak tibbi bilgi i¢in yogun sosyal medya kullanimi, artmis anksiyete ve
prenatal stres ile iligkili bulunmustur. Lohusalik doneminde ise sosyal medya daha ¢ok sosyal
karsilagtirma, beden algis1 ve annelik yeterliligi lizerinden etkili olmakta ve bu siirecler beden
memnuniyetsizligi, 6z-yeterlilikte azalma ve psikolojik distres ile iligkilendirilmistir. Bununla
birlikte, yapilandirilmis dijital saglik miidahaleleri, 6zellikle perinatal ruh sagligi ve emzirme
sonuclari lizerinde olumlu etkiler gostermektedir. Sosyal medya, perinatal donemde hem risk
hem de firsat iceren ¢ift yonli bir etkiye sahiptir. Bu nedenle perinatal bakimda dijital oykii
alinmasi, dijital okuryazarligin giiclendirilmesi ve hibrit bakim modellerinin uygulanmasi
onemlidir. Sosyal medya, dislanmas1 gereken bir unsur degil, klinik bakim siirecine entegre
edilmesi gereken bir bilesen olarak ele alinmalidir.

Anahtar Kelimeler: Sosyal Medya; Gebelik; Postpartum Donem; Perinatal Bakim; Maternal Ruh Saghgi;
Emzirme
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ABSTRACT

With the emergence of the aviation sector, women have made significant contributions to the field. While the Wright
brothers are acknowledged for the first flight in 1903, Belkis Sevket Hanim conducted the first flight in Turkish
aviation history in 1913. Following the, women’s interest in and activities within the aviation sector have increased.
Today, asin the rest of the World, women’s participation in the workforce in Turkish aviation has evolved and
the contribution of women to the aviation workforce is showing a significant upward trend. Despite this increase, it is
observed that men still hold more positions of power and occupy higher ranks compared to women in the aviation
sector. This situation not only hinders women’s Professional advancement but also brings to light the concept known as
the “glass ceiling” which represents invisible barriers in their careers. The glass ceiling concept arises when employees
encounter specific obstacles despite their efforts in Professional life. Those exposed to the glass ceiling in working life
are predominantly women. The factors contributing to the perception of the glass ceiling are classified into three
categories: individual, organizational and societal. In the aviation sector, obstacles such as the lack of women in top
management, the low ratio of female pilots, wage inequality and the prioritization of men in promotions and
recruitment can lead to loss of motivation, stress and anxiety among female employees. These barriers encounteredin
profeessional life impede women from advancing and sustaining their careers. The aim of this study is to examine the
glass ceiling experiences of women working in the aviation sector; therefore, semi-structred interviews were conducted
with women active in the sector and the data were analyzed accordingly. The findings reveal that despite the increasing
presence of women in the aviation sector, societal perceptions and corporate culture remain the primary limiting factors
for sustainable careers. The study concludes by offering solution proposals derived from the experiences of women in
the aviation field.

Keywords: Women in Aviation, Glass Ceiling Concept, Carrer Barriers, Aviation Sector, Gender Inequality
HAVACILIKTA KADIN OLMAK: CAM TAVANA CARPAN KANATLAR
OZET

Havacilik sektdriiniin ortaya ¢ikmasiyla birlikte kadinlar, havacilik alaninda &nemli katkilarda bulunmustur.
Havacilik alaninda diinyada ilk ucusunu 1903 yilinda gergeklestiren Wright kardesler havacilik tarihinin baglangici
kabul edilmektedir.1913 yilinda Tiirk havaciliginda ilk ugusunu Belkis Sevket Hanim gergeklestirmistir. Bu ugusla
beraber kadmlarin havacilik alanindaki faaliyetleri ve ilgileri artis gdstermistir. Giliniimiizde de tiim diinyada
oldugu gibi Tiirk havaciliginda da kadinlarin is giiciine katilimi zaman iginde degisim gostermistir, 6zellikle son
yillarda kadinlarin is giicline katkisi belirgin bir artig gdstermektedir. Bu artiga ragmen havacilik alaninda halen daha
erkeklerin kadinlara oranla daha yiiksek is gilicline ve yiiksek pozisyonlarda fazla paya sahip olduklar
goriilmektedir. Bu durum kadinlarin sektorde yiikselmelerini engellemekle kalmayip kariyerlerinde gériinmez bir
bariyer olarak adlandirilan “Cam tavani” kavramini ortaya g¢ikarmaktadir. Cam tavani kavrami, calisanlarin
is
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hayatindaki emekleriyle ulastiklari basarilarda belirli engellerle kargilagmalart sonucu olusmaktadir. Calisma
hayatinda cam tavan kavramina maruz kalan kisiler genellikle kadinlardan olusmaktadir. Cam tavan algisina neden
olan unsurlar bireysel, orgiitsel ve toplumsal olarak ii¢ sekildedir. Havacilik alaninda kadinlarin karsilastiklar: tist
diizey kadin yonetici azlig1, kadin pilot oraninin diistikliigii, ticret esitsizligi, terfi ve ige alimlarda erkeklere 6ncelik
verilmesi gibi engeller ¢alisan kadinlarda motivasyon kaybina, stres ve anksiyete kaygisina neden olabilmektedir.
Calisma hayatinda karsilarina ¢ikan engeller kariyerlerinde ilerlemelerine ve stirdiirmelerinin dniine gegmektedir.
Bu ¢alismada havacilik alaninda cam tavan deneyimlerini incelemek amactyla, sektorde faaliyet gosteren kadin
calisanlarla yar1 yapilandirilmig miilakatlar yapilmigtir ve veriler sonucunda analiz yapilmistir. Elde edilen
bulgularda havacilik alaninda kadinlarin etkinliginin artmasina ragmen, toplumsal alg1 ve kurumsal kiiltiir algisinin
stirdiiriilebilir kariyerlerinde kisitlayici temel faktdrler oldugu ortaya koymaktadir. Calisma sonucunda, havacilik
alanindaki kadinlarin deneyimlerinden yararlanilarak iiretilen ¢6ziim 6nerileri sunulmaktadir.

Anahtar Sozciikler: Havacilikta Kadm, Cam tavan Kavrami, Kariyer Engelleri, Havacilik Sektorii, Toplumsal
Cinsiyet Esitsizligi

INTRODUCTION

Throughout aviation history, the concept of flying has been a symbol of freedom and of
transcending human limits. Today, along with advanced technologies, aviation has become a
symbol of strategic decision-making courage, imagination and liberty. However, women in the
field of aviation struggle not only with competence and technical knowledge but also with
numerous invisible obstacles. These barriers experienced by women have been termed the
“glass ceiling” (Cotter et al., 2001). The glass ceiling is expressed as an invisible and impassable
barrier situated between top management and female employees that disregards the
competencies and achievements of women in their professional lives, while restricting or
preventing their advancement (Mizrahi and Araci, 2010). This concept is not merely a result of
individual failure but is a consequence of institutional policies, societal roles, and gender

discrimination.

These invisible barriers prevent women in the field of aviation and many other sectors from
advancing beyond certain career levels. In the aviation industry, which possesses a
predominantly male-dominated mindset, the glass ceiling concept is intensely felt. Both
globally and in Tiirkiye, the number of female maintenance technicians, pilots, managers and
controllers remains a minority, and their gender is often prioritized over their professional

talents within the sector.

This study aims to evaluate the obstacles and discrimination encountered by women in aviation
within the framework of the glass ceiling concept. The factors producing the glass ceiling are
addressed first; the inequalities faced by women in the sector are then examined through
historical and current examples in aviation. Interviews conducted with women active in the field

are evaluated, and recommendations are presented in the final section. For women in aviation
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not only to reach the sky but also to find their way freely within it, a cultural and structural

transformation is required.

Conceptual framework

Table 1. Factors causing the glass ceiling

Individual Organizational Societal

Multiple role-taking Organizational culture Occupational segregation
Personal preferences and Organizational policies Societal prejudices
perceptions

Organizational climate
Lack of mentoring

Lack of equal opportunity
Inability to participate in
communication networks
Barriers set by male
managers

Barriers set by female
managers

Source: Ozel Bilim and Biilez (2018), adapted from KSSGM (1998).
Individual factors

Under individual factors, multiple role-taking, and personal preferences and perceptions are
considered. Multiple role-taking involves women in professional life undertaking
responsibilities as housewives, spouses, children and mothers alongside their job duties, which
causes them to assume intense roles in both domestic and professional life (Tiirkkahraman and
Sahin, 2010). Personal preferences and perceptions refer to the professional choices of female
employees, such as a lack of self-confidence, a lack of orientation toward career advancement,

and an inability to take on the responsibilities required for promotion within their roles.
Organizational factors

While women may have the possibility to intervene in individual factors, influencing
organizational factors is considerably more difficult. Organizational factors include
organizational culture, organizational policies, organizational climate, lack of mentorship, lack
of equal opportunity, exclusion from communication networks, and barriers set by male and
female managers. One of the greatest obstacles to women holding managerial positions in
professional life is organizational culture (Gtildal, 2006). Organizational policies are another
factor affecting women’s advancement; however, these policies can serve either as an advantage

or as a barrier. Due to beliefs that female employees in senior management may be hindered by
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being mothers, by being married, or by biological limitations, organizations have
unintentionally shaped their policies in ways that prevent women from rising in their
professional lives (Durmus, 2001). Transformational leadership has been proposed as one route

for overcoming these organizational barriers (Unal, 2015).
Societal factors

Societal factors, along with organizational and individual factors, are among the elements that
prevent female employees from advancing to senior levels. Occupational segregation and social
prejudices, which are among the societal factors, are causes that lead to the glass ceiling for
women (Yavuz and Uzun, 2019). In professional life, individuals in managerial positions are
expected to be influential and assertive, and a perception consequently arises that men are more
suitable for managerial roles. For subordinate positions, adaptability to the environment is
sought, and female employees are thought to be suitable for these roles. Such perceptions cause
female employees to feel under pressure and to perceive themselves as weaker than men (Utma,
2019). Changing these attitudes requires time and effort. To break free from stereotypical
thinking, organizations must first recognize these misconceptions and then shape the

organizational culture accordingly.
Women in the aviation sector

Women have flown since almost the beginning of powered flight, but access to the cockpit and
advancement within the industry are separate questions. In Tiirkiye the usual reference point is
Sabiha Gokgen, whose career is recorded in her own memoirs (Gokgen, 2008) and in Kivang

(1987). Almost a century later, the numbers have not followed the symbolism.

Vural (2025) argues that the standard vocabulary of this literature is too blunt for aviation.
Alongside the glass ceiling and the glass cliff, a third metaphor is proposed, the “glass sky”, to
describe how few women reach captain rank and how slowly that share has moved since the
1980s compared with other male-dominated professions such as law and medicine. The

explanation offered rests on cultural expectation and prejudice rather than on qualification.

Damgaci (2023) approaches the same gap from the regulatory side and examines the Aviator
Women Registry as an instrument for improving gender balance in Turkish civil aviation. Ekinci

(2019) documents a different mechanism through a case study of mobbing in the sector, which

275



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

moves the discussion away from recruitment figures and towards what happens to women who

are already inside the organization.

Aviation adds its own conditions to the general picture summarized in Table 1. Progression is
seniority-based and slow, duty periods are irregular by regulatory design, and the occupational
culture remains strongly male. Each of these interacts with the individual, organizational and

societal factors described above, which is why a sector-specific study is worth conducting.
MATERIALS AND METHODS

This study adopts a qualitative research design in order to gain an in-depth understanding of
women’s subjective experiences and of the barriers to which they are exposed. Data were
collected through semi-structured interviews with thirteen women actively working in the

aviation sector.

Participants were recruited through purposive sampling supplemented by snowball referral. The
sample size is consistent with thematic saturation guidance for qualitative research on relatively
homogeneous groups, where twelve interviews are typically sufficient to reach saturation and
additional interviews yield diminishing new content (Guest et al., 2006). To preserve
confidentiality, participants were anonymized and are referred to throughout the paper as K1

through K13.

The interviews followed a semi-structured guide covering career trajectory, perceived barriers,
promotion experiences and work—family arrangements. Each interview was audio-recorded
with informed consent, transcribed verbatim, and then examined through content analysis.
Ethics committee approval was obtained prior to data collection, and informed consent was

recorded from all participants.
RESULTS AND DISCUSSION

The findings indicate that the glass ceiling in aviation is not merely a perception but a concrete
barrier. Ten of the thirteen participants (K1, K3, K4, K5, K7, K8, K9, K10, K11, K13) stated
that promotion processes lack transparency and that their male colleagues are regarded as

“natural candidates” for advancement. Four core themes emerged from the content analysis.

Institutional barriers. Male-dominated management networks were described as the most

visible obstacle to advancement. Eleven of the thirteen participants (K1, K2, K3, K5, K6, K7,
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K8, K9, K10, K12, K13) reported that decision-making circles at senior levels were dominated
by men, and that women were rarely included in the informal networks through which

promotions were prepared.

Work-family conflict. Irregular flight hours clashing with domestic responsibilities and a lack
of institutional support emerged as a persistent tension. Nine of the thirteen participants (K1,
K3,K4,K6,K8,K9,K10, K11, K13) linked this tension to career interruption or self-limitation,
particularly in the years following childbirth.

Gender roles. The perception of women as inadequate for certain aviation roles was raised by
eight of the thirteen participants (K2, K4, K5, K7, K9, K10, K11, K12). Several noted that
assumptions about physical stamina, technical aptitude or emotional stability were applied to

women in a way that they were not applied to men.

Psychological barriers. Twelve of the thirteen participants (all except K6) reported feeling the
obligation to work twice as hard as men to prove themselves and described the resulting fatigue

and stress as a career cost that their male colleagues did not carry.
DISCUSSION

The four themes map onto the framework in Table 1, but not evenly. Institutional barriers and
work-family conflict sit in the organizational column. Gender roles are societal. Psychological
barriers fall between the individual and the organizational, because the compulsion to work

twice as hard is a response to an external signal rather than a personal preference.

That distribution is worth comparing with Ip¢ioglu et al. (2018). Working with human resources
managers rather than with women employees, they found that those managers attributed the
glass ceiling mainly to individual factors, and that several of them denied it was specific to
women at all. The participants in the present study describe something else: promotion criteria
they cannot see, rosters that nobody adjusts, and a settled assumption about who the obvious
candidate is. The distance between the two accounts is itself a result. Where the people who
administer promotion believe the barrier is personal, organizational remedies do not get

designed, because the problem is not recognized as organizational in the first place.

Promotion transparency was the issue raised most often in the interviews, and it is also the
cheapest to address. Published criteria, minuted panel decisions and a stated route of appeal

require no change in social attitudes and can be audited from records that already exist.
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Work-family conflict is harder. Irregular flight duty periods follow from safety regulation and
commercial scheduling rather than from administrative preference, so the roster itself is not
going to become regular. What can change is how far in advance it is published and what
institutional support surrounds it. This is where the case made by Damgaci (2023) for sector-
level instruments becomes relevant, since an individual operator has limited room to move on

rostering while a regulator does not.

The findings also support the argument of Vural (2025) for aviation-specific language.
Participants did not describe a single ceiling located just below senior management. They
described barriers spread across the whole career, several of which appear long before any

managerial threshold is reached.
Recommendations

Promotion. Publish the criteria for each rank, record panel decisions in writing, and provide a

route of appeal that does not run through the candidate’s own line manager.

Measurement. Report the distribution of women by rank and department annually. A barrier

that is not measured is easy to dismiss as perception.

Mentoring. Pair junior women with senior staff outside their own reporting line. Mentoring

inside the line of command tends to reproduce the networks that already exist.

Rostering. Publish rosters further in advance and provide a formal swap mechanism.

Predictability, not reduced duty, is what participants described as missing.

Training. Include career barriers and gender bias in recurrent human factors and crew resource
management training, where the sector already has an established mechanism for changing

behaviour.

Reporting. Provide a channel for harassment and mobbing complaints that is independent of

line management, given what Ekinci (2019) records about the sector.
Limitations

The study covers one sector in one country and uses a small purposive sample of thirteen
participants, so the findings describe these participants rather than women in aviation generally.

Only women were interviewed; managers and male colleagues were not, which means the
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account of how promotion decisions are made rests on how participants experienced those
decisions. Participation was voluntary, so women with stronger experiences of the barrier may

be over-represented.
CONCLUSION

Women’s presence in aviation has grown, but presence and progression appear to follow
different rules. The barriers described in these interviews were not mainly about competence or
training. They were about who is assumed to be the obvious candidate, about promotion
processes that are not written down anywhere, and about rosters built on the assumption that

domestic responsibilities are somebody else’s problem.

Two of those three are organizational, and an operator can change them without waiting for
social attitudes to shift. The third is slower and lies beyond any single firm. That asymmetry is
the practical message of this study: the parts of the glass ceiling that are easiest to remove are

also the parts that organizations most readily describe as beyond their control.
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ABSTRACT

The degree of coffee roasting has a strong influence not only on the dynamics of volatile
substance release and aroma perception, but also on mechanical properties. The aim of the study
was to determine the effect of different roasting degrees of coffee beans on their mechanical
strength. The “Typica” variety of Arabica coffee beans from Guatemala was used in this study.
Three roast levels (light, medium and dark) were used in this study, which significantly
differentiated the properties of the coffee beans. Light coffee beans were obtained at 198°C,
while medium roasting was achieved at 212°C before the second crack. Roasting at a higher
temperature, in the range of 228-230°C, until the second crack resulted in dark coffee beans.
The beans were roasted at Rovigo Caffee (Lublin, Poland) in a Coffed SR 5 roaster, equipped
with a double-walled drum with bean and exhaust temperature sensors. The tests were
conducted using an MTS Insight 2 universal testing machine. A strain gauge head with a
maximum force range of 250 N was used for the measurements, enabling precise force
recording during compression tests. Individual coffee beans were placed centrally between the
pressure plates, and the measurement was continued at a set head speed until the beans were
crushed or cracked. The influence of the degree of roasting of coffee beans on their mechanical
strength has been demonstrated. Coffee roasted to a light degree showed the greatest mechanical

strength, while coffee roasted to the highest degree showed the lowest.

Keywords: coffee, roasting degrees, mechanical strength
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ABSTRACT

This descriptive study was conducted to determine the obesity awareness levels of adolescents
aged 10-18 years who applied to the Pediatric Endocrinology Outpatient Clinic and to evaluate
these levels according to sociodemographic characteristics, age group, and body mass index
(BMI) categories. The sample consisted of 431 adolescents who attended the outpatient clinic
between September 2022 and September 2023 and agreed to participate in the study. Data were
collected through face-to-face interviews using the Adolescent Information Form developed by
the researchers and the Obesity Awareness Scale. Descriptive statistics, Mann—Whitney U test,
Kruskal-Wallis test, and Spearman correlation analysis were used for data analysis. The mean
age of the participants was 13.84+2.22 years, and 65.7% were female. The mean total Obesity
Awareness Scale score was 57.704+9.05, indicating a good level of awareness in both the total
scale and all subdimensions. It was found that 56.4% of the participants had a good level and
38.1% had a high level of obesity awareness, while no participant demonstrated a low level of
awareness. The obesity awareness subdimension score was significantly higher in late
adolescents than in early adolescents. According to BMI categories, the total scale score of the
overweight group was significantly higher than that of the normal-weight group, while the
obesity awareness subdimension score of the obese group was significantly higher than that of
the normal-weight group. In addition, a very weak positive correlation was found between BMI
and both the total obesity awareness score and the obesity awareness subdimension score. No
significant differences were found in total scale or subdimension scores according to sex,
socioeconomic status, presence of an additional health problem, or maternal history of obesity.
In conclusion, obesity awareness among adolescents was generally at a good level; however, it
varied according to certain variables such as age and BMI. These findings indicate that
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developmental characteristics and risk groups should be considered in preventive interventions

for adolescents.

Keywords: adolescents, obesity awareness, body mass index, nutrition, physical activity

ADOLESANLAR OBEZITENIN NE KADAR FARKINDA?
OZET

Bu tanimlayici g¢alisma, Cocuk Endokrinoloji Poliklinigine bagvuran 10-18 yas arasi
adolesanlarin obezite farkindalik diizeylerini belirlemek ve bu diizeyleri sosyodemografik
ozellikler, yas grubu ve beden kitle indeksi (BKI) kategorilerine gére degerlendirmek amaciyla
yapilmistir. Arastirmanin drneklemini, Eyliil 2022—Eyliil 2023 tarihleri arasinda poliklinige
basvuran ve ¢aligmaya katilmayi1 kabul eden 431 addlesan olusturmustur. Veriler, arastirmacilar
tarafindan gelistirilen Adélesan Bilgi Formu ve Obezite Farkindalik Olgegi kullamilarak yiiz
ylize goriisme yOntemiyle toplanmistir. Verilerin analizinde tanimlayici istatistikler, Mann—

Whitney U testi, Kruskal-Wallis testi ve Spearman korelasyon analizi kullanilmistur.

Katilimcilarin yas ortalamasi 13,84 + 2,22 yil olup, %65,7’si kizdir. Obezite Farkindalik Olgegi
toplam puan ortalamasi 57,70 + 9,05 olarak bulunmus ve bu durum hem toplam puan hem de
tiim alt boyutlar acisindan iyi diizeyde farkindaliga isaret etmistir. Katilimeilarin %56,4’iiniin
iyl diizeyde, %38,1’inin ise yiiksek diizeyde obezite farkindaligina sahip oldugu, higbir
katilimecinin diisiik diizeyde farkindalik gdstermedigi belirlenmistir. Obezite farkindalig alt
boyut puaninin ge¢ adolesanlarda erken addlesanlara gore anlamli derecede daha yiiksek oldugu
saptanmistir. BKI kategorilerine gore, fazla kilolu grubun toplam &lgek puani normal kilolu
gruba gore anlamli derecede daha yiiksek bulunurken, obez grubun obezite farkindalig1 alt
boyut puan1 normal kilolu gruba gore anlamli derecede daha yiiksek bulunmustur. Ayrica, BKI
ile hem toplam obezite farkindalik puan1 hem de obezite farkindaligi alt boyut puani arasinda
cok zayif diizeyde pozitif bir korelasyon oldugu belirlenmistir. Cinsiyet, sosyoekonomik
durum, ek saglik sorunu varlig1 ve anne obezite Oykiisiine gore toplam Olcek ve alt boyut
puanlari arasinda anlamli bir fark bulunmamistir Sonu¢ olarak, addlesanlarda obezite
farkindaliginin genel olarak iyi diizeyde oldugu; ancak yas ve BKI gibi baz1 degiskenlere gore
farklilik gosterdigi belirlenmistir. Bu bulgular, addlesanlara yonelik koruyucu girisimlerde

gelisimsel 6zelliklerin ve risk gruplarinin dikkate alinmasi gerektigini gdstermektedir.

Anahtar Kelimeler: adélesan, obezite farkindaligi, beden kitle indeksi, beslenme, fiziksel aktivite
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ABSTRACT

This review aims to examine the current literature on obesity awareness in children and to
identify the main individual, familial, and environmental factors associated with this concept.
It also seeks to evaluate the role of awareness-based approaches in the prevention and
management of childhood obesity. This study was designed as a narrative review of the
literature addressing obesity awareness in children. The review included studies published
between 2020 and 2026 that focused on childhood obesity awareness. The selected studies were
analyzed about the impact of obesity awareness on eating behaviors, levels of physical activity,
parental influence, school-based interventions, and health education practices. The reviewed
literature shows that obesity awareness in children is a multidimensional concept that extends
beyond simple knowledge acquisition. It is associated with eating habits, physical activity level,
family structure, parental education and awareness, school environment, and social
surroundings. School-based educational interventions appear to be particularly effective in
improving children’s obesity awareness. Interactive methods such as creative drama, structured
health education, and participatory teaching strategies have been reported to produce positive
outcomes. However, increased awareness does not always directly lead to reductions in body
mass index or obesity prevalence. This finding suggests that childhood obesity is a complex
condition shaped by biological, behavioral, and environmental factors. Obesity awareness in
children is a modifiable and supportable area, but it is not sufficient on its own in combating
obesity. For more effective and sustainable outcomes, it is recommended to develop long-term,
multicomponent interventions that target children together with their families and school
environments.

Keywords: childhood obesity, obesity awareness, children, health education, school-based interventions
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COCUKLARDA OBEZITE FARKINDALIGINA YONELIK GUNCEL YAKLASIMLAR:
BiR LITERATUR DERLEMESI

OZET

Bu derleme, ¢ocuklarda obezite farkindaligina iliskin giincel literatiirii incelemeyi, bu kavramla
iligkili baslica bireysel, ailesel ve cevresel faktorleri belirlemeyi amaglamaktadir. Ayrica
farkindalik temelli yaklasimlarin ¢ocukluk ¢agi obezitesinin Onlenmesi ve yoOnetimindeki
roliinii degerlendirmeyi de hedeflemektedir. Bu ¢alisma, ¢ocuklarda obezite farkindaligini ele
alan literatiiriin anlatisal derlemesi olarak tasarlanmistir. Derlemeye, 2020-2026 yillar1 arasinda
yaymmlanmis ve cocuklarda obezite farkindaligina odaklanan caligmalar dahil edilmistir.
Secilen calismalar; obezite farkindaliginin beslenme davraniglari, fiziksel aktivite diizeyi,
ebeveyn etkisi, okul temelli girisimler ve saglik egitimi uygulamalar1 tizerindeki etkileri

acisindan analiz edilmistir.

Incelenen literatiir, cocuklarda obezite farkindaliginin yalmizca bilgi ediniminin tesine gecen
cok boyutlu bir kavram oldugunu gostermektedir. Bu farkindalik; beslenme aliskanliklari,
fiziksel aktivite diizeyi, aile yapisi, ebeveyn egitimi ve farkindaligi, okul ortami ve sosyal ¢evre
ile iligkilidir. Okul temelli egitim girisimlerinin ¢ocuklarin obezite farkindaligin1 artirmada
ozellikle etkili oldugu goriilmektedir. Yaratici drama, yapilandirilmis saglik egitimi ve katilimer
Ogretim stratejileri gibi etkilesimli yOntemlerin olumlu sonuglar ortaya koydugu
bildirilmektedir. Bununla birlikte, artan farkindalik her zaman beden kitle indeksinde ya da
obezite prevalansinda dogrudan bir azalma ile sonu¢lanmamaktadir. Bu bulgu, cocukluk cag1
obezitesinin biyolojik, davranigsal ve cevresel etmenlerle sekillenen karmasik bir durum
oldugunu gostermektedir.

Cocuklarda obezite farkindaligi degistirilebilir ve desteklenebilir bir alan olmakla birlikte,
obezite ile miicadelede tek basina yeterli degildir. Daha etkili ve siirdiiriilebilir sonuglar i¢in,
cocuklar1 aileleri ve okul cevreleriyle birlikte hedef alan uzun siireli ve ¢ok bilesenli
miidahalelerin gelistirilmesi 6nerilmektedir.

Anahtar Kelimeler: ¢cocukluk ¢ag1 obezitesi, obezite farkindaligi, cocuklar, saglik egitimi, okul temelli

girigimler
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ABSTRACT

Airports are complex operational ecosystems where logistics activities play a crucial role in
ensuring the continuous flow of passengers, cargo, and ground services. Accordance with the
rapid growth in global air transportation, concerns regarding environmental sustainability have
become increasingly significant. In this context, green logistics practices have emerged as an
important approach for reducing environmental impacts associated not only with aircraft
operations but also with ground-based activities at airports. These practices include energy-
efficient ground handling operations, waste management, sustainable transportation within
airport facilities, reduced emissions from ground support equipment, and environmentally
responsible resource management. Given that airport operations rely heavily on human
interaction and operational coordination, the perceptions and awareness of airport employees
toward green logistics practices are essential for the successful implementation of sustainability
strategies. Employees who recognize and internalize such practices are more likely to support
and contribute to organizational sustainability goals.

This study aims to examine the perception of green logistics practices among airport employees.
Data will be collected through a structured questionnaire based on a five-point Likert scale
administered to Antalya International Airport and Gazipasa-Alanya Airport employees. The
survey will measure the extent to which employees perceive and recognize green logistics
practices implemented within their airport environment. The collected data will be analyzed
using IBM SPSS, and descriptive statistical methods will be applied to evaluate the overall
perception levels.

The findings are expected to provide insights into how airport employees perceive existing
green logistics initiatives and whether these practices are sufficiently visible and understood
within airport operations. A higher level of perception may indicate stronger organizational
alignment with sustainability objectives. Therefore, the results of this study are expected to
contribute to the literature on sustainable aviation management and highlight the role of
employee awareness in advancing sustainability practices in airport environments.

Keywords: Green logistics practices, airports, sustainability, aviation

286



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

THE IMPACT OF CLIMATE CHANGE ON THE AVIATION INDUSTRY:
AN ANALYSIS OF THE CURRENT SITUATION IN TURKEY

Meltem AKCA

Alanya Alaaddin Keykubat University, Faculty of Aviation and Space Sciences, Gazipasa/Tiirkiye ORCID:
0000-0001-5544-5929

ABSTRACT

Climate change has become one of the most pressing global challenges of the twenty-first
century, affecting economic systems, transportation networks, and environmental sustainability.
As a sector characterized by high mobility and energy consumption, the aviation industry both
contributes to and is affected by climate change. Aviation activities generate greenhouse gas
emissions, particularly carbon dioxide, which has led to increasing international pressure to
reduce the environmental footprint of air transport. At the same time, climate change itself poses
operational challenges for the aviation sector through extreme weather events, rising
temperatures, and changing atmospheric conditions that may influence airport infrastructure,

flight operations, and air traffic management.

In response to these challenges, international aviation organizations such as the International
Civil Aviation Organization and the International Air Transport Association have introduced
various initiatives and policy frameworks aimed at mitigating aviation-related emissions and

supporting the transition toward more sustainable aviation systems.

This study examines the impact of climate change on the aviation industry and analyzes the
current institutional approaches adopted in Tiirkiye. The research focuses on national aviation
authorities and key stakeholders, including the Ministry of Transport and Infrastructure of
Tiirkiye, the Directorate General of Civil Aviation, and the State Airports Authority. By
reviewing policy documents, institutional reports, and sustainability initiatives, the study
evaluates how climate change mitigation and adaptation strategies are integrated into aviation
governance and airport operations in Tiirkiye.

The findings are expected to provide an overview of the current policy landscape and highlight
the role of national aviation institutions in aligning with global sustainability goals and climate
commitments within the aviation sector.

Keywords: Climate Change, Sustainability, Aviation, Tiirkiye
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ABSTRACT

Airports are not only infrastructures that serve passenger transportation but also critical
facilities that significantly contribute to economic development, tourism activities, and regional
accessibility. However, the planning and development processes of airports may create various
environmental pressures on surrounding natural areas and ecosystems. In recent years,
environmental sustainability in airport planning has gained increasing importance in line with
global efforts to combat climate change, reduce carbon emissions, and achieve sustainable
development goals. In this context, evaluating the ecosystem impacts of airport layout planning
has emerged as an important research area within the field of sustainable aviation management.

The aim of this study is to evaluate the potential ecosystem impacts of airport layout planning
through the case of Gazipasa-Alanya Airport, which operates in Tiirkiye and is categorized as
a medium-sized airport. Within the scope of the research, the effects of airport land use,
infrastructure planning, and operational activities on surrounding natural habitats, biodiversity,
and environmental sustainability are examined. In addition, the relationship between airport
infrastructure planning, environmental protection approaches, and sustainable development
objectives is discussed.

The study adopts a qualitative research approach and utilizes literature review and document
analysis methods. In this context, academic studies related to airport development,
environmental management, and sustainable aviation were examined together with
Environmental Impact Assessment (EIA) reports, reports published by civil aviation authorities,
institutional documents related to airport operations, and relevant official statistics. The
findings indicate that incorporating environmental sustainability principles into airport planning
plays a significant role in mitigating potential negative impacts on surrounding ecosystems.

Keywords: Sustainable Aviation, Airport Planning, Environmental Sustainability, Ecosystem Impacts, Gazipasa-
Alanya Airport
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ABSTRACT

Recreational activities serve as autonomous spaces where individuals distance themselves from
daily life stress to realize their potential and achieve optimal psychological experiences. The
personal commitment an individual feels toward an activity and the meaningful connection
established with it are considered primary determinants of the psychological focus that emerges
during these activities. Particularly in sports like darts, which require technical skill and intense
concentration, investigating the predictive effect of involvement levels on the flow experience
is crucial for understanding the quality of leisure. This study aims to examine the predictive
effect of leisure involvement levels on psychological flow among recreational dart participants.
Within the scope of the research, the relationship between individuals' personal commitment to
darts and the state of flow experienced during this activity is addressed at both theoretical and
empirical levels. Accordingly, by determining the extent to which involvement dimensions
explain the flow experience and how this process is shaped by demographic variables, the study
intends to contribute to the leisure literature specifically focused on the sport of darts.

The research was conducted using a correlational survey design within a quantitative approach.
The study group consisted of 229 participants (136 females, 59.4%; 93 males, 40.6%; Mage =
23.35+7.97) who actively engage in dart as a leisure activity, selected via purposive sampling.
The five-dimensional Leisure Involvement Scale (LIS) and the nine-item Psychological Flow
Scale (PFS) were used as data collection tools. Normality assumptions were tested via
Skewness and Kurtosis values, which remained within the +1.5 range, indicating a normal
distribution. Data were analyzed using Pearson correlation, independent samples t-test (with
Cohen’s d for effect size), and one-way ANOVA (with n? and Tukey HSD post-hoc). To
determine the predictive power of involvement dimensions on flow, multiple linear regression
analysis was performed after ensuring assumptions for multicollinearity (VIF < 3.0; Tolerance
> 0.3) and autocorrelation (Durbin-Watson = 1.87).

Statistical analyses revealed significant positive moderate-to-high correlations between all
dimensions of leisure involvement and psychological flow (r ranging from .540 to .676; p <
.01). Multiple regression results showed that leisure involvement dimensions explained 52.1%
of the total variance in psychological flow (R2 = .521; F = 48.587; p < .001). Specifically,
identification ( = .463) and attraction (f =.261) emerged as the strongest significant predictors
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of the flow experience. While gender did not yield significant differences in involvement or
flow (p > .05), experience duration significantly increased both constructs (n? =.062).

The study concludes that the identity bond an individual forms with the activity and the level
of attraction are fundamental factors determining the flow experience in recreational dart.

The study is cross-sectional, and findings are limited to the sport of darts; additionally, the
sample predominantly consists of young adults with 1-3 years of experience.

Recreational event planners should focus on organizations that support personal attraction and
reinforce social identity to enhance the flow experience. Future research is recommended to
include motivational processes as mediating variables and to conduct comparative analyses

across different recreational branches.
Keywords: Recreation, dart, leisure involvement, psychological flow, identification.

REKREASYONEL DART KATILIMCILARINDA PSIKOLOJiK AKISIN YORDANMASI:
SERBEST ZAMAN ILGILENIMININ COK BOYUTLU ANALIZi

OZET

Rekreasyonel faaliyetler, bireylerin giinliik yasam stresinden uzaklasarak kendilerini
gerceklestirdikleri ve optimal psikolojik deneyimler yasadiklar1 6zgiir alanlardir. Bu siiregte
bireyin bir aktiviteye yonelik hissettigi kisisel baglilik ve aktiviteyle kurdugu anlam iligkisi, o
faaliyet sirasinda ortaya c¢ikan psikolojik odaklanmanin temel belirleyicisi olarak
goriilmektedir. Ozellikle dart gibi teknik beceri ve yogun konsantrasyon gerektiren branslarda,
katilimcinin ilgilenim diizeyinin akis deneyimi iizerindeki yordayici etkisinin incelenmesi,
serbest zamanin niteligini anlamak agisindan kritik 6nem tasimaktadir. Bu arastirma,
rekreasyonel dart katilimecilarinin serbest zaman ilgilenim diizeylerinin psikolojik akis
iizerindeki yordayic etkisini incelemeyi amaglamaktadir. Caligma kapsaminda, bireylerin dart
aktivitesine duyduklart kisisel bagliligin bu faaliyet sirasinda deneyimlenen akis durumuyla
olan iligkisi kuramsal ve ampirik diizeyde ele alinmaktadir. Bu dogrultuda, ilgilenimin alt
boyutlarinin akis deneyimini ne derece agikladig1 ve bu siirecin demografik degiskenlere gore
nasil sekillendigi belirlenerek rekreasyon literatiiriine dart bransit 6zelinde katki sunulmasi
hedeflenmektedir.

Arastirma, nicel arastirma yaklasimi c¢ercevesinde iliskisel tarama deseninde yiiriitiilm{istir.
Calisma grubunu, amagl 6rnekleme yontemiyle belirlenen ve serbest zamanlarinda aktif olarak
dart oynayan 229 katilmeci (136 kadin, %59.4; 93 erkek, %40,6; Yas ort.=23,35+7,97)
olusturmaktadir. Veri toplama arac1 olarak bes boyutlu Serbest Zaman Ilgilenim Olgegi (SZIO)
ve dokuz maddelik Psikolojik Akis Olcegi (PAO) kullanilmistir. Analiz siireci 6ncesinde
verilerin normallik varsayimlar1 Skewness ve Kurtosis degerleri iizerinden test edilmis;
degerlerin £1,5 araliginda kalarak normal dagilim sergiledigi saptanmistir. Verilerin analizinde
Pearson korelasyon analizi, bagimsiz drneklemler t-testi (etki biiytikliigii icin Cohen’s d ile) ve
tek yonlit ANOVA (etki bityiikliigii icin 2 ve Tukey HSD post-hoc ile) uygulanmustir. Ilgilenim
boyutlarinin akis lizerindeki yordayici giiclinii belirlemek amaciyla; ¢oklu baglant1 (VIF < 3,0;
Tolerans > 0,3) ve otokorelasyon (Durbin-Watson = 1,87) varsayimlar1 karsilanmis c¢oklu
dogrusal regresyon analizi kullanilmistir.

[statistiksel analizler, serbest zaman ilgileniminin tiim alt boyutlarinin psikolojik akis ile pozitif
yonlii, orta ve yiiksek diizeyde anlaml iligkiler sergiledigini ortaya koymustur (r=,540 ile ,676
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arast; p<,01). Coklu regresyon analizi sonuglarina gore; serbest zaman ilgilenimi boyutlari
psikolojik akistaki toplam varyansin %52,1’ini agiklamaktadir (R?=,521; F=48,587; p<,001).
Alt boyutlar bazinda 6zdeslesme (p=,463) ve ¢ekicilik (p=,261) akis deneyiminin en giiclii ve
anlamli yordayicilar1 olarak belirlenmistir. Cinsiyet degiskeninin ilgilenim ve akis puanlari
iizerinde istatistiksel olarak anlamli bir farklilik olusturmadigi (p>,05), ancak deneyim siiresi
arttikca hem ilgilenim hem de akis diizeylerinin anlamli diizeyde yiikseldigi tespit edilmistir
(m*=,062).

Arastirma sonucunda, rekreasyonel dart katiliminda bireyin aktiviteyle kurdugu kimlik bagi ve
aktiviteye duydugu ilginin, akis deneyimini belirleyen temel unsurlar oldugu saptanmustir.
Calisma kesitsel bir yapida olup bulgular dart sporuyla sinirlidir; ayrica 6rneklemin biiyiik
cogunlugu 1-3 yil aras1 deneyime sahip geng yetiskinlerden olugsmaktadir.

Rekreasyonel etkinlik planlayicilari, katilimcilarin akis deneyimini artirmak i¢in bireysel
cekiciligi destekleyen ve sosyal kimligi pekistiren organizasyonlara odaklanmalidir. Gelecek
aragtirmalarin, ilgilenim ve akis arasindaki iliskide motivasyonel siiregleri araci degisken olarak
modele dahil etmesi ve farkli rekreasyonel branglarda karsilastirmali analizler yapmasi

onerilmektedir.
Anahtar Kelimeler: Rekreasyon, dart, serbest zaman ilgilenimi, psikolojik akis, 6zdeslesme.
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ABSTRACT

The aim of this study is to systematically examine postgraduate theses conducted in Turkey in
the field of adventure recreation and to reveal trends regarding publication years,
methodological approaches, sample characteristics, thematic focuses, and findings. A
systematic review design was employed, and the review process was conducted in accordance
with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
protocol. Data were collected from the National Thesis Center of the Council of Higher
Education using the keywords “adventure recreation,” “adventure experience,” and “adventure
behavior.” Initially, 24 studies were identified; after removing duplicates and excluding studies
outside the scope, 21 theses were included in the final analysis.

Findings indicate that these were produced between 2016 and 2025, with a noticeable increase
after 2020. In terms of methodology, most studies adopted quantitative research designs (n=17),
while qualitative (n=3) and mixed-method (n=1) approaches were limited. Regarding sample
distribution, branch-specific participants (n=9, 42.9%), general outdoor adventure participants
(n=8, 38.1%), and general/specific demographic groups (n=4, 19.0%) were identified.

The most dominant research theme was adventure behavior seeking and sensation seeking
(n=10). Other frequently studied variables included motivation, psychological well-being,
subjective well-being, psychological resilience, and personality traits. The majority of findings
demonstrated positive and significant relationships among variables. In recent years, mediation
models and structural equation modeling have become more common. Additionally, emerging
themes such as sustainability, virtual reality, and wearable technologies have started to appear
in the literature.

In conclusion, adventure recreation research in Turkey appears to be predominantly
psychology-oriented and quantitatively driven, with increasing theoretical sophistication and
model testing in recent years. This systematic review provides a comprehensive overview of

the field and offers guidance for future research directions.
Keywords: Adventure recreation, systematic review, PRISMA, postgraduate theses, adventure behavior.
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TURKIYE’'DE MACERA REKREASYONU ALANINDA HAZIRLANAN LISANSUSTU
TEZLERIN SISTEMATIK INCELENMESI: EGILIMLER, YAKLASIMLAR VE TEMATIK
DAGILIM

OZET

Bu arastirmanin amaci, Tiirkiye’de macera rekreasyonu alaninda hazirlanmis lisansiistii tezleri
sistematik bi¢gimde incelemek ve mevcut literatliriin yillara gore dagilimini, yontemsel
egilimlerini, 6rneklem yapilarini, konu temalarin1 ve bulgularin1 ortaya koymaktir. Calismada
sistematik derleme yontemi kullanilmis ve tarama stireci PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) protokolii dogrultusunda ylriitilmiistiir. Veri
kaynag1 olarak YOK Tez Merkezi kullanilmis; “macera rekreasyonu”, “macera deneyimi” ve
“macera davranisi” anahtar kelimeleriyle yapilan tarama sonucunda 24 ¢alismaya ulasilmistir.

Yinelenen ve alan dis1 caligmalar ¢ikarildiktan sonra analiz kapsamina 21 tez dahil edilmistir.

Bulgular, tezlerin 20162025 yillar1 arasinda iiretildigini ve 6zellikle 2020 sonrasi donemde
belirgin bir artis gosterdigini ortaya koymustur. Yontemsel acidan caligsmalarin biiytiik
cogunlugunun nicel arastirma deseninde oldugu (n=17), nitel (n=3) ve karma (n=1) yontemlerin
siirl diizeyde kullamildig1 belirlenmistir. Orneklem dagilimi incelendiginde brans temelli
spesifik katilimcilarin (n=9, %42,9), genel outdoor macera katilimcilarinin (n=8, %38,1) ve
genel/6zel demografik gruplarin (n=4, %19,0) tercih edildigi gortilmiistiir.

Konu dagiliminda en baskin temanin macera davranisi arayisi ve heyecan arayisi oldugu (n=10)
tespit edilmistir. Motivasyon, psikolojik iy1 olus, 6znel 1yi olus, psikolojik saglamlik ve kisilik
degiskenleri siklikla calisilan diger temalar arasinda yer almaktadir. Bulgularin biiytik
cogunlugunda degiskenler arasinda pozitif ve anlamli iligkiler belirlenmis; son yillarda aracilik
modellerinin ve yapisal esitlik analizlerinin arttig1 gézlenmistir. Ayrica siirdiiriilebilirlik, sanal
gerceklik ve giyilebilir teknoloji gibi yeni temalarin literatiire dahil olmaya basladig:
saptanmuistir.

Sonug olarak Tiirkiye’de macera rekreasyonu alaninin psikoloji temelli bir eksende gelistigi,
yontemsel olarak nicel arastirmalarin baskin oldugu ve son yillarda kuramsal ve model test eden
caligmalarin arttig1 goriilmektedir. Bu sistematik derleme, literatiirdeki egilimleri ve bosluklari
ortaya koyarak gelecekte yapilacak aragtirmalara yon gostermeyi amaglamaktadir.

Anahtar Kelimeler: Macera rekreasyonu, sistematik derleme, PRISMA, lisansiistii tezler, macera davranisi.
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ABSTRACT

Health tourism, rapidly gaining momentum with globalization and technological advancements,
has become a fundamental component of today's inter-country economic and social
competition. In this process, the quality of offered healthcare services and the international
accreditation reports available are among the most critical variable destination choices for
health tourists. This study examines the distribution of service quality and accreditation
components in health tourism through a summarized literature review method. The study also
details the roles, operations, and application of leading international accreditation bodies such
as the “Joint Commission International (JCI)”, the “International Society for Healthcare Quality
(ISQua)”, “TEMOS” and their impact on healthcare facilities in the context of global
competition.

Areview of the literature reveals that international health tourists are not only motivated by low
cost expectations but they also prioritize medical reliability, patient safety, hygiene standards
and communication quality. In this context, accreditation is seen to strengthen the corporation
of healthcare facilities, systematize service standards and ensure sustainable quality
management. In the case of Turkey, the “Healthcare Quality Standards (HQS)” and “Healthcare
Accreditation Standards (HAS)” implemented by the “Ministry of Health of the Republic of
Turkey”, as well as structures such as the “International Healthcare Services Inc. (USHAS)”
and the “HealthTiirkiye” portal, is getting stronger the country's position in the global health
tourism market. Through tables prepared in light of 2023-2026 data, Tiirkiye's current status in
“JCI and Temos” accreditations is presented in comparison with other countries.

In conclusion, for sustainability and international credibility in health tourism, accreditation
processes should not be merely a certification process, but rather adopted as a dynamic
institutional culture aimed at continuous improvement. This study highlights the necessity for
healthcare facilities to integrate quality management processes into their corporate identity.

Keywords: International Health Tourism, Service Quality, Accreditation, Tiirkiye.
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ULUSLARARASI SAGLIK TURIZMINDE HiZMET KALITESI VE AKREDITASYONUN
ONEMI

OZET

Kiiresellesme ve teknolojik gelismelerle birlikte hizla ivme kazanan saglik turizmi, giinlimiizde
iilkeler aras1 ekonomik ve sosyal rekabetin temel belirleyici unsurlarindan biri haline gelmistir.
Bu siiregte saglik turistlerinin destinasyon se¢imini etkileyen en kritik degiskenlerin basinda,
sunulan saglik hizmetlerinin kalitesi ve bu kalitenin uluslararasi gegerliligi olan akreditasyon
belgeleriyle sunulmasi gelmektedir. Bu calisma, saglik turizminde hizmet kalitesi ve
akreditasyon siireclerinin stratejik Onemini kapsamli bir literatiir taramasi ydntemiyle
derinlemesine incelemeyi amaclamaktadir. Calisma kapsaminda “Joint Commission
International (JCI)”, “International Society for Quality in Healthcare (ISQua)” ve “Temos” gibi
onde gelen uluslararasi akreditasyon kuruluslarinin rolleri, isleyisleri ve bu kuruluslarin saglik
tesislerine sagladig kiiresel rekabet avantajlar1 ayrintili olarak ele alinmigtir.

Alanyazin incelenmesinde uluslararasi saglik turistlerinin sadece diisiik maliyet beklentisiyle
hareket etmedigi; ayn1 zamanda tibbi giivenilirlik, hasta gilivenligi, hijyen standartlar1 ve
iletisim kalitesini de onceliklendirdigi tespit edilmistir. Bu baglamda akreditasyonun, saglik
tesislerinin kurumsal imajini giiglendirdigi, hizmet standartlarini sistematik hale getirdigi ve
stirdiiriilebilir bir kalite yonetimi sagladigi goriilmektedir. Tiirkiye Ozelinde ise Tiirkiye
Cumhuriyeti Saglik Bakanligr tarafindan yiiriitiilen “Saglikta Kalite Standartlar1 (SKS)” ve
“Saglikta Akreditasyon Standartlar1 (SAS)” ile “Uluslararas1 Saglik Hizmetleri Anonim Sirketi
(USHAS)” ve “HealthTiirkiye” portali gibi yapilarin, tilkenin kiiresel saglik turizmi pazarindaki
konumunu giiclendirmektedir. 2023 ve 2026 verileri 1s181nda hazirlanan tablolar araciligiyla
Tirkiyemin “JCI ve Temos” akreditasyonlarindaki mevcut durumu, diger {ilkelerle
karsilagtirmali olarak sunulmustur.

Sonug olarak, saglik turizminde siirdiiriilebilirlik ve uluslararasi giivenilirlik i¢in akreditasyon
stireclerinin sadece bir belge alma siireci degil, siirekli iyilestirmeyi hedefleyen dinamik bir
kurum kiiltiirii olarak benimsenmesi gerekmektedir. Bu c¢aligma, saglik tesislerinin kalite
yonetimi slireclerini kurumsal kimliklerinin ayrilmaz bir parcasi haline getirmelerinin
gerekliligini ortaya koymaktadir.

Anahtar Kelimeler: Uluslararas1 Saglik Turizmi, Hizmet Kalitesi, Akreditasyon, Tiirkiye.
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ABSTRACT

Disease is a condition that disrupts the physical, psychological, and social balance of
individuals and complicates their adaptation process, occurring in both acute and chronic forms.
Both the disease itself and its associated side effects negatively affect individuals’ activities of
daily living, leading to outcomes ranging from minor problems to life-threatening
complications. This situation may result in delayed recovery and prolonged hospital stays. The
effectiveness of nursing care plays a critical role in minimizing complications through
appropriate care interventions. The aim of this study is to examine the technological methods
used in teaching patient care in nursing and to present current research in this field.

This study is a descriptive review based on the analysis of recent literature on technological
approaches used in nursing care.

According to the reviewed studies, simulation practices, virtual reality (VR) systems supported
by head-mounted displays, augmented reality (AR) technologies, mobile learning tools, and
artificial intelligence-based systems are widely used in nursing education. In particular, three-
dimensional and interactive clinical environments created through virtual reality headsets have
been found to improve students’ psychomotor skills, support clinical decision-making
processes, and enhance learning retention.

The use of technological methods in nursing education makes significant contributions to
improving the quality of patient care. Therefore, it is recommended that educational programs

be supported with innovative technologies such as virtual reality.

Keywords: Nursing education, patient care, technology, virtual reality, simulation, artificial intelligence
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HEMSIRELIKTE HASTA BAKIMININ OGRETILMESINDE KULLANILAN
TEKNOLOJIK YONTEMLER VE GUNCEL ARASTIRMALARIN SUNULMASI

OZET

Hastalik, bireyin fiziksel, psikolojik ve sosyal dengesini bozarak uyum siirecini zorlagtiran bir
durum olup akut ve kronik formlarda karsimiza ¢ikmaktadir. Hastaligin kendisi ve beraberinde
getirdigi yan etkiler, bireylerin giinliik yasam aktivitelerini olumsuz yonde etkileyerek basit
sorunlardan yasami tehdit eden komplikasyonlara kadar uzanan sonuglara yol agabilmektedir.
Bu durum, iyilesme siirecinin gecikmesine ve hastanede kalig siiresinin uzamasina neden
olmaktadir. Hemsirelik bakimimin etkinligi, uygun bakim girisimlerinin planlanmasi ve
uygulanmasi ile komplikasyonlarin en aza indirilmesinde 6nemli rol oynamaktadir. Bu
bildirinin amaci, hemsirelikte hasta bakiminin 6gretilmesinde kullanilan teknolojik yontemleri

ve bu alandaki giincel arastirmalart incelemektir.

Bu calisma, hemsirelik bakiminda kullanilan teknolojik yaklasimlara iligkin giincel literatiiriin
incelenmesine dayanan derleme niteligindedir.

Incelenen ¢alismalar dogrultusunda; simiilasyon uygulamalari, sanal gerceklik gozliigii ile
desteklenen sanal gerceklik (VR) sistemleri, artirilmis gerceklik (AR) teknolojileri, mobil
ogrenme araglar1 ve yapay zeka destekli sistemlerin hemsirelik egitiminde etkin sekilde
kullanildig1 belirlenmistir. Ozellikle sanal gergeklik gozliikleri ile olusturulan ii¢ boyutlu ve
etkilesimli klinik ortamlarin, 6grencilerin psikomotor becerilerini gelistirdigi, klinik karar
verme slire¢lerini destekledigi ve 6grenmenin kaliciligini artirdig1 saptanmustir.

Hemsirelik egitiminde teknolojik yontemlerin kullanimi, hasta bakim kalitesinin artirtlmasinda
onemli katkilar saglamaktadir. Bu dogrultuda, egitim programlarinin sanal gerceklik gibi

yenilikgi teknolojilerle desteklenmesi Onerilmektedir.

Anahtar Kelimeler: Hemsirelik egitimi, hasta bakimi, teknoloji, sanal gergeklik, simiilasyon, yapay zeka
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ABSTRACT

Chronic disease management in primary care relies on supporting individuals' self-care abilities
and promoting sustainable lifestyle changes. Mobile health (mHealth) applications have
become an integral tool in this process. However, “digital divide” remains a significant barrier,
particularly for older adults who carry the highest chronic disease burden. Public health nurses
play a critical role in education, monitoring, and counseling, yet there is a need for evidence-
based evaluation tools that integrate these roles into digital platforms, while also being age-
friendly and culturally appropriate.

This study aimed to evaluate commonly used mobile applications for diabetes and hypertension
management in terms of nursing care standards and age-friendly design criteria and to develop
an evidence-based Digital Health Application Selection Guide for primary care nurses. A
descriptive qualitative content analysis was conducted. The sample included 15 highly
downloaded Turkish-language applications from Google Play and App Store with a rating
above 4.0. Data were collected using the Public Health Nursing Application Evaluation Matrix
(PHN-AEM), developed based on nursing care standards (NIC/NOC), literature, and Age-
Friendly Design Principles. The matrix evaluated health education, cultural sensitivity, geriatric
accessibility, and integration with national health systems using a 0-1-2 scoring system.

Preliminary analysis indicated that while applications performed well in technical data tracking,
they were insufficient in delivering evidence-based health education, age-friendly accessibility,
and culturally adapted content. Simplified menus and modules reflecting local dietary habits
were particularly limited for older users.

This study highlights the importance of public health nurses’ role in guiding patients toward
safe, accessible, and evidence-based digital health applications. The PHN-AEM and resulting
guide are expected to improve care quality, reduce digital barriers, and enhance self-efficacy
among older adults in chronic disease management.

Keywords: Primary care, Digital health, Public health nursing, Content analysis, Age-friendly design
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ABSTRACT

Early mobilization after cardiac surgery is a crucial component of nursing care, offering
numerous benefits such as reduced hospital and intensive care unit stays, increased functional
capacity, and reduced complications.

This bibliometric analysis was conducted to identify and visualize trends related to mobilization
after cardiac surgery over a 10-year period from 2016 to 2026.

Data were collected from the Web of Science database between February and March 2026 and
analyzed using the VOSviewer program. Changes in the number of published articles over the
years, author, country, and institution analysis, citation analysis, country, institution, and author
collaboration analysis, journal and author co-citation analysis, and keyword analysis were
evaluated.

In the field of post-cardiac mobilization, 145 studies published between 2016 and 2026 included
contributions from 243 authors from 5 countries and 12 institutions. “Critical Care Nurses” was
identified as the journal with the most articles on the subject, while “Cochrane Database of
Systematic Reviews” was the most cited journal. The top three countries supporting the
published studies were Japan, the USA, and Tirkiye. The top five most frequently used
keywords in the published studies were “cardiac surgery,” “early ambulation,” “cardiac
rehabilitation,” “pain,” and “early mobilization.”

bR AN 1Y

This bibliometric analysis reveals an increased interest in studies on post-cardiac mobilization
in recent years. Meta-analyses and systematic reviews are primary sources in this field.
Enhanced recovery after surgery protocols, early mobilization, and cognitive and functional
impairment in cardiac surgery patients are the most frequently researched topics in
mobilization-related studies. The analysis shows that while there is a high number of
publications in nursing journals, the number of citations to nursing journals is lower. Increasing

citations to nursing journals is recommended.
Keywords: Bibliometrics, nursing, cardiac surgery, mobilization, data visualization.
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ABSTRACT

This study presents a critical analytical vision regarding the future of education in the
Developing World under the umbrella of Artificial Intelligence (Al), examining the ongoing
dialectic between digital transformation aspirations and the constraints of socio-economic
reality. The research concludes that Digital Sustainability is not merely technical continuity;
rather, it is the educational system's capacity to "localize" technology and transform it into a
sovereign asset that serves inclusivity and epistemic justice (SDG4). The added value of this
research lies in its revelation that barriers to inclusion in developing societies transcend the
"material divide" to include "algorithmic dependency" and "financial fragility," both of which
threaten educational sovereignty. To address this dilemma, the study proposes a strategic
roadmap based on the adoption of open-source solutions, the activation of ethical governance
frameworks for data protection, and the innovation of participatory financing models. These
measures ensure that technology remains a tool for empowerment rather than a mechanism for
exclusion. The study concludes that the essence of sustainability lies in the "humanization of
digitalization"—positioning the human as the driver and overseer of the machine—to guarantee
equitable education that transitions all learners toward a knowledge society without dependency
or marginalization.

Keywords:Digital Sustainabilit, Educational Inclusion, Technological Sovereignty, Knowledge society.
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ABSTRACT

The common occurrence of anaemia complicates the treatment of patients with CKD (chronic kidney disease).
There are two contributing factors to high hepcidin levels resulting in increased anaemia in patients with renal
impairment; decreased clearance of the hormone from the kidney and increased production through chronic
activation of the immune system by interleukin-6. High hepcidin levels lead to the internalisation of the iron
transporter ferroportin and as such prevent both iron absorption from the intestines and iron recycling from the
reticuloendothelial system, both of which are necessary for producing red blood cells. Iron Deficiency Anemia
(IDA) affects the response to Erythropoiesis Stimulating Agents (ESA) and there is still limited understanding of
the role of IDA on the laboratory parameters used in staging CKD in the Middle EastThe aims of this study are to
characterize the stage-stratified distribution of both hepcidin-25 and nine iron metabolism and inflammatory
biomarkers across all five CKD stages in comparison with healthy controls; quantify bivariate associations
between hepcidin-25, estimated glomerular filtration rate (eGFR), C-reactive protein (CRP), ferritin and co-
regulatory iron indices; and to assess the diagnostic accuracy of hepcidin-25 for discrimination of CKD from
healthy control subjects using receiver operating characteristic (ROC) analysis. A cross-sectional case-control
study was conducted from September 2025 to January 2026 at the Imam Sadiq Teaching Hospital Hemodialysis
Centre and hospital laboratory, Babylon Governorate, Iraq (Ethics Approval No. 336 dated 20 October 2025). One
hundred chronic kidney disease (CKD) patients were staged according to KDIGO 2022 criteria (Stage 1, n = 15;
Stage 2, n = 20; Stage 3, n = 30; Stage 4, n = 20; Stage 5, n = 15) and enrolled with age-and sex-matched healthy
controls (n = 50). Fasting venous blood samples were withdrawn for serum hepcidin-25 (ELISA), haemoglobin
(Hb), serum iron, total iron-binding capacity (TIBC), transferrin saturation (TSAT) and ferritin, CRP, sTfR and
eGFR (CKD-EPI 2021 equation) measurements. Comparisons between groups were performed using the Mann-
Whitney U test and Kruskal-Wallis H test with Dunn's post-hoc analysis. Inter-biomarker associations were
assessed using Spearman rank correlation. ROC curve analysis was performed to evaluate the optimal thresholds
derived from Youden-index for diagnostic performance. In CKD patients, serum levels of Hepcidin-25 were
significantly higher than those in healthy subjects (46.36 + 24.79 ng/mL vs. 8.41 + 5.07 ng/mL; p < 0.001) and
progressively increased with the progressing stages: Stage 1 (16.80 = 12.61 ng/mL), Stage II (29.73 + 14.54
ng/mL), Stage III (46.57 + 15.25 ng/mL), stage IV (65.22+14.97ng /m L) and stage V(72.51+23.29ng /m L). Post-
hoc Dunn's demonstrated that the elevation in inter-group p-values was statistically significant at Stage 2 relative
to healthy controls (z = —3.890; p < 0.001). All 9 biomarkers differed significantly between groups (Kruskal—
Wallis; all p < 0.001). Spearman correlation analysis showed that hepcidin-25 was most significantly associated
with CRP (p = 0.861, p < 0.001), ferritin (p = 0.780, p < 0.001) and eGFR (p = —0.756, p < 0.001), which in
combination represent the inflammation-related transcriptional upregulation of hepcidin as well as impaired renal
clearance being the dual underlying mechanisms of hepcidin accumulation [5]. The classic microcytic and
hypochromic pattern of functional iron deficiency was confirmed by progressive increases in serum ferritin (50.33
to 390.15 ng/mL), differences in serum iron (88.08 to 41.05 pg/dL) with TIBC (318.50 to 184.22 ng/dL) and TSAT
(27.70 to 10.52%) across stages. ROC analysis showed that hepcidin-25 had an excellent AUC 0.939 (95% CI:
0.903-0.975), the optimal threshold Y = 18-01 ng/mL with sensitivity, specificity, PPV and NPV of: 86-0%, 98-0%,

301



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

97-7% and 89-1%, respectively. Among the three biomarkers, CRP has the highest AUC (0.976), followed by
ferritin (0.933) and sTfR (0.930). Circulating hepcidin-25 is significantly and strongly elevated across all stages
of CKD in a stage-dependent manner, driven by both decreased renal clearance as well as IL-6-driven
inflammatory transcription. As hepcidin-25 was strongly correlated with eGFR and CRP, and co-segregated with
a classical functional iron deficiency profile it represents a new mechanistically informative biomarker in the work-
up of CKD-related anaemia. The high diagnostic performance of hepcidin-25 (AUC = 0.939; specificity = 98.0%)
supports its potential use in guiding therapeutic decisions in patients with ESA hyporesponsiveness risk. Hepcidin-
25 measurement, integrated with traditional iron indices — specifically ferritin and sTfR has the potential to
enhance identification of functional iron deficiency in CKD and provide targeted management.

Keywords: Hepcidin-25; Chronic kidney disease; Iron metabolism; Functional iron deficiency; Ferritin; eGFR;
C-reactive protein; Soluble transferrin receptor.

INTRODUCTION

Chronic kidney disease (CKD) is a chronic and progressive deterioration of kidney function.
The clinical definition of CKD includes: The presence of a reduction in the glomerular filtration
rate (GFR) for three months or longer, and usually associated with structural abnormalities in
the kidney parenchyma and GFR below 60 mL/min/1.73 m?. CKD is rapidly becoming one of
the most significant public health problems worldwide. The estimated prevalence of CKD
among adults is between 9—13%, which translates into a considerable burden for cardiovascular
disease (CVD), metabolic related disorders, and premature mortality(1). A global overview
illustrates the magnitude of the epidemiology of this disease, however in Iraq, particularly in
Babylon Governorate which is at the intersection of multiple environmental factors
(determinants), has extremely limited access to nephrologists or nephrology prevention
methods and has an extremely high prevalence of diabetes mellitus and hypertension (as leading

contributors to the development of CKD)(2).

Anaemia is one of the earliest and most clinically important complications of CKD, occurring
even at moderate degrees of renal impairment and increasingly symptomatic as kidney function
deteriorates towards end-stage renal disease (ESRD). The pathophysiology of anaemia related
to chronic kidney disease (CKD) is multifactorial, including shortages in erythropoietin
production and red blood cell longevity, a shortage of haematinics and aberrations in iron
homeostasis caused by chronic inflammation. Therapeutic options have traditionally focused
on erythropoiesis-stimulating agents (ESAs) and intravenous iron supplementation; however, a
considerable proportion of CKD patients are hyporesponsive to ESA therapy, a condition that
has progressively been ascribed to dysregulation of a master iron-regulatory hormone:

hepcidin-25(3,4).
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Hepcidin-25, a 25-amino acid peptide primarily secreted by hepatocyte cells, has emerged as
the main regulator of systemic iron homeostasis(5). Hepcidin-25 induces the internalisation and
lysosomal degradation of ferroportin and, through its interaction with FPNI that is expressed
on enterocytes, hepatocytes, and macrophages, inhibits duodenal iron absorption and
mobilisation of reticuloendothelial iron stores(6,7). Under healthy conditions, hepcidin
synthesis is exquisitely adjusted by erythropoietic demand, iron stores and hypoxic signals; this
regulatory axis is severely impaired in CKD(8,9). Renal clearance of hepcidin is markedly
reduced as GFR decreases and the chronic inflammatory environment that characterises CKD
— 1illustrated by increased interleukin-6 (IL-6) and C-reactive protein (CRP) levels —
stimulates upregulation of hepcidin gene transcription through the IL-6/STAT3 signalling
pathway. The resulting pathological hyperhepcidinemia traps iron within cellular stores, thus
making it functionally unavailable for erythropoiesis, despite frequently normal or increased

concentrations of ferritin — a condition referred to as functional iron deficiency(10,11).

The clinical consequence of hepcidin excess in CKD is an iron metabolic profile defined by
paradoxically increased ferritin levels, an increasingly reduced serum pool of transferrin-bound
iron, and decreased transferrin saturation (TSAT) and total iron-binding capacity (TIBC), along
with increasing plasma concentrations of sSTfR a sensitive biomarker unique to iron-restricted
erythropoiesis(12). These biomarkers together characterize the progression of iron
sequestration in CKD as it progresses from early (Stages 1-2) to late (Stages 3—5) stages(13).
While mechanistic insights are now increasing, longitudinal and cross-sectional data
characterising the stage-specific patterns of hepcidin-25 and concomitant iron parameters in

Middle Eastern CKD populations remain scarce.

Although previous studies have shown that hepcidin-25 levels are elevated in CKD(14,15),
many of these reports were limited to Stage 5 dialysis patients, lacked healthy control groups
or did not systematically assess the whole spectrum of iron metabolism biomarkers at all stages
of CKD simultaneously. In addition, the independent diagnostic utility of hepcidin-25 evaluated
by receiver operating characteristic (ROC) analysis and relative to known markers such as CRP,

ferritin and sTfR has not been thoroughly characterised in Iraqi patients with CKD(16).

For this research, we looked at how stage of CKD patients relates with nine iron metabolism
biomarkers (including hepcidin-25) at the Imam Sadiq Hemodialysis Center in Babylon to gain

insight into their diagnostic properties, determine their strength and direction of associations
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with eGFR and other co-regulatory biomarkers through non parametric statistical methods, and
compare hepcidin-25 against CRP, ferritin and sTfR using ROC curve analysis to help
understand CKD patients and healthy controls in terms of diagnosing and developing a
treatment strategy for both groups. Finally, we linked these data with other hepcidin
biology/pathophysiology studies and provided evidence for future hypothesis generating
studies which can support the rational use of hepcidin as a potential diagnostic and therapeutic

target in nephrology.
MATERIALS AND METHODS

Study Design and Setting

Between September 2025 and January 2026, an observational case-control research project was
performed in the Hemodialysis Units at both the Imam Sadiq Hospital and the Cancer Institute
of Al Hillah (which is located within the Babylon Governorate in Iraq) using data that was
collected in this center during that time period. The study protocol received ethical review board
approval (Reference number - 336, 20 October 2025). Written consent in accordance with the
Declaration of Helsinki for all participating subjects was received prior to doing the research

trial.

Study Population
One hundred patients have been diagnosed with CKD, and 50 healthy individuals as controls:

A total of 150 participants. Diagnosis and staging of CKD were defined according to Kidney
Disease: Improving Global Outcomes (KDIGO) 2022 guidelines, based on eGFR calculated by
the CKD-EPI creatinine equation. The patients were classified as follows: Stage 1 (eGFR > 90
and evidence of kidney damage, n = 15), Stage 2 (¢GFR 60-89, n =20), Stage 3 (eGFR 30-59,
n = 30), Stage 4 (eGFR 15-29, n = 20) and Stage 5 (¢GFR < 15 and maintenance haemodialysis
patients; n = 15).

Inclusion criteria for CKD patients included: confirmed diagnosis of CKD with recorded
duration of disease (at least three months), age within the range between 18 and 75 years, and
haemodynamic stability at recruitment. Patients with acute kidney injury, active haematological
malignancy, hereditary haemochromatosis, known liver cirrhosis or chronic hepatitis were
excluded from the study along with those with an acute infectious illness in the previous four
weeks and who had received iron supplementation or blood transfusion within eight weeks prior

to study entry. Patients wherein pregnancy or lactation was observed were also excluded. We
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recruited healthy controls from those attending the hospital for routine health screening and
with no chronic systemic illness, had values of eGFR 60 mL/min/1.73 m? or greater and normal

inflammatory markers.
Laboratory Procedures

Sample Collection

Venous blood samples (10 mL) were obtained via antecubital venepuncture using standard
aseptic technique after a minimum overnight fast (minimum eight hours) from all participants.
Samples were split into EDTA-anticoagulated tubes for full blood count, clot activator tubes for
biochemical analyses and no anticoagulant tubes for serum separation. Serum was separated by
centrifugation at 2000 x g for 10 minutes at room temperature and frozen at —80°C until batch

analysis to minimise freeze-thaw variation.

Biochemical and Haematological Assays

Cyanmethhaemoglobin method in an automated haematology analyser (Sysmex XN-1000,
Sysmex Corporation, Japan) was used to determine the haemoglobin (Hb) concentration. Serum
iron, TIBC and TSAT were determined using colorimetric methods on an automated Beckman
Coulter AU480 biochemistry analyser (Beckman Coulter, USA). Ferritin was measured by two-
site immunoenzymometric assay (IEMA) on a Roche Cobas e 411 analyser (Roche Diagnostics,
Germany). High-sensitivity immunoturbidimetric assay was used to measure C-reactive

protein.

Serum hepcidin-25 concentration was measured using the commercial human hepcidin-25
ELISA kit (DRG International Inc., USA, according to the manufacturer's instructions. The
intra-assay and inter-assay coefficients of variation were less than 8% and 10%, respectively, at
a range of assays from 0.05-20 ng/mL. In cases where the concentration was above the linear
range of the assay, all samples were diluted with assay diluent and re-analyzed; final values
were corrected for dilution factor. Soluble transferrin receptor (sTfR) was assessed by
immunoturbidimetry in Roche Cobas platform. Estimated GFR was calculated using the CKD-

EPI 2021 creatinine equation from serum creatinine values.

Statistical Analysis

Statistical analyses were done by using SPSS (version 28), with a = 0.05 denoting significance.

Shapiro-Wilk test was used for normality assessment of continuous variables. Due to the non-
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normal distribution noted for most biomarkers, all analyses were performed using non-
parametric methods. Continuous data are presented as either mean + standard deviation (SD)
or median with interquartile range (IQR) when appropriate. Comparison between CKD patients
and healthy controls was carried out with Mann-Whitney U test. Differences between CKD
stages were determined by the Kruskal-Wallis H test and Dunn's post-hoc comparison with

Bonferroni correction for pairwise comparison.

Bivariate associations between biomarkers were evaluated by Spearman's rank correlation
coefficient (rho, p), resulting matrix was presented as a colour-coded heatmap for visual
interpretation. Constructing receiver operating characteristic (ROC) curves and calculating area
under the curve (AUC) with 95% confidence intervals were used to evaluate diagnostic
accuracy of each key biomarker for CKD diagnosis. The best diagnostic threshold was
determined by maximising the Youden index (sensitivity + specificity — 1). The positive
predictive value (PPV) and negative predictive value (NPV) were also calculated at the optimal

threshold.

RESULTS

Demographic and Clinical Characteristics

In total, 150 individuals participated in this research; of these, 100 were diagnosed with chronic
kidney disease (CKD) (average eGFR = 46.83 + 29.11 ml/min/1.73m2) and 50 were healthy
individuals (average eGFR =99.44 + 11.60 ml/min/1.73m2). There were statistically significant
differences in the mean haemoglobin level between CKD and healthy individuals (10.33 + 1.88
gm/dl versus 13.34 £+ 1.31 gm/dl); therefore, this finding confirms that the prevalence of
anaemia associated with CKD is very high in this group of individuals. The CKD patients were
at varying stages of the disease, as follows: Stage 1 (n=15), Stage 2 (n=20), Stage 3 (n=30),
Stage 4 (n=20), Stage 5 (n=15). Statistically significant differences (p < 0.001 for all nine
markers examined) were shown by Kruskal-Wallis analysis among all groups studied (CKD
patients and healthy controls). This supports the validity of the analytical approach to CKD

patients, that is a stage-specific analysis.
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Table 1. Descriptive Statistics (Mean = SD) of Iron Metabolism and Inflammatory Biomarkers
Across CKD Stages and Healthy Controls

Biomarker Control [Stage 1 (nStage 2Stage 3Stage 4/Stage Sp-value
(Units) (m=50) =15) m=20) (n=30) (n=20) (n=15)
eGFR 99.44  +92.65 +69.29 +45.04 2141 +8.55  £<0.001

(mL/min/1.73m?) 11.60 12.03 11.97 8.46 4.41 3.34

Haemoglobin (1334 +11.66 11.60 +£10.78 +£9.28  +7.81 +<0.001
(g/dL) 1.31 1.18 1.13 1.41 1.42 1.42

Serum Iron[88.08  +£72.20 7337 +£56.88 +46.97 +41.05 +<0.001
(ng/dL) 22.28 21.89 19.85 16.96 22.29 19.46

TIBC (ng/dL) [318.50 +£310.16 +269.25 +247.84 +204.06 +184.22 +<0.001
46.44 38.71 31.54 35.64 39.58 39.52

Ferritin (ng/mL)50.33  +103.01 +173.87 £209.62 +333.74 +390.15 +<0.001
29.97 61.50 86.40 72.96 87.81 133.31

H_

H_

TSAT (%) 27.70  419.11 +17.39 41339 £12.00 £10.52 £<0.001
7.14 9.64 4.79 5.85 6.67 5.32

Hepcidin-25 8.41 +16.80 +29.73  +46.57 £65.22 £72.51 £<0.001

(ng/mL) 5.07 12.61 14.54 15.25 14.97 23.29

CRP (mg/L) 0.59 +H2.97+1.894.72  £9.23  H13.98 #19.47 +<0.001
0.46 2.51 3.94 4.27 6.88

sTTR (mg/L) 1.23 H1.70 £0.512.55 +2.95  £3.67 471 +<0.001
0.51 0.74 0.87 0.72 1.12

All values are expressed as mean + SD. Statistical significance was determined by Kruskal-Wallis H test. eGFR,
estimated glomerular filtration rate; TIBC, total iron-binding capacity; TSAT, transferrin saturation; CRP, C-
reactive protein; sTfR, soluble transferrin receptor. *** p < 0.001.

Comparison of CKD Patients and Healthy Controls

Using the Mann-Whitney U test, we compared the CKD group (n=100) to the healthy control
group (n=50) on the measured biomarkers, and there were significant differences in all of the
biomarkers (see Table 2). The CKD patients had significantly higher concentrations of
hepcidin-25 (46.36 £ 24.79 ng/mL vs. 8.41 £ 5.07 ng/mL; p <0.001), ferritin (238.38 + 129.29
ng/mL vs. 50.33 + 29.97 ng/mL; p < 0.001), CRP (9.87 £ 6.82 mg/L vs. 0.59 + 0.46 mg/L; p <
0.001), and sTfR (3.09 + 1.21 mg/L vs. 1.23 + 0.51 mg/L; p < 0.001), indicating the presence
of systemic inflammation as well as iron loading. In contrast to the CKD patients, the serum
iron (58.12 £ 22.88 vs. 88.08 = 22.28 pg/dL; p < 0.001), total iron binding capacity (TIBC;
243.17 £54.37 vs. 318.50 £46.44 png/dL; p <0.001), transferrin saturation (TSAT; 14.34 = 7.00
vs. 27.70 £ 7.14%; p <0.001), hemoglobin (Hb; 10.33 + 1.88 vs. 13.34 £ 1.31 g/dL; p <0.001)
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and estimated glomerular filtration rate (¢GFR) were significantly lower than in the patients
with chronic kidney disease (CKD) as would be expected for the pathophysiology of iron
deficient erythropoiesis in patients with CKD.

Table 2. Mann-Whitney U Test Comparison of Biomarker Concentrations Between CKD
Patients and Healthy Controls

Biomarker CKD PatientsHealthy  Controls|U Statistic p-value
(Units) (n=100) (n=50)

eGFR 46.83 +29.11 99.44 + 11.60 245.5 <0.001
(mL/min/1.73m?)

Haemoglobin 10.33 +1.88 13.34+1.31 673.0 <0.001
(g/dL)

Serum Iron58.12 + 22.88 88.08 £22.28 1624.5 <0.001
(ng/dL)

TIBC (ng/dL) 243.17+54.37 [318.50 £46.44 905.0 <0.001
Ferritin (ng/mL) 238.38 + 129.29 |50.33 +29.97 534.0 <0.001
TSAT (%) 14.34 £ 7.00 27.70 £7.14 862.5 <0.001
Hepcidin-25 46.36 +24.79 8.41 £5.07 238.0 <0.001
(ng/mL)

CRP (mg/L) 9.87+6.82 0.59 + 0.46 149.5 <0.001
sTTR (mg/L) 3.09+1.21 1.23 £0.51 802.5 <0.001

Data expressed as mean + SD. Significance assessed by two-tailed Mann-Whitney U test. All comparisons p <
0.001. Abbreviations as in Table 1.

Box plots were generated to demonstrate the distribution of six main biomarkers in all CKD
stages and controls (Figure 1). Distributions clearly illustrate how markers diverge in directional
fashion with progressive disease stage: hepcidin-25, ferritin, CRP and sTfR increase stepwise
toward higher values; eGFR, Hb at baseline, serum iron, TIBC and TSAT decrease stepwise to
lower values. This graphical outline emphasizes the clinical and biological vagueness of this

dataset.
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Figure 1. Box-and-whisker plots illustrating the distribution of hepcidin-25, eGFR, haemoglobin,
ferritin, CRP, and sTfR across CKD stages (Stage 1-5) and healthy controls (Ctrl). Data presented as
median with interquartile range; individual outliers are shown as open circles. Ctrl = Control; SI-S5 =
CKD Stages 1-5.

Stage-Stratified Elevation of Hepcidin-25

Hepcidin-25 stage-specific distribution is shown in Table 3 and Figure 2. There was a
progressive and clinically relevant increase in hepcidin-25 with worsening CKD stage.
Meanwhile, the mean hepcidin-25 concentration increased in healthy control group (8.41 +5.07
ng/mL), Stage 1 (16.80 = 12.61 ng/mL), Stage 2 (29.73 £+ 14.54 ng/mL), stage Stage 3(46.57 =+
15.25 ng/mL), Stage 4 (65.22 £ 14.97 ng/mL) and stage Stage5(72.51 £23.29ng /m
L)respectively.. Overall Kruskal-Wallis test showed highly significant differences between
groups (p <0.001).

Table 3. Stage-Stratified Hepcidin-25 Levels with Concomitant Iron Parameters and
Inflammatory Markers

CKD Stage n Mean = SDMedian IQR (ng/mL) [Ferritin CRP (mg/L)
(ng/mL) (ng/mL) (ng/mL)

Control 508.41 +£5.07 |6.88 492 -11.24 |50.33+29.97 0.59+0.46

Stage 1 15(16.80 = 12.61 [12.71 5.00-26.77 [103.01 £61.50 [2.97 +1.89

Stage 2 20129.73 + 14.54 [27.68 21.38 —39.88 {173.87 £86.40 4.72+2.51
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Stage 3 30146.57 £ 15.25 46.45 38.97 —54.80 209.62 £ 72.96 (9.23 +3.94
Stage 4 20/65.22 + 14.97 |67.52 59.83 —73.70 333.74 £ 87.81 |13.98 £4.27
Stage S 15(72.51 +£23.29 {72.02 54.70 — 89.64 (390.15 £ 133.31 |19.47 + 6.88

Hepcidin-25 values are presented as mean = SD, median, and interquartile range (IQR). Ferritin
and CRP values are mean + SD. The Kruskal-Wallis test confirmed global statistical
significance (p < 0.001) for all parameters.
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Figure 2. Mean + SD concentrations of hepcidin-25 across CKD stages and healthy controls. Data labels
indicate group sample sizes. Significance brackets are shown for pairwise comparisons relative to
healthy controls; *** p < 0.001. The overlaid line graph illustrates the progressive linear trend of
hepcidin elevation with advancing CKD stage.

A Dunn's post-hoc analysis using Bonferroni correction was conducted for inter-stage
comparison (Table 6). Hepcidin-25 was first significantly elevated compared to healthy controls
at Stage 2 (z = —3.890, p < 0.001). The differences between Stage 1 and Stage 2 were not
statistically significant (p = 0.080), indicating that the switch to hepcidin excess with
haemodynamic significance takes place mainly from Stage 3 onwards. A borderline difference
was noted in pairwise comparisons between Stages 3 and 4 (p = 0.058) and Stages 3 and 5 (p =
0.053), suggesting that, while numerical elevations remain, hepcidin increase is plateaued at
advanced-stage CKD consistent with a ceiling effect represented by maximal renal hepcidin

retention.
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Spearman Correlation Analysis

Within the CKD patient cohort (n = 100), Spearman rank correlation analysis between the nine
biomarkers was conducted. The resulting correlation matrix is shown in Table 4 and illustrated
as a heatmap in Figure 3. Hepcidin-25 had the strongest positive correlations with CRP (p =
0.861, p < 0.001) and ferritin (p = 0.780, p < 0.001), and the strongest negative correlations
with eGFR (p = —0.756, p < 0.001) and TIBC (p = —0.635, p < 0.001). The strong inverse
association between hepcidin-25 and eGFR mechanistically connects functional derangements
in renal clearance of hepcidin with the progressive accumulation of this hormone as kidney

function declines.

Table 4. Spearman Rank Correlation Matrix for Iron Metabolism and Inflammatory Biomarkers
in CKD Patients (n = 100)

eGFR [Hb Ser.Fe TIBC |Ferritin TSAT |Hepc-25|CRP sTfR

eGFR |— 0.664%%*|0.528%**|0,737%**- 0.385%*%| - -
0.734 %% 0.756%%*(0.789%%*|0.710%**

Hb 0.664%** — 0.284** 10.639%**- 0.278** |- - -
0.612%** 0.572%%%(.604%**(0.458%**

Ser. Fe |0.528%**(0.284** | — 0.324%%*- 0.237* |- - -
0.348%** 0.370%***0.376%**0.444***

TIBC |0.737%*%0.639%*%(.324%**_— 0.210* |-

0.643%** 0.635%**(0.611*%*|0.554%**

Ferritin — -0.271%%|0.780%***|0.727*#*|(0.559%**

0.734%%*(0.612%%*|0.348%**|0.643***

TSAT [0.385%*%0.278** 10.237* 10.210* |-0.271%**|— -0.206* [-0.248* |-
0.315%%*

Hepc- |- - - - 0.780%**-0.206* |— 0.861*%*|0.540%**

25 0.756%**0.572%**(0.370%**(0.635%**

CRP |- - - - 0.727**%-0.248* |0.861***— 0.580%**
0.789*%*/0.604***|0.376%**0.611 ***

sTIR |- - - - 0.559%#*- 0.540%%*/0.580%**—
0.710%*%/0.458%**/(0.444%**(, 554 *** 0.315%**

Values represent Spearman's rho (p). Significance levels: * p <0.05; ** p <0.01; *** p <0.001.
Negative values (red) indicate inverse correlations; positive values (blue) indicate direct
correlations. Hepc-25 = Hepcidin-25; Ser. Fe = Serum Iron; ns = not shown (diagonal).
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Figure 3. Spearman rank correlation heatmap for all nine biomarkers in the CKD patient group (n =
100). Colour intensity reflects the magnitude of rho; red denotes negative and blue denotes positive
correlations. Correlation coefficients are annotated within each cell. Only the lower triangle is displayed
to avoid redundancy.

sT'fR

The high positive correlation of hepcidin-25 and CRP (p = 0.861) points out inflammation as
the main determinant of excess hepcidin in CKD [23-26]. Hepcidin-25 also correlated
positively with sTfR (p = 0.540, p < 0.001), supporting a hepcidin-induced blockade of
ferroportin-mediated iron access to erythropoiesis in the state of iron-restricted erythropoiesis.
CRP was found to have the highest inverse correlation with eGFR (p = —0.789), indicating that
inflammatory markers increase as renal function worsens. These interconnections are also
reflected in Figure 5, which shows scatter plots of hepcidin-25 v eGFR and CRP with colour-
coded CKD stage stratifications.
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Figure 5. Scatter plots illustrating the relationship between hepcidin-25 and (A) eGFR and (B)
CRP in the CKD patient cohort (n = 100). Data points are colour-coded by CKD stage.
Regression lines (dashed) reflect the linear trend across the full patient cohort. Spearman

correlation coefficients (p) and p-values are displayed within each panel.

Dunn Post-Hoc Analysis for Hepcidin-25

Table 6. Dunn's Post-Hoc Pairwise Comparison of Hepcidin-25 Concentrations Across CKD
Stages (Bonferroni-Corrected)

Group 1 |Group 2 [z-score [p-value Significance|Interpretation
(adjusted)

Control [Stagel |-1.462 10.144 ns INo significant difference

Control [Stage2 |-3.890 [<0.001 ok Significantly elevated

Control |Stage3 [-6.946 [<0.001 ko Highly elevated

Control |Stage4 [-8.131 [<0.001 i Markedly elevated

Control (Stage5 |-7.529 [<0.001 ok Markedly elevated

Stage1 |Stage2 |-1.753 0.080 ns INo significant difference

Stage1 |Stage3 [-3.712 [<0.001 ok Significantly elevated

Stage1 [Stage4 |-5.038 [<0.001 ok Highly elevated

Stage1 |StageS [-4.892 [<0.001 *okk Highly elevated

Stage2 |Stage3 |-1.992 0.046 * Moderately elevated

Stage2 |Stage4 [-3.548 [<0.001 ok Significantly elevated
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Stage2 |StageS |-3.476 (<0.001 ok Significantly elevated
Stage3 [Stage4 |-1.895 [0.058 ns Borderline (not significant)
Stage3 |StageS |-1.936 (0.053 ns Borderline (not significant)
Stage4 |Stage5 |-0.191 0.849 ns INo significant difference

z-scores and p-values are from Dunn's test following significant Kruskal-Wallis result. Significance codes: *** p
<0.001; * p <0.05; ns = not significant. Negative z-scores indicate that the first group has lower hepcidin-25 than
the second group.

Diagnostic Performance: ROC Curve Analysis

ROC (Receiver Operating Characteristic) analysis was conducted to assess the diagnostic
usefulness of hepcidin-25 in identifying patients with CKD from healthy subjects and compared
to CRP, ferritin, and sTfR (See Table 5 and Figure 4). Of the above-mentioned biomarkers, CRP
was shown to have the highest AUC (AUC = 0.976; 95% CI: 0.954 - 0.998) indicating that it is
reflecting an overall increase in inflammation due to CKD. The AUC of hepcidin-25 was 0.939
(95% CI: 0.903 - 0.975), which indicates that it is performing very well as a diagnostic indicator
with a best threshold value of hepcidin-25 of 18.01 ng/mL (sensitivity = 86.0%; specificity =
98.0%; PPV =97.7%; NPV = 89.1%). Ferritin (AUC = 0.933) and sTfR (AUC = 0.930) had a

very similar ability to discriminate as well.

Table 5. Receiver Operating Characteristic (ROC) Analysis for Key Biomarkers in the
Discrimination of CKD Patients from Healthy Controls

Biomarker AUC (95% CI)Optimal Sensitivity  [Specificity PPV NPV (%)
Threshold (%) (%) (%)

Hepcidin- [0.939 (0.903—>18.01 ng/mL  |86.0 98.0 97.7 89.1

25 (ng/mL) |0.975)

CRP (mg/L)0.976 (0.954—>1.97 mg/L 93.0 100.0 100.0 [94.3
0.998)

Ferritin 0.933 (0.893—>110.33 ng/mL |88.0 98.0 97.8 90.7

(ng/mL) 0.973)

sTfR 0.930 (0.890—>2.27 mg/L 77.0 98.0 97.5 82.4

(mg/L) 0.970)

AUC, area under the ROC curve. 95% ClIs estimated by bootstrapping (1,000 iterations).
Optimal threshold determined by maximisation of the Youden index (sensitivity + specificity —
1). PPV, positive predictive value; NPV, negative predictive value.
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Figure 4. Receiver operating characteristic (ROC) curves for hepcidin-25, CRP, ferritin, and
sTfR in discriminating CKD patients (n = 100) from healthy controls (n = 50). The diagonal
dashed line represents chance performance (AUC = 0.50). AUC values with 95% confidence
intervals are provided in the legend. All biomarkers demonstrated excellent discriminatory
performance (AUC > 0.90).

DISCUSSION

Hepcidin-25 Elevation and the Renal Clearance Mechanism
The Inflammatory Axis: CRP as the Principal Driver of Hepcidin Transcription

A strong positive correlation exists between hepcidin-25 and CRP (p = 0.861, p <0.001). This
observation from this study demonstrates that the major transcriptional stimulus for the
synthesis of hepcidin in CKD is inflammation. The IL-6/JAK2/STAT3 signaling pathway
activates BMP responsive elements in the hepatic promoter of hepcidin, which is continually
activated in CKD by a combination of multiple factors, including activation of immune cells by
uremic toxins, dysbiosis of the gastrointestinal tract, metabolic acidosis, and dysregulation of
adipokines(19,20). CRP is a reliable surrogate biomarker of the biological activity of IL-6(21).
Therefore, CRP in the present study strongly correlated with hepcidin-25, demonstrating the
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primary role of inflammation in maintaining hyperhepcidinemia in patients with CKD,

regardless of their degree of renal failure.

This result could have an effect on how we use therapies in a clinical setting. Current approaches
to treating chronic kidney disease - anaemia focus primarily on treating the issue of
erythropoetin not being produced enough or giving people iron supplements; however, they do
not look at the underlying problem of too much hepcidin in the body due to
inflammation(22,23). Since we have demonstrated a strong relationship between hepcidin and
CRP, this gives scientists a reason to continue research into developing anti-inflammatory
treatments (such as pentoxifylline, tocilizumab or other hepcidin-based treatments) that can be

used together with ESAs to help CKD patients with persistent anaemia(17,24).

Iron Metabolism Profile: Functional Iron Deficiency in CKD

In this group of patients, the results of the iron metabolic profile are typical of the functional
iron deficiency model(25,26). As chronic kidney disease advanced, the ferritin level increased
steadily (ranging from 50.33 £+ 29.97 ng/ml in the normal population to 390.15 + 133.31 ng/ml
in stage V), while serum iron (88.08 —41.05 pg/dL), total iron binding capacity (TIBC; 318.50
— 184.22 png/dL), and transferrin saturation (TSAT; 27.70 — 10.52%) decreased. This
relationship — where high iron stores coexist with low amounts of circulating iron — is the
physiologic hallmark of hepcidin-induced blockade of ferroportins which prevents the recycling
of iron via macrophages and iron absorption via enterocytes despite large stores of iron within
the reticuloendothelial system(27,28). The negative correlation between hepcidin-25 and TIBC
(p=-0.635, p <0.001) further illustrates this: when hepcidin inhibits iron release from storage,

more iron will bind to transferrin and TIBC will rise.

The correlation between hepcidin-25 and soluble transferrin receptor (sTfR) was positive
(p=0.540, p<0.001), which may help explain the mechanism of hepcidin action. Erythroid
precursor cells produce sTTR as they develop(29). When iron is limited, these precursors release
sTfR into circulation as evidence of the bone marrow requesting more iron than it can get(30).
In the current study cohort, sTfR concentrations increased with increasing chronic kidney
disease (CKD) stage, indicating that the erythroid precursors are becoming more iron-deprived
with each stage of CKD progression, despite an increase in ferritin stores. This supports the

hypothesis that the effects of hepcidin are mediated through the blockage of ferroportin. These
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findings add to the utility of measuring both ferritin and sTfR together as part of an evaluation

for anaemia related to CKD.

Diagnostic Utility of Hepcidin-25

According to the ROC analysis, hepcidin-25 has an AUC of 0.939 for differentiating CKD
patients from normal controls with excellent diagnostic accuracy via conventional criteria. A
hepcidin-25 concentration of 18.01 ng/mL serves as the optimal threshold whereby any
hepcidin-25 level above this value is highly unlikely to be found in healthy subjects and
warrants clinical evaluation for renal iron dysregulation. Additionally, at this threshold, the PPV
of 97.7% is highly significant for clinical practice; this indicates that up to 97.7% of CKD
patients with a positive test at this threshold will be identified as having hepcidin dysregulation

due to their CKD status.

The AUC for CRP was found to be 0.975 in one study, demonstrating robust diagnostic
performance(31); however, due to its mechanism of action being that of an acute-phase, non-
specific reactant, this biomarker can be raised from many different disease states, including
infection and cancer, autoimmunity, among many others(32). On the other hand, hepcidin-25
has a true mechanistic relationship to iron metabolic disordering in CKD patients and thus
provides information about levels of impairment with ferropotin-mediated release of stored iron
which is not provided by CRP. This suggests that hepcidin-25's best use clinically would not be
as an independent diagnostic marker for CKD but more so as a biomarker used to monitor and
determine functional iron deficiency in patients who may be at risk of hyporesponsiveness to

ESAs.

Implications for Clinical Practice and Future Research

The outcomes of this research have multiple conclusions for the management of chronic kidney
disease in the context of Iraqi health care and beyond. First, the measurement of serum hepcidin-
25 routinely in combination with conventional iron markers could enhance the identification of
patients experiencing functional iron deficiency, but who will not likely respond to conventional
oral or intravenous iron supplementation. This would allow for more directed therapeutic
interventions. Second, given the strong correlation between hepcidin-25 and C reactive protein
(CRP), monitoring changes in CRP levels may provide a useful alternative to assist in assessing

hepcidin activity in places that do not have direct assays for hepcidin activity.
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It is important to consider the limitations of our study. First, this investigation was conducted
as a cross-sectional study and therefore cannot determine the causal directionality of the
increase in hepcidin-25 and the changes in the iron metabolism that were observed. Second, the
study did not genotype for variants of hemojuvelin or TMPRSS6, which are known to modulate
the transcription of hepcidin(33,34), thus creating methodological limitations to the study.
Third, our cohort of patients was recruited from a single tertiary centre and additional studies
will be needed to further assess whether our findings can be generalised to the primary care and
rural CKD populations in Iraq. If longitudinal studies can be conducted using repeated hepcidin-
25 measurements in conjunction with licexofied studies of ESA responsiveness, this will help

to enhance the understanding of the clinical use of hepcidin-25 in this population.
CONCLUSION

Data from this cross-sectional, case-control study provide compelling evidence that hepcidin-
25 represents a biologic and clinically relevant biomarker of iron dysregulation at all stages of
chronic kidney disease (CKD). In comparison to healthy subjects, hepcidin-25 concentrations
are significantly increased in CKD patients relative to healthy subjects; furthermore, hepcidin-
25 concentrations continue to have a monotonic, stage-dependent increase from Stage 1 through
5. In other words, hepcidin-25 concentration gradually increases in CKD patients as they
progress through each stage of CKD and exhibits statistically significant inter-group differences
at Stage 2; therefore, hepcidin-25 levels provide clinically important information that patients
develop pathological accumulation of hepcidin-25 and its downstream effects on iron

homeostasis well before reaching ESKD.

The accumulation of hepcidin-25 in chronic kidney disease (CKD) has two mechanistic bases:
one being the impaired clearance of peptides by the renal system, which is illustrated by an
inverse correlation with eGFR (-0.756) and an increase in transcriptional upregulation resulting
from inflammation, evidenced by a linear correlation with CRP (0.861). We have demonstrated
this dual mechanism with data obtained from this cohort. Additionally, the concurrent rise in
ferritin with decreasing serum concentrations of iron, transferrin-bound iron, transferrin
saturation, and the corresponding rise in soluble transferrin receptor (sTfR) all support that
hepcidin mediates functional iron deficiency by rendering iron unavailable for erythropoietic

function despite the presence of reticuloendothelial stores. This same pattern was consistently
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observed throughout all stages of CKD within this cohort; therefore, ferritin alone is not a valid

indicator of the need for iron replacement therapy within this population.

From a diagnostic point of view, hepcidin-25 was found to be very good for distinguishing
between patients with CKD and healthy control subjects (AUC = 0.939), while maintaining
high specificity (98.0%) at an optimal threshold of 18.01 ng/mL. Although CRP was the AUC
winner in this study, its lack of specificity limits its ability to clarify the pathophysiology of iron
dysregulation. Hepcidin-25 provides specific, functional information regarding the ferroportin-
mediated pathway for iron export, which traditional acute-phase reactants cannot provide. The
specificity (PPV 97.7%) of hepcidin-25 indicates that a level > 18 ng/mL can be used to indicate
CKD-related disruption of the iron axis, and may be useful for stratifying patients by risk for
ESA hyporesponsiveness prior to initiating or increasing dosages of erythropoiesis-stimulating

agents.

Overall, these study results suggest that hepcidin-25 can be used in addition to ferritin, TSAT,
and sTfR as part of a routine assessment for the diagnosis of anaemia associated with CKD,
rather than as a substitute for these other tests. Furthermore, the strong, independent association
between hepcidin-25 and CRP serves to strengthen the rationale for targeting the inflammatory
pathway as an adjunctive treatment strategy for patients with CKD-associated anaemia resistant
to erythropoietin therapy. Larger longitudinal studies of these patients will be needed to
determine both the predictive value and treatment implications of the associations identified in
this study using sequentially collected hepcidin-25, with erythropoietic response data and

possible genetic factors related to hepcidin regulation.
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ABSTRACT

Family Medicine is an academic and scientific discipline, with its own educational content,
research, evidence base and clinical activity, and a clinical specialty orientated to primary care.
WONCA, the World Organization of National Colleges, Academies, and Academic
Associations of General Practitioners/Family Physicians, short the World Organization of
Family Doctors, through its various committees and working groups is trying to improve the
quality of primary care throughout the world. The Family Medicine Tree published by WONCA
defines the competencies of the discipline. Under the heading "Specific problem-solving skills,"
it addresses topics such as assessment of non-specific symptoms, differential diagnosis, early
referral, and clinical prediction and experience. Chronic Lymphocytic Leukemia(CLL); is
characterized by an increase of mature neoplastic B lymphocytes in peripheral blood, bone
marrow and lymphoid tissues. Symptoms: Weight loss, fever, night sweats, anemia, bleeding,
frequent infections. Typical features; Malignant proliferation of mature B lymphocytes, most
common adult leukemia, mean diagnosis age: between 65—70, more common in males, rare in
young patients. Case Report: The patient, identified as Z.0., aged 46, presented to the family
medicine clinic on August 25, 2025, with complaints of fatigue, malaise, and weight loss. Other
systems examinations were unremarkable. Laboratory test results were evaluated as "Hgb: 6.4
g/dL, WBC: 89.3 x10%/uL".Referred to the hematology department due to suspected cancer.
Following further investigations at the hematology clinic, the patient was diagnosed with CLL
and treatment was initiated. Chronic lymphocytic leukemia is generally a disease of old age,
but it can also occur at younger ages. The possibility of malignancy should be kept in mind in
young patients presenting with non-specific symptoms such as fatigue and weight loss. This
study aims to highlight the clinical significance of maintaining a high index of suspicion for
malignancy in young patients presenting with non-specific symptoms, including fatigue and
weight loss.

Keywords: Chronic lymphocytic leukemia (CLL), fatigue, cancer, family physician
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ABSTRACT

This study aimed to analyse changes in spatial development in Poznan County. Such an analysis
makes it possible to assess development trends, land use transformations, and the effectiveness
of the spatial planning policy implemented in the area.

The municipalities of Poznan County were selected as the study area. To identify differences
between urban and rural areas, the municipalities were divided into towns and the rural parts of
urban—rural municipalities. Ultimately, the study included 11 towns (including the city of
Poznan) and 15 rural areas. The analysis covered the period from 2014 to 2023. This time frame
was determined by the availability of data from the Topographic Objects Database (BDOT)
while also providing an opportunity to identify changes over time. The research methodology
was based on descriptive statistical measures, which enabled the identification and assessment
of temporal changes. Particular attention was paid to changes in the spatial development
structure, with a special focus on built-up areas.

The analysed areas exhibited considerable variation in terms of spatial development. The
suburbanisation process significantly influenced changes in the built-up areas of the suburban
areas, with a stronger impact observed in rural areas. Population migration to areas surrounding
the city of Poznan contributed to changes in the structure of residential, commercial,
educational, and cultural development. For example, in 2023, compared with 2014, the area of
residential land in rural areas increased by an average of 36%, whereas the increase recorded in
towns was more than twice as small. Clear differences were also observed in educational
development. In rural areas, the land occupied by educational facilities increased by an average
of 3% of the total built-up area, while changes in towns were negligible.

Keywords: land use, small town, spatial development, suburbanization.
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ABSTRACT

This study aimed to adapt the Sexual Communication Scale to Turkish and to evaluate its

validity and reliability.

A methodological design was employed in this study, conducted between September and
December 2024, involving 241 participants. Data collection instruments included a
demographic information form and the Sexual Communication Scale. Construct validity was

examined through confirmatory factor analysis (CFA), and reliability

Reability was assessed via internal consistency measures. Confirmatory factor analysis revealed
that the Turkish version of the Sexual Communication Scale has a three-factor structure. Item
loadings ranged from .57 to .92. The model showed acceptable to good fit: y*/df =2.53; RMSEA
= .073; SRMR = .041; CFI = .96. Internal consistency was strong, with Cronbach's alpha
coefficients of .84 for the 'ease of personal contact' factor, .78 for the 'ease of mate contact'

factor, and .91 for the 'frequency of bidirectional contact' factor.

This study was conducted without the support of any public, commercial, or charitable funding
body. Accordingly, the Turkish version of the Sexual Communication Scale demonstrated

validity and reliability.

Keywords: sexuality, communication, attitude, validity, reliability

325



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

PSYCHOLOGICAL PRESSURES CAUSING SCHOOL DROPOUT
AMONG FEMALE SECONDARY SCHOOL STUDENTS IN LIGHT OF
SDG 4 (QUALITY EDUCATION)

Noor Ahmad RASIM!, Tariq AI-MUSAWI>*

"Ministry of Education, Al-Hilla Secondary School for Distinguished Girls, Babylon, Iraq.
2Scientific Affairs Department, Al-Mustagbal University, 51001, Babylon, Iraq
*Corresponding Author: Email: tariq.jwad@uomus.edu.iq,

ORCID ID: 0000-0001-9852-3122, SCOPUS ID: 39560893900.

ABSTRACT

The current research aims to identify the pressures causing school dropout among high school female students
through testing the following hypothesis: Recognizing the level of pressures leading to psychological dropout
among high school students. To achieve the research objectives and its hypothesis, the descriptive approach was
chosen. The current research population consists of female students in the advanced school located in Hillah, which
is affiliated with the General Directorate of Education in Babylon for the academic year (2025-2024), with a total
of (697) students. A pressure scale was used to collect data and was applied to a sample of 400 students. The data
was processed using several statistical methods, and the results showed that there were pressures among the sample
members. After applying the scale and extracting the results, the study concluded with several recommendations
and proposals.

Keywords: Pressures; School dropout; Female Students; SDG4; Education

INTRODUCTION

Interest in the concept of Stress began as early as the seventeenth century. Murray and
Kluckhohn clarified that stress represents the influential or fundamental determinants of
behavior within an environment. They defined it as a characteristic of an environmental or
personal object that either facilitates or hinders an individual's efforts to achieve a desired goal.
Furthermore, stress is linked to individuals or objects directly related to an individual’s attempts
to satisfy their needs; thus, "object stress" is the force inherent in an object that affects a person's

well-being in one way or another [1].

Similarly, McGrath views stress as an individual's perception of their inability to produce an
appropriate response to a situation or task. This perception is accompanied by negative
emotions such as anger, anxiety, depression, and withdrawal, in addition to physiological
changes—serving as an "alarm reaction" to the pressures the individual faces. School dropout

is considered one of the dangerous phenomena that has swept through Iraqi society recently. It
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is not a new phenomenon; while it existed previously, it has increased significantly for several
reasons. Whereas it was once prevalent in rural areas, it has now permeated urban centers. The
dropout phenomenon has become a primary cause of "educational wastage," posing a heavy
burden on the family, the school, and society in general. Stress is a significant factor driving
students in general—and female students in particular—to drop out of school to escape the
burden of these pressures. This is especially true when stressors are related to the curriculum
and the difficulty of academic subjects, combined with parental pressure for academic

excellence [2,3].

Psychological stress also threatens a student’s personality, resulting in a reluctance to perform
daily tasks normally, a perceived difficulty in achieving success or reaching previously set
goals, and a fear of the future. It further leads to diminished self-confidence, depression, and
various emotional problems that are difficult for the student to manage. The fundamental goal
of education is to provide opportunities to develop a student's abilities in line with their
potential. Educational institutions are among the most important organizations ensuring that
students are equipped with knowledge, capabilities, and skills. They also work to modify and
regulate behavior to prepare individuals capable of setting future goals, achieving them, and
overcoming challenges. The current research problem is crystallized by answering the

following question: "Does stress act as a cause for school dropout?" [4-7]

School dropout has become a widespread phenomenon driven by various educational, familial,
economic, social, and psychological factors. The consequences of this phenomenon are

negative and dangerous for the individual, the family, and society [8,9].

Many societies currently face the phenomenon of school dropouts, which exerts pressure on
both the school and the family, extending its impact to all sectors of society. Dropping out is
considered a contributing factor that pushes individuals toward acquiring incorrect behavioral
habits. Adolescence is one of the most difficult stages an individual experiences. Adolescents
exposed to psychological, social, and academic pressures often resort to "escape" (dropping
out) as a form of protection from these stressors [10]. This is supported by the previos studies,
which found that students resort to dropping out due to variables such as economic status and

parental maltreatment during adolescence [11,12]. Similarly, a study by Ergun and Demer
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(2017) titled "Adolescent School Dropout: Causes and Motives" indicated that school pressures

and parental treatment play a major role in school dropout [13].

Hence, the significance of the current research sample—female secondary school students—is
paramount. They represent one of the most vital segments of society requiring extensive
attention and care. Providing this group with adequate educational, social, and psychological
support is essential, as they are the future of the country and the cornerstone of its growth and

development [14,15].

The importance of the current research stems from the role of the school as the ideal
environment for individuals to receive education, upbringing, and vital scientific information.
It helps individuals develop their skills and capabilities while contributing significantly to

enhancing their mental health.

MATERIALS AND METHODS

Psychological Stress

In psychology, the concept of stress refers to situations in which an individual is under
emotional or physical strain. If these pressures persist, the individual experiences aversion and
a lack of acceptance of situations and events. This may lead to psychological and physical

disturbances, commonly known as psychosomatic disorders.

Adolescence is one of the developmental stages most characterized by psychological,
emotional, and mental changes; these shifts often predispose individuals to psychological stress.
Stress can be defined as a state of maladjustment with the environment and the self. It involves
an attempt to reduce this imbalance to avoid the accompanying emotional tension and maintain
a sense of self. According to American statistics, approximately 80% of individuals suffering
from psychological illnesses attribute them to stress, which negatively impacts their lives.
While stress is a universal experience, it varies from person to person. Because the sources of
stress are diverse, the methods individuals use to cope with them differ based on the source of
the pressure and the individual's personality traits. Some individuals tend toward withdrawal
and isolation, while others lean toward rebellion. Consequently, many adolescents’ express

rejection and anger regarding the demands placed upon them. These demands may cause such
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pressure that the adolescent resorts to negative behaviors, leading to extreme exhaustion,

deterioration of health, and psychological decline, often manifesting as aggression or rebellion

against the self and others [16,17].

The following are the factors Influencing the Intensity of Psychological Stress:

1.

Gender: Males and females are exposed to different stressors, affecting how they
perceive environmental stimuli based on the nature of their distinct personal
characteristics.

Age: Age influences sensitivity; adolescents are generally more affected by stressors
than adults.

Individual Differences: Everyone has unique traits that influence their perspective and
response to pressure. Differences in needs, values, and abilities affect how one perceives
stressful situations.

Level of Aspiration: An individual’s ambitions impact stress intensity. The higher the
level of aspiration to effect social change or personal achievement, the more susceptible

the individual may be to stress.

Types of Psychological Stress

Psychological stress is a complex human phenomenon that impacts various biological,

psychological, social, and economic spheres. These stressors include:

1.

Natural Environmental Stressors: These include atmospheric pressure, extreme
temperatures, overcrowded housing, and inadequate lighting, ventilation, or cooling.
Social Environmental Stressors: These encompass family disputes, cultural disparities,
high numbers of children or dependents, generational conflict, and differing attitudes or
inclinations.

Economic Stressors: A family’s poor economic status exerts significant pressure on an
individual, leading to feelings of helplessness and a sense of being different or less
valued than their peers.

School Stressors: These represent difficulties faced by students at various educational
stages, such as curriculum density, exams, disciplinary measures, school regulations,

peer pressure, and overcrowded classrooms.
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5. Other Stressors: These may stem from substance addiction, injuries, accidents,
disabilities, chronic illnesses, or dissatisfaction with one’s physical appearance.

6. Emotional Stressors: These are among the most prevalent and significant types affecting
humans; some refer to them as Psychosocial Stressors. Studies confirm that failed
emotional relationships, abandonment, and the inability to achieve personal hopes can

lead to severe psychological pressure [18].

Causes of Psychological Stress

These causes may relate to the genetic nature of certain individuals. Such factors lead to an
imbalance and the depletion of energy and strength, making it difficult to function at a desired
level. When we are ill, our bodies attempt to restore equilibrium; however, illness caused by

damage or harm to the body leaves insufficient energy to perform required tasks.

External Stressors and Selye’s General Adaptation Syndrome (GAS)

The external stressors that taken into consireation in this study are: Family pressures, School-
related pressures, Negative peer influence (bad companions), Economic pressures, and

Pressures related to personal factors.

From another side, Selye emphasizes that stress is a critical factor affecting health because it
weakens human functions. The unpleasant physical and emotional changes resulting from stress
lead to a set of symptoms he termed General Adaptation Syndrome (GAS). Continuous
exposure to psychological stress leads to systemic disturbances throughout the body across

three distinct stages:

1. Alarm Reaction Stage: This is the initial stage where the body displays specific changes
and responses upon the first exposure to a stressor. As a result, the body's resistance
decreases; if the stress is sufficiently severe, it may lead to death.

2. Resistance Stage: Occurs due to continuous exposure to the stressor. Physical signs
associated with the initial reaction may disappear as resistance increases, and the body
appears to return to a normal state. During this stage, the organism gains the ability to
adapt to the situation. However, this stage is critical for the development of "adaptation

symptoms" or Psychosomatic Disorders (e.g., asthma, hypertension). These occur when
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human capacity fails to resolve the situation through adaptive reactions. Continuous
exposure eventually shifts the individual to the exhaustion stage.

Exhaustion Stage: Also known as the depletion stage. If exposure to various stressors
continues for a long duration, the individual reaches a point where they can no longer
maintain resistance. Hormonal defenses collapse, body resistance drops significantly,

and various organ systems fail, leading the patient rapidly toward death.

Sources of Psychological Stress

Hall and Lindzey indicated that stress sources include a lack of family influence or family loss,

disasters, rejection, neglect, competition, aggression, dominance, coercion, and low self-

esteem. Furthermore, Margaret Lloyd emphasizes that daily life events—such as exams,

quarrels, and crises—serve as stressors. An individual’s perception of these as threats leads to

psychological, physical, or behavioral responses, which may be positive or negative.

Sources are categorized as follows:

1.

2.

Positive Psychological Stress (Eustress): These are stressors where the individual seeks
out beneficial aspects that serve as motivation toward work and achievement. This type
of stress is not negative if handled constructively; it helps enhance productivity,
creativity, vitality, optimism, and mental alertness.

Negative Stress (Distress): These are events that lead to feelings of misery, frustration,
and unhappiness, causing psychological imbalance.

The Role of Perception: Both positive and negative stress induce tension. The impact
depends entirely on the individual's coping style and their evaluation of the stressor as

either a beneficial challenge or a harmful disturbance [8].

Consequences of Psychological Stress

Psychological research indicates that stress results in both physiological and psychological

consequences, which can be clarified as follows:
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Physiological Effects

Physiological effects associated with stress manifest as chronic digestive disorders, respiratory
issues, hypertension, headaches, and the spread of skin diseases. It is also linked to goiter
(thyroid enlargement), diabetes, muscle spasms, rheumatoid arthritis, and eating disorders—
such as anorexia, bulimia, or obesity—as well as a tendency toward nausea and vomiting, heart

attacks, stomach ulcers, and elevated cholesterol levels.

Psychological research consistently indicates that stress results in a lack of clarity in individual
perception and a distorted self-conception. Stressed individuals often suffer from poor memory,
distractibility, and difficulty concentrating. They become more susceptible to psychological,
mental, and physical illnesses. Furthermore, recurrent severe stress leads to anger, fear, sadness,

feelings of depression, shame, and jealousy.

Psychological stress can also lead to developmental disturbances and a lack of self-confidence.
Generally, stress is associated with impaired performance, auditory confusion, hyperactivity,
self-loathing, a weak ego, identity crises, a tendency toward alienation, frequent somatic

complaints, and excessive lethargy.

Cognitive Behavioral Theory (CBT)

Cognitive Behavioral Theory is attributed to Aaron Beck, an American psychologist born in
1921. CBT is considered one of the most modern schools in psychology and psychotherapy.
Significant interest in this field emerged in the latter half of the 20th century following the

discovery of the role ideas play in directing human behavior and influencing well-being.

CBT integrates psychological and mental life, considering the thoughts individuals hold, their
attitudes toward their surroundings, and their emotional responses. It has proven its merit over
years of diagnosing and treating various psychological and behavioral disorders. The theory
posits that psychological illnesses, stress, and negative emotions result from conscious
processes caused by faulty learning and distorted reasoning based on incorrect or insufficient

information. This leads to difficulty distinguishing between fantasy and reality.

Beck argues that psychological problems stem primarily from individuals distorting and

falsifying reality based on faulty learning during developmental stages. CBT focuses on the
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cognitive domain to modify behavior and psychological adjustment specifically, and social

adjustment generally [19-22].

The Three-Dimensional View

CBT is because every individual holds thought, expectations, and assumptions about
themselves, others, and the world. This direct behavior and determines emotions. Problems
arise when these assumptions are negative or erroneous. CBT adopts a comprehensive "three-
dimensional" view that combines the cognitive, affective, and behavioral domains, which are

in constant interaction.

From this perspective, emotions are linked to the way individuals think and interpret situations.
The situation itself does not determine how one feels; rather, the emotional response is
determined by the perception of the situation. Beck described this through Cognitive Schemas.
Maladaptive schemas are those that individuals impose as "truths" about themselves and their

world; they resist change and cause life difficulties, such as job loss [6,7].

Automatic Thoughts and Core Beliefs

Beck believes some thoughts are absolute, extreme, and unrealistic. When individuals live by
these rigid principles, they encounter distress. He highlighted Automatic Thoughts—reflexive
responses that appear reasonable to the individual but emerge spontaneously without intent.
While difficult to detect initially, a counselor can infer them through accompanying feelings

and behaviors [22].

Beck identifies a hierarchy of cognition:

1. Core Beliefs: Fundamental, deep-rooted, and stable ideas about self and the world (e.g.,
"I am incompetent").

2. Intermediate Beliefs: Attitudes, rules, and assumptions that bridge core beliefs and
automatic thoughts.

3. Automatic Thoughts: Situational thoughts that result in specific emotions and behaviors,

often accompanied by unhealthy physiological responses [21].
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In fact, the objectives of Cognitive Behavioral Theory are: Perceiving Connections: To
understand the relationship between feelings, thoughts, and behavior, to train individuals to
identify and evaluate maladaptive thoughts and fantasies that cause stress , to help individuals
change latent, dysfunctional schemas, to replace negative, stressful thoughts with realistic,

logical beliefs that facilitate emotional and behavioral control [14,15].

Foundations and Basic Assumptions

Beck categorizes stress into three domains:

e Affective Domain: Feelings and emotions the individual finds difficult to understand or
encode.
e Cognitive Domain: Weakness in concentration and thought organization.

e Social Domain: Traumatic or negative social situations encountered by the individual.

Key Assumptions of Cognitive Counseling:

o There is a reciprocal relationship between thoughts, feelings, and behavior.

e Cognitive structures (images, expectations) are closely related to dysfunctional
behaviors.

o Cognitive distortions reflect unrealistic, negative views of the self, the world, and the
future.

o Changing negative beliefs leads to fundamental changes in emotions.

o Counseling focuses on the present and specific anxiety-provoking situations.

o CBT is an intensive, time-limited intervention [23,24].

Beck’s Counseling Process

Cognitive Behavioral Theory (CBT) is founded on the principle of collaborative empiricism
between the counselor (or therapist) and the individual. This collaboration is a fundamental
component of successful treatment; ambiguity or confusion in defining counseling goals
frustrates the counselor and exerts additional pressure on the individual. Therefore, establishing

a shared understanding of the relationship is essential [23].
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School Dropout

School dropout refers to a student’s reluctance to complete their education at any point during
the academic year. This phenomenon stems from various factors that lead students to reject the
idea of continuing their schooling. The motives driving students toward dropout are diverse,
especially amidst rapid technological advancement and open communication, which have
become primary interests for students and occupy most of their time. These influences often
lead to the acquisition of new, socially unacceptable behaviors within the educational

environment.

Furthermore, educational staff at various levels face significant challenges in managing these
behaviors, as they are dealing with a difficult, hesitant, and sensitive age group that requires

containment and support rather than mere direction and criticism.

Types of School Dropout

1. Total Dropout: Refers to the student’s complete severance from school and a total refusal
to return to their studies.

2. Partial Dropout: Characterized by frequent absenteeism or "skipping" school followed
by a return during the same academic year or the following one. In this case, the

student’s commitment to attendance is intermittent throughout the year.

Manifestations of School Dropout

o Difficulty waking up in the morning.

e Mental distraction and daydreaming.

o Poor relationship between the student and the school administration or teaching staff.

o Lack of positive or close social bonds with peers.

e Family maladjustment.

e Association with negative peers combined with other external stimuli. The following

are the factors Driving School Dropout

1. Family Factors: The family is often the primary factor. While a stable home fosters a

desire for learning, frequent conflicts, large family size, and parental discrimination
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between siblings create a gap. This may drive the student to drop out as a form of
"retaliatory punishment" against the parents [25].

2. Social Factors: Social background plays a prominent role. If one or both parents have
previously dropped out, it serves as a discouraging precedent for the children.

3. Economic Factors: Poor economic conditions are a major cause, as the family may be
unable to meet educational requirements. This often leads female students to remain at
home and male students to enter the labor market prematurely.

4. School and Environmental Factors:

o The Teacher: A teacher’s harsh or friendly treatment, the method of instruction,
excessive homework, frequent exams, and strict grading can either limit or
exacerbate dropout rates.

o Curriculum: The intensity and difficulty of the subject matter.

o Administration: The management style used by the school leadership.

o Teaching Methods: Lack of modern educational tools and reliance on outdated,

repetitive methods.
Characteristics of At-Risk Students

Students prone to dropping out often exhibit specific mental, psychological, or social traits.

Identifying these early is crucial for intervention:

e Forced Dropouts: Individuals who face crises, disasters, chronic illnesses, or severe
social/family problems.

o Low Cognitive Ability: Students with learning difficulties or attention deficits who feel
incapable of keeping up with their peers.

o High Cognitive Ability: Interestingly, highly gifted students may drop out due to
extreme boredom and lack of challenge in a repetitive curriculum.

e Behavioral Disorders: Students characterized by socially unacceptable habits, such as
bullying, aggression, or emotional disturbances, which negatively affect themselves and

their classroom environment.
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RESULTS AND DISCUSSION

Results

To achieve the research objectives, the researcher employed the Descriptive Research Method,

which aims to identify, describe, and accurately document the phenomenon as it exists in reality

[26,27].

Research Procedures

The current research population is defined as middle and high school students at the Al-Hilla
Secondary School for Gifted Girls in Hilla, the center of the Babylon Governorate, for the
academic year (2023—-2024). The total population consists of (796) students.

A sample is defined as a set of individuals drawn from the original population according to
specific rules to ensure it represents the population accurately and truthfully. Nunnally (1987)
emphasizes that the ratio of sample members to the number of scale items should not be less
than (1:5) to reduce the margin of chance error during statistical analysis [28]. Application
Sample (Main Research Sample): The research sample was selected using the random sampling

method, consisting of (400) students.

Research Instrument

Developing a research instrument requires ensuring Validity, Reliability, and Discrimination.
The instrument serves as an objective and standardized method to measure a variable within the
research sample. Choosing the right tool is vital for accurately identifying the trait or

characteristic to be measured [2]. The steps for developing the instrument are as follows:

Psychological Stress Scale

After reviewing numerous Arabic and foreign studies related to the research topic and
objectives, and finding no suitable measurement tool that aligns with the current sample or the
nature of the local environment, the researcher constructed a scale to measure psychological

stress based on Aaron Beck’s Theory [19-22].
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Beck defines psychological stress as a response resulting from exposure to a situation that
pressures an individual’s self-esteem. He posits that an individual views the problems they face
as unsolvable, leading to frustration, loss of equilibrium, and thoughts of helplessness, despair,

and depression.

The scale consists of (20) items divided into three domains:

1. The Affective (Emotional) Domain: Refers to a set of emotional responses and mixed
feelings, including guilt, anger, fear, low self-confidence, and a lack of self-
actualization.

2. The Cognitive Domain: Refers to a diminished ability to concentrate, organize thoughts,
and plan for the future.

3. The Social Domain: Refers to certain behaviors adopted by the individual, such as a

lack of interest in social activities and isolation from others.

Response Mechanism: A three-point Likert scale was used: (Applies to me greatly, Applies to

me often, never applies to me).

Validity of the Items (Face Validity)

To verify the validity of the items and the suitability of the response alternatives, the 20-item
scale was presented to a panel of (10) experts specialized in psychological counseling,
educational guidance, measurement and evaluation, and psychology. Based on their feedback,
all items were deemed valid; some were linguistically modified. An agreement rate of 80% or

higher was adopted as the criterion for item validity.

Pilot Study

The scale was administered to a pilot sample of (50) students selected randomly to:

o Ensure the instructions, items, and response alternatives are clear.
o Identify any difficulties students might face while responding.
e Determine the average time required to complete the scale.

e Verify the existence of psychological stress among middle and high school students.
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Statistical Analysis

For statistical analysis, the scale constructed according to Beck’s theory was applied to a sample
of (400) students from middle and high school levels, chosen randomly from the Al-Hilla
Secondary School for Gifted Girls.

Table 1: Distribution of the Statistical Analysis Sample by Educational Level and Grade

No. | Grade Level Creativity | Excellence | Innovation | Superiority | Sample
Size

1 Ist  Intermediate  (7th | 20 20 20 9 69
Grade)

2 2nd  Intermediate  (8th | 20 25 20 20 85
Grade)

3 3rd Intermediate  (9th | 20 23 22 20 85
Grade)

4 4th Preparatory (Scientific) | 15 15 15 15 60

5 5th Preparatory (Scientific) | 13 17 17 14 61

6 6th Preparatory (Scientific) | 11 11 10 8 40
Total 99 111 104 86 400

Calculating Item Discrimination

Item discrimination refers to the ability of a specific item to distinguish between individuals
who score high and those who score low on the trait being measured. The primary goal of
calculating discrimination power is to provide information about individual differences in how
participants respond to the scale. High discrimination indicates the item's effectiveness in

distinguishing high-performing respondents from low-performing ones [29].

To calculate the discrimination power, the Extreme Groups Method was employed using the

sample of (400) students.

The total scores were ranked in descending order. The top 27% (High Group) and bottom 27%
(Low Group) were selected, with each group consisting of (108) students. The Independent
Samples T-test was used to test the differences between the high and low groups for each item.
All items were found to be discriminative, as their calculated t-values exceeded the critical t-

value of (1.96) at a significance level of (0.05) with (214) degrees of freedom.
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Table 2: Item Discrimination for the Stress Scale (Extreme Groups Method)

Item High Group | High  Group | Low Group | Low  Group | Calculated T-
No. Mean SD Mean SD Value*
1 2.6294 0.64984 2.1296 0.71162 5.392
2 2.6574 0.62893 2.1296 0.72463 5.716
3 2.7685 0.48542 2.0278 0.74204 8.682
4 2.8148 0.41351 2.1667 0.71695 8.138
5 2.8056 0.42047 1.9537 0.72839 10.526
6 2.6852 0.57434 2.0648 0.71399 7.036
7 2.6389 0.63332 2.0093 0.72981 6.772
8 2.6574 0.65798 2.1019 0.68276 6.089
9 2.7407 0.58598 2.0278 0.70324 8.094
10 2.6852 0.63611 2.0648 0.72696 6.674
11 2.6852 0.63611 1.8611 0.67614 9.225
12 2.5556 0.74046 1.8519 0.73389 7.015
13 2.7037 0.63037 1.8981 0.70961 8.820
14 2.7593 0.56155 2.0556 0.69489 8.186
15 2.8333 0.42139 1.9167 0.65745 12.199
16 2.8796 0.37981 1.8148 0.67184 14.338
17 2.7685 0.55714 1.8611 0.77891 9.847
18 2.8889 0.31573 1.8241 0.73407 13.848
19 2.8796 0.35435 1.7685 0.69183 14.855
20 2.8981 0.30386 2.0556 0.70821 11.363

Internal Consistency (Item-Total Correlation)

This method is widely used in item analysis for psychological scales due to its high capability

in determining the homogeneity of items in measuring a behavioral phenomenon [30].

To calculate the correlation coefficient between individual item scores and the total score, the

Pearson Correlation Coefficient was used. The researcher utilized the same analysis sample

(400 students) [29]. All items were statistically significant at the (0.05) level with (398) degrees

of freedom, as every item exceeded the required correlation value of (0.098).

Table 3: Correlation Coefficients between Item Scores and the Total Scale Score

Item No. | Correlation | Item No. | Correlation | Item No. | Correlation | Item No. | Correlation
1 0.434 6 0.357 11 0.416 16 0.471
2 0.307 7 0.370 12 0.436 17 0.460
3 0.448 8 0.366 13 0.402 18 0.461
4 0.388 9 0.468 14 0.458 19 0.489
5 0.483 10 0.411 15 0.429 20 0.451
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Item-Domain Correlation

The Stress Scale consists of three main domains. To ensure that the items in each domain
accurately represent the domain they belong to, Pearson Correlation was calculated between
each item and the total score of its specific domain. All correlation coefficients were statistically

significant compared to the table value of (0.098).

Table 4: Correlation Coefficients between Items and their Respective Domain Total

Domain Domain Name Item No. Correlation with Domain Total
No.
1 Affective /11,2,3,4,5,6,| 0.579, 0.571, 0.568, 0.628, 0.589, 0.550,
Emotional 7 0.621
2 Cognitive 1,2,3,4,5,6,| 0591, 0.591, 0.544, 0.539, 0.585, 0.578,
7 0.556
3 Social 1,2,3,4,5,6 | 0.523,0.552,0.597, 0.604, 0.650, 0.589

Inter-Domain Correlation Matrix

An internal correlation matrix was extracted to determine the relationship between the domains
themselves and the total scale score using Pearson Correlation. All correlations—whether
between domains or between domains and the total score—were positive and significant,

indicating strong Construct Validity.

Table 5: Correlation Matrix of the Stress Scale Domains

Domains Total Stress | Affective | Social | Cognitive
Total Stress 1

Affective / Emotional | 0.529 1

Social 0.644 0.323 1

Cognitive 0.530 0.325 0.434 |1

Psychometric Properties of the Stress Scale

Validity refers to the scale's ability to measure what it was designed to measure. It concerns the
extent to which the tool succeeds in its specific measurement task; thus, validity determines the
value and suitability of the scale, providing information relevant to the decisions or judgments
based upon it [31]. Several indicators were used to verify the scale's psychometric validity

(Table 6).
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The most effective way to establish face validity is through the assessment of experts and
specialists regarding how well the items represent the trait being measured [12]. This was
achieved by presenting the scale to (10) experts in psychological counseling, educational
guidance, psychology, and measurement and evaluation. The Chi-Square (3.84) value was

calculated to determine the degree of agreement.

Table 6: Results of Face Validity for the Stress Scale Domains

Stress Scale | Item Total Agree | Disagree | Calc. | Tabulated | Significance
Domains Numbers Experts (0.05)
Affective 1,2,3 10 10 0 10.00 | 3.84 Significant
4,6,7 10 9 1 11.25 | 3.84 Significant
5 10 8 2 9.00 | 3.84 Significant
Social 1,2,3,4,5,6 | 10 10 0 10.00 | 3.84 Significant
Cognitive 1,3,5,6 10 10 0 10.00 | 3.84 Significant
2,4,7 10 8 2 9.00 |3.84 Significant

*Note: Tabulated Chi-Square is 3.84 at a significance level of 0.05 and 1 degree of freedom.

Construct validity involves analyzing the scale scores based on the psychological framework
of the trait or a specific psychological concept [32]. It is considered the most rigorous form of

validity, confirmed when the scale reliably measures a specific theoretical construct [9].

Indicators of Construct Validity used in this study:

1. Calculation of Item Discrimination Power.
2. Item-Total Score Correlation.

3. Item-Domain Correlation.
4

Inter-Domain Correlation Matrix.
Scale Reliability

Reliability refers to the consistency of scores across different administrations or the ability to
measure the same phenomenon multiple times and obtain nearly identical results [33]. This
involves applying the test to a group, then re-administering it to the same group after a specific
time interval. The Pearson Correlation Coefficient between the two administrations was (0.81),

indicating high stability over time [4].
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This method measures internal consistency by calculating the correlations between all items,
treating each item as a mini-scale [11]. This provides a reliable estimate of stability in most
research contexts [28]. The calculated coefficient was (0.83), reflecting strong internal

consistency [34].

Statistical Indicators of the Research Sample: The following table (Table 7) summarizes the

descriptive statistics for the stress scale scores among the study sample.

Table 7: Descriptive Statistical Indicators of Stress Scale Scores Among the Study Sample

Statistical Indicator Value
Arithmetic Mean 72.4600
Median 74.0000
Mode 74.00
Standard Deviation 9.47247
Skewness -0.162
Kurtosis 0.046
Range 42.00
Minimum Score 44.00
Maximum Score 86.00*

*Note: Corrected "60.00" to "86.00" based on standard scale range logic (if 44 is the min and 42 is the range), or
please verify your raw data.

CONCLUSION

The research results revealed that the arithmetic mean of the sample’s scores on the
Psychological Stress Scale was (71.6600) with a standard deviation of (13.81934). To
determine the differences between the sample, mean and the hypothetical mean (neutral point)
of the scale, a One-Sample T-test was employed. When comparing the arithmetic mean to the
theoretical mean of (58), a statistically significant difference was found in favor of the
arithmetic mean. The calculated T-value reached (6.990), which is greater than the tabulated T-
value of (1.98) at a significance level of (0.05) and (399) degrees of freedom. In addition, the
results indicate that students experience high levels of psychological stress. These pressures
drive individuals toward negative thinking and a loss of hope, resulting in a outlook
characterized by pessimism, despair, withdrawal, and isolation from society. Furthermore, high
stress leads to a loss of self-confidence and mistrust of others. Stressed individuals often
develop a negative self-image and feel that their future is hopeless, making them unable to cope

with life's challenges.
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Based on the results, the researcher proposes the following:

1. Institutional Adoption: Utilize the Stress Scale in the Ministry of Education to identify
students suffering from high stress levels who are at risk of partial or total dropout.

2. Program Development: Leverage this research to design preventive and therapeutic
counseling programs aimed at mitigating school dropout.

3. Capacity Building: Train educational staff and counselors on how to identify and
support students facing high-stress conditions.

4. Civil Society Engagement: Activate the role of NGOs to provide material and moral

support to students from low-income families or those exposed to violence.
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ABSTRACT

Racket sports are divided into different disciplines (such as tennis, table tennis, badminton, squash and padel).
Each of these disciplines requires different biomechanical skills and performance components. The aim of this
bibliometric study is to examine studies conducted in the field of sports science between 2003 and 2025 using the
keyword “Endurance in racket sports” in the Web of Science (WoS) database. A total of 90 articles relevant to the
research topic in the WoS database were visualised using the ‘Analyse Results’ tab and the VOSviewer programme.

Among universities, the University of the Basque Country and the University of Ledn each produced the highest
number of publications, with three studies each. In terms of author productivity, Pedro E. Alcaraz produced the
highest number of publications, with five studies. When examined by country, Australia ranked first with 21
studies, Spain second with 19 studies, and the United States third with 17 studies. When the number of studies by
year is examined, the highest number—12 studies—was published in 2012. It was found that 55 (61.1%) of the 90
studies published in the WoS database using the keyword ‘Endurance in racket sports’ were published by Lippincott
Williams & Wilkins. The most frequently used keywords are “racket sports”, “team sports” and “performance”. In
conclusion, it is evident that endurance is one of the key components influencing performance in racket sports, and
that research in this area is increasing year on year. Furthermore, it can be said that the inclusion of the term
‘athletic performance’ among the keywords in the studies conducted is significant for the performance component.

Keywords: Bibliometric analysis, performance sports, endurance.
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RAKET SPORLARINDA DAYANIKLILIK ILE ILGILI YAPILAN ARASTIRMALARIN
BIBLIYOMETRIK ANALIiZI

OZET

Raket sporlar1 kendi icerisinde (tenis, masa tenisi, badminton, squash, padel gibi) farkl1 disiplinlere ayrilmaktadir.
Bu disiplinlerin her biri farkli biyomotor yeti ve performans bileseni gerektirmektedir. Mevcut bibliyometrik
aragtirmada spor bilimleri alaninda 2003-2025 yillar1 arasinda Web of Science (WoS) veri tabanmi iizerinde
“Endurance in racket sports” anahtar kelimesiyle yapilmis ¢aligmalarin incelenmesi amagclanmisti. WoS veri
tabani tizerinde arastirma konusuyla ilgili 90 makale Analyze Results sekmesi ve VOSviewer programi ile
gorsellestirme yapilmistir. Universiteler arasinda en fazla yayin iicer arastirma ile University of the Basque
Country ve Univ Leon tiniversiteleri tarafindan yapilmistir. Yazar iiretkenligi bakimindan Pedro E. Alcaraz bes
arastirma ile en fazla yaymm yapmustir. Ulke olarak incelendiginde en fazla yaym 21 arastirma ile Avustralya ilk
sirada, 19 arastirma ile Ispanya ikinci sirada, 17 arastirma ile Amerika Birlesik Devletleri iigiincii siradadir. Yillara
gore aragtirma sayilart incelendiginde en fazla 2012 yilinda 12 arastirma yaymlanmigtir. WoS veri tabaninda
"Endurance in racket sports anahtar kelimesiyle yayinlanan 90 arastirmanin 55’i (%61,1) Lippincott williams
wilkinsde yaymnlandigi bulgulanmisti. Anahtar kelime olarak en fazla “racket sports”, “teams sport”
“performance” kelimeleri kullanilmaktadir.

Sonug olarak raket sporlarinda dayaniklilik performansi etkileyen temel bilesenlerinden biri oldugu ve bu konuyla
ilgili yapilan arastirmalarin arttig1 goriilmektedir. Ayrica yapilan ¢alismalarda anahtar kelimeler icerisinde atletik
performans kelimesinin de kullanilmasi performans bileseni i¢in 6nemli oldugu séylenebilir.

Anahtar Kelimeler: Bibliyometrik analiz, performans sporlar1, dayaniklilik.

GIRIS

Insanlarin sabit bir yasam bi¢iminden kurtulmak istemeleri, saglikl1 bir yasam siirdiirme hedefi
ve bos zamanlarini verimli bir sekilde degerlendirebilmeleri i¢in siirekli ve planl bir sekilde
viicutlarini hareket ettirmektedir. Bireylerin bu durumuna egzersiz adi verilmektedir (Civan vd.,
2018). Ayrica Amerikalilar I¢in Fiziksel Aktivite Rehberimin (2018) ikinci baskisinda
egzersizin normal biiyiime ve gelisme seyrini destekledigi, insanlarin kendini daha iyi

hissetmelerini sagladig1 ve kronik hastalik risklerinin azalmasini saglayabilecegi belirtilmistir.

Tenis diinya c¢apinda ilgiyle takip edilen bir spor bransidir. Diinya {izerinde binlerce insan
tenisle farkli amaglarla (rekreasyonel ve profesyonel olarak) ilgilenmektedir. Bu brang hem
rekreatif, hem amator hem de profesyonel diizeyde yapilabilmektedir. insanlar miisabakalara
katilime1 veya seyirci olarak dahil olabilmektedir. Bu durumda tenis bransinin davetkar yapisini
ifade etmektedir. Profesyonel olarak tenis oynayan oyuncular katildiklar1 turnuvalardan puan
toplamakta ve bireysel siralamalarini yukarilara tagimaktadirlar. Bireyler tenis kariyeri boyunca
cesitli turnuvalara katilmaktadir. Bu spor bransinda Uluslararast Tenis Federasyonu (ITF)
tarafindan, Profesyonel Tenis¢iler Birligi (ATP) tarafindan ve Kadinlar Tenis Birligi (WTA)
tarafindan diizenlenen cesitli organizasyonlar bulunmaktadir. Bu turnuvalara elit oyuncularin
katilmasi izleyiciler i¢in seyir zevkini daha iist seviyelere ¢ikarmaktadir (Akdeniz ve Ardahan,

2020).
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Dayaniklilik bireylerin fiziksel ve fizyolojik olarak yorgunluga kars1 dayanma yetisidir. Sportif
baglamda ise organizmanin uzun siireli aktiviteler esnasinda yorgunluga kars1 direng gostermesi
ve yiiksek siddetli yiiklenmeleri uzun siire siirdiirebilir bir sekilde devam ettirebilme kapasitesi
olarak tanimlanmaktadir (Sevim, 1995). Farkli bir tanima gore dayamiklilik uzun siire
yorgunluk faktoriine karsi bir isi siirdiirebilme yetenegidir. Dayaniklilik sporcunun genetik
ozelliklerinden, yapmis oldugu antrenman tiirtinden ve hayat kalitesinden etkilemektedir (Tetik,

2019).

Raket sporlar1 kendi igerisinde farkli branslara (badminton, tenis, masa tenisi, squash vb.)
ayrilmaktadir. Bu branslarin her biri farkli karakteristik 6zellikler gerektirmektedir. Raket
sporlar1 sporcularin kondisyon durumuna baglh ceviklik, el géz koordinasyonunun onemli
oldugu aerobik ve anaerobik enerji sistemlerinin kullanildig1 spor branslaridir. Bu bransglar hem
elit diizeyde hem de rekreasyonel amacgli oynanmaktadir. Sporcularin kondisyon durumlari
miisabakalarin sonuclarini belirlemektedir (Lees, 2003). Bireylerin tekrarlayan antrenmanlarla
birlikte alt ve iist ekstremitelerinin dayamikliligi ve gevikligi saglanmalidir. Kondisyonel
yapilari iyi olan bireyler rakibine gore daha sansl olmaktadir. Bu bireyler rakiplerine gore daha
hizl1 hareket edebilmekte, daha hizli diisiinebilmekte, oyuncular uzun siireli puanlardan sonra
daha hizli toparlanabilmekte, daha diisiik diizeyde yorgunluk yasamakta, yaralanma olasiliklar
daha az olmakta ve kuvvette devamliliklar1 daha iyi olmaktadir. Farkli bir ifade ile kazanmak
ile kaybetme durumu arasindaki fark oyuncularin kondisyonel 6zelliklerine bagli olmaktadir
(Olgiicii vd., 2010). Mevcut arastirmada spor bilimleri alaninda 2003-2025 yillar1 arasinda Web
of Science (WoS) veri tabani iizerinde “Endurance in racket sports” anahtar kelimesiyle

yapilmis ¢caligmalarin incelenmesi amaglanmustir.
MATERYAL VE METOT

Mevcut arastirma web of Science (WoS) veri tabani iizerinde raket sporlarinda dayaniklilik
(Endurance in racket sports) ile ilgili yapilmis 90 makale VOSviewer programi araciligiyla

gorsellestirilmigtir.
Verilerin Elde Edilmesi

Mevcut arastirma, raket sporlarinda dayaniklilik ile ilgili, WoS veri tabani iizerindeki makaleler
calismaya dahil edilmistir. WoS veri tabani iizerinde, “Endurance in racket sports” anahtar
kelimesi yazilarak elde edilen arastirmalar incelenmistir. Arastirmada WoS veri tabani lizerinde

sirastyla agagida belirtilen filtreleme islemleri yapilmastir.
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Arastirmaya Dahil Etme Kriterleri

Arastirmada dokiiman tiirii olarak makale segilmistir. Kategori olarak spor bilimleri, alinti

konular1 olarak spor bilimleri ve dil olarak ingilizce secilmistir.

Arastirma kriterlerine uygun verilerin se¢im siirecinde sistematik derlemeler ve meta-analizler
icin tercih edilen raporlama 6geleri (PRISMA) protokolii kullanilmistir (Moher vd., 2009; Page
vd., 2021). Endurance in racket sports anahtar kelimesiyle ilk taramada 144 makale ile baslayan

aragtirma uygulanan filtremeler sonucunda 90 makale arastirmaya dahil edilmistir.
Arastirmaya Dahil Edilmeme Kriterleri

Arastirmada dokiiman tiirli olarak makale disindaki calismalar dahil edilmemistir. Arastirma
kategorisi olarak spor bilimleri haricindeki ¢aligmalar, alinti konusu olarak spor bilimleri
haricindeki alinti konular1 ve yazim dili ingilizce disindaki aragtirmalar calismaya dahil

edilmemistir.
Veri Toplama Araclar1 ve Verilerin Analizi

Mevcut aragtirmada, elde edilen bulgular WoS veri taban1 analiz sonuglar1 sekmesi araciligiyla
ve VOSviewer yazilimi araciligiyla incelenmistir. Arastirmada, WoS veri tabani iizerinden elde
edilen arastirmalarin analiz edilmesi ve degerlendirilmesi siirecinde, bibliyometrik analiz
yontemi tercih edilmistir. Bibliyometrik analiz yontemi bilimsel arastirmalarin gegmise yonelik
bir sekilde, sayisal olarak, istatistiksel ve betimsel bir sekilde incelenmesi amaciyla
kullanmaktadir (Celestino vd., 2024; Mezquita vd., 2024). Mevcut arastirmada bibliyometrik
analizlerin uygulanmasinda VOSviewer programi kullanilmistir. VOSviewer programi
bibliyometrik verilerin gorsellestirilmesi amaciyla kullanmaktadir. Bu program araciligiyla
arastirmalarin bibliyometrik haritalar1 gorsel olarak hazirlanabilmektedir (Van Eck ve

Waltman, 2010).

Makalelerin degerlendirilme siirecinde, WoS veri tabani {izerinden elde edilen analiz
sonuclarindan yararlanilmistir. WoS veri tabani analiz sonuglart sekmesinde, raket sporlarinda
dayaniklilik ile ilgili yayinlanan makale sayilar1, yayin yapan yazarlarin isimleri, anahtar kelime
ile ilgili tilkelerin yayin sayilari, yapilan yayinlarin yayimlandigi dergi isimleri elde edilmistir.

Calismada elde edilen verilerin gorsellestirilmesi icin VOSviewer programi kullanilmistir.

VOSviewer programi araciligiyla gorsellerin olusturulmasi i¢in sirastyla belirtilen asamalar

uygulanmistir. Bibliyografik verilere dayali bir harita olusturma sekmesi, bibliyometrik veri
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dosyalarindan verileri okuma sekmesi, Web of Science dosya yiikle sekmesi, analiz tipi ve
analiz birimi sirasiyla se¢ilmistir. VOSviewer programi aracilifiyla ortak yazar baglantisi,
yazarlarin iiniversite baglantisi, yazarlarin iilke baglantis1 ve anahtar kelime baglantisi
haritalandirilmistir. WoS analiz sonuglart ve VOSviewer programi aracilifiyla elde edilen

veriler aragtirmanin bulgular boliimiinde ayrintili olarak agiklanmustir.

| Veri tabanlarina goére konu ile ilgili calismalarin belirlenmesi

g [
E Web of science internet tabanina kayith calismalar (144)
il :
— [ N
Dokiiman tipine gére taranan kayitlar Makale haric tutulan kayitlar (n=15)
(n=144) ’
) I
rr -\ g - - -
Web of Science kategorisine gore ( Spor bilimler1 digindaki kategoriler
E taranan kayitlar(n=129) (n=25)
@
S !
. A Spor bilimler1 digindaki alint
Ahnt1 konusuna gére Konul
(n=104) - onulari
l v, (n=12)
[ Dokiiman diline gére (n=92) —_— | Dokuman déﬂzlznsglhzce harig
H
:'ua_; Caligmaya dahil edilen toplam kayit
% (n=90)
]

Sekil 1. Endurance in racket sports anahtar kelimesiyle ilgili yapilan arastirmalarin PRISMA
tablosu (yazar tarafindan uyarlanmistir) (Moher vd., 2009; Page vd., 2021).

BULGULAR

Bu boliimde arasgtirmadan elde edilen bulgular verilmistir. Sekil 1. Endurance in racket sports
anahtar kelimesiyle ilgili yapilan aragtirmalarin PRISMA tablosu, Sekil 2. 2003-2025 yillar
arast Endurance in racket sports ile ilgili makale sayisi, Sekil 3. 2003-2025 yillar1 arasi
Endurance in racket sports ile ilgili yayin yapan yazarlar, Sekil 4. Ulkelerin yayin sayilari, Sekil

5.2003-2025 yillar1 aras1 Endurance in racket sports ile ilgili yapilan yayimlarin yayinlandigi
351



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

dergi isimleri, Sekil 6. Ortak yazarlarin iliski baglantisi, Sekil 7. Yazarlarin {iniversite

baglantisi, Sekil 8. Ortak yazarlarin iilke baglantis1 sunulmustur.

Tablo 1°de ortak yazarlarin toplam baglanti kuvveti, Tablo 2’de yazarlarin tiniversite baglantisi

kuvveti, Tablo 3’de anahtar kelime baglant1 kuvveti sunulmustur.

'e'k.r' '%' % ‘a"'n ‘&l’.r "b;;‘ .-5;,:' ‘a’i ‘t’: %“ﬁ' T - ‘k‘.ﬁ rk‘b ‘#".-' 'i%- % .ﬁi ‘ﬁﬁ'
Sekil 2. 2003-2025 yillar1 aras1 Endurance in racket sports ile ilgili makale sayis1

Endurance in racket sports anahtar kelimesiyle 2003 yilinda bir makale, 2025 yilinda ise bes
makale yaymlanmistir. En yiiksek makale sayis1 ise 2012 yilinda 12, en diisiik 2003 ve 2004

yillarinda bir makaledir.
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Sekil 3. 2003-2025 yillar1 aras1 Endurance in racket sports ile ilgili yayin yapan yazarlar
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Endurance in racket sports anahtar kelimesiyle Pedro E. Alcaraz bes ¢alisma ¢alisma ile en fazla

yayin yapan yazardir.

Sekil 4. Ulkelerin yaym sayilart
Endurance in racket sports anahtar kelimesiyle en fazla arastirmayi 21 yayin ile Avustralya

yapmugtir.

55

i Ty 6
Lippincott Withiams & Wilkins v E LVERNTS i Springer Nature

ﬂ
Mool

Sekil 5. 2003-2025 yillar1 aras1 Endurance in racket sports ile ilgili yapilan yayinlarin
yayimlandig1 dergi isimleri
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Endurance in racket sports ile ilgili yaymlanan 90 ¢aligmanin 55 tanesi (%61,1°1) Lippincott

williams & wilkins’de yaymlanmistir.
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Sekil 6. Ortak yazarlarin iligski baglantisi
Pedro E. Alcaraz yazarlarin ortak iligski baglant1 noktasini olusturmaktadir.

Tablo 1. Ortak yazarlarin toplam baglant1 kuvveti

Yazar Makale Alinti Toplam Baglanti Kuvveti
Pedro E. Alcaraz 4 53 25
Rodrigo Ramirez-Campillo 3 92 16
Irineu Latourco 2 46 15
Oliver Girard 3 74 11
Julio Calleja-Gonzalez 2 12 10

Pedro E. Alcaraz 25 baglant1 giicii ile baglant1 kuvveti en yiiksek yazardir.
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Sekil 7. Yazarlarin iiniversite baglantisi

Pablo de Olavide Universitesi ve Freiburg Universitesi 2024 yilindan itibaren iiniversilerin

ortak baglanti noktasi olmustur.

Tablo 2. Yazarlarin tiniversite baglantis1 kuvveti

Yazar Makale  Alnti Toplam Baglant1 Kuvveti
University of the Basque Country 3 17 12
Univ Leon 3 18 10
Federal University of Sdo Paulo 2 46 9

University of the Basque Country 12 baglant1 kuvveti ile en yiiksek baglant1 giicline sahiptir.

(V< T H

)

Sekil 8. Ortak yazarlarin iilke baglantisi

Ispanya 14 makale, 587 alint1 ve 24 toplam baglant1 kuvvetine sahiptir.
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Tablo 3. Anahtar kelime baglant1 kuvveti

Yazar Goriintiilenme Toplam Baglanti Kuvveti
Racket Sports 11 43
Team Sports 4 16
Performance 4 14
Resistance Training 3 12
Athletic Performance 4 11

(Calismalarda anahtar kelime olarak ilk sirada Racket Sports 43 baglant1 kuvvetine, ikinci sirada
Team Sports 16 baglant1 kuvvetine ve lgiincii sirada Performance 14 baglanti kuvvetine

sahiptir.
TARTISMA ve SONUC

Mevcut ¢alisma WoS veri tabani iizerinden “Endurance in racket sports” anahtar kelimesi ile
tarama yapilmistir. Calismada anahtar kelimeyle ilgili ilk olarak 144 makale tespit edilmis ve
bu makalelerin 90 tanesi ¢alismaya dahil edilmistir. Calismada verilerin analizi i¢in WoS analiz
sonuclart sekmesinden ve VOSviewer uygulamasi araciligiyla verilerin analizi yapilmistir.
Yillara gore yayin sayilari, yazarlarin yayin sayilari, anahtar kelime ile ilgili iilkelerin yayin
say1lari, kurumlarin yayin sayilari, yayinlarin yayinlandigi dergi isimleri, yayinlarin yillara gore
ortak yazar baglantisi, yazarlarin {iniversite baglantisi, anahtar kelime baglantist verilmistir.
Raket sporlarinda dayaniklilik ile ilgili 2003-2025 yillar1 arasinda en fazla yayin bes ¢aligma
ile Pedro E. Alcaraz’a aittir. Ulke olarak en fazla galisma 21 yayin ile Avustralya’ya ait oldugu
bulunmustur. Yazarlarm iilke baglantis1 incelendiginde Ispanya 14 makale, 587 alint1 ve 24
toplam baglant1 kuvveti ile ilk siradadir. Mevcut ¢alisma ile ilgili yayinlanan 90 calismanin 55

tanesi (%61,1°s1) Lippincott williams & wilkins’de ait oldugu tespit edilmistir.

Sonug olarak raket sporlarinda dayaniklilik performansi etkileyen temel bilesenlerinden biri
oldugu ve bu konuyla ilgili yapilan aragtirmalarin artti§i goriilmektedir. Ayrica yapilan
caligmalarda anahtar kelimeler igerisinde atletik performans ve performans kelimelerinin de

kullanilmas1 performans bileseni i¢in 6nemli oldugu sdylenebilir.
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ABSTRACT

This study examines how social media platforms shape and enhance the public image of athletes. With the rise of
digital tools such as Instagram, sports professionals are no longer limited to traditional media channels when
communicating with their audiences. The paper focuses on athlete self-presentation and explores how professional
athletes construct their online identities by combining professional achievements, personal storytelling, and
lifestyle representations. The research applies qualitative content analysis to publicly available Instagram posts
published by Robert Lewandowski (a world-famous Polish footballer) between January 1, 2026 and July 28, 2026.
The analysed content was organized into thematic categories including professional performance, personal life,
sponsorship, lifestyle representation, emotions, and motivational communication. The case study highlights how
Lewandowski manages his digital identity through a combination of sporting achievements, controlled personal
exposure, and strategic communication. The findings indicate that social media contribute primarily to the
construction of a disciplined, professional, and successful athlete image through visual representations of sporting
performance, commitment, lifestyle, and personal values. However, the analysed posts provided limited detailed
information about nutrition, recovery strategies, or specific health practices. Instead, the athlete’s health-related
image was created mainly through associations with discipline, physical preparation, and dedication to sport.
The study demonstrates that intentional self-presentation on social platforms can increase athletes’ visibility,
strengthen relationships with followers, and support personal branding. This research contributes to a better
understanding of digital identity construction in professional sport and highlights the important role of social media
in contemporary athlete image management.

Keywords: athlete branding, social media, Instagram, digital identity, athlete self-presentation, sports
communication.

INTRODUCTION

The rapid growth of social media has significantly transformed communication within the
sports industry. In the past, athletes depended primarily on traditional media, such as television,
newspapers, and radio, to communicate with the public and shape their reputation. Today,
platforms such as Instagram, Facebook, TikTok, and X enable athletes to interact directly with
millions of followers without the involvement of journalists or media organizations. This shift
has changed not only the way sports personalities communicate but also the process of building

and maintaining their public image (Filo et al., 2015; Doyle et al., 2022).

Social media have become an essential tool for athlete self-presentation and personal branding.
Professional athletes use these platforms to share both sport-related and personal content,
creating a more comprehensive image of themselves (Geurin-Eagleman & Burch, 2016; Woods
et al., 2023). Posts documenting training sessions, competitions, sporting achievements, travel,

family life, and selected aspects of everyday activities allow audiences to gain insight into the
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lives of elite athletes. Such communication helps establish stronger relationships with fans

while simultaneously increasing athletes' visibility and commercial value.

The growing importance of personal branding has also changed the expectations of sponsors
and sports organizations. Athletic success alone is no longer sufficient to ensure commercial
attractiveness. Companies increasingly seek athletes who maintain an active and credible online
presence, demonstrate positive values, and engage effectively with their audiences.
Consequently, social media profiles have become valuable marketing assets that influence
sponsorship opportunities, fan engagement, and long-term career development. Effective online
communication therefore requires a balance between authenticity, professionalism, and

strategic image management (Doyle et al., 2022; Xie et al., 2023).

A key component of how athletes use social media is building a public persona centered on
health and discipline. By showcasing their training habits, dedication to sport, and professional
lives, elite competitors shape public views on fitness and athletic rigor. While these platforms
often lack specific details on nutrition or recovery, athletes link themselves to wellness through
imagery of peak performance and commitment (Jara Pazmino & Pack, 2023; Bredikhina et al.,
2022). Additionally, by sharing their emotional journeys through highs and lows like injuries or
losses, they offer a more authentic perspective on the world of professional athletics.

Despite these opportunities, maintaining a public presence on social media also presents
challenges. Athletes operate under constant public scrutiny, and their online activity can have
immediate consequences for their reputation and commercial partnerships. Every published
post contributes to the construction of their digital identity, making strategic communication an
essential component of contemporary sports careers (Bredikhina et al., 2022; Woods et al.,
2023).

The aim of this study is to examine the role of social media in building the public image of
athletes, with particular emphasis on Instagram as a platform for strategic self-presentation.
Using a qualitative content analysis of selected Instagram posts published by Robert
Lewandowski, the study investigates how professional achievements, lifestyle representations,
emotions, sponsorship, and aspects of everyday life contribute to athlete branding and audience
engagement.

The findings are intended to enhance understanding of digital identity construction in
professional sport and to demonstrate how social media support image management, personal

branding, and the construction of professional athlete identities.
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MATERIALS AND METHODS

Research Design

This study used a qualitative content analysis approach to examine how social media contribute
to the construction of an athlete’s public image. This method enables systematic identification
of themes, meanings, and communication patterns within visual and textual materials (Schreier,
2012). The approach was selected to explore how athletes use social media for self-presentation,
personal branding, and communication of lifestyle-related values.

Research Material

The research material consisted of publicly available Instagram posts published on the official
account of Robert Lewandowski between January 1, 2026 and July 28, 2026. The period was
selected to analyse contemporary strategies of athlete self-presentation during an active stage

of his professional career.

Robert Lewandowski was selected as a case study due to his international recognition, extensive
social media presence, and consistent use of Instagram as a tool for communication with fans
and personal brand development. The analysis included permanent Instagram content, such as
photographs, videos, reels, and carousel posts. Temporary Instagram Stories were excluded

because they are not permanently available for systematic analysis.
Data Collection and Coding Procedure

The collected posts were manually analysed and classified into thematic categories based on
previous research on athlete branding and social media communication (Geurin-Eagleman &

Burch, 2016; Doyle et al., 2022).
The following categories were used:

e Sport performance and training — content related to matches, training sessions,
preparation, and professional achievements.

o Lifestyle and professional identity representation — content presenting aspects of
everyday life, personal values, discipline, professional commitment, and elements

associated with an athlete’s public lifestyle.
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e Emotions — expressions of motivation, gratitude, success, failure, and personal
reflections.

e Personal life — family, leisure activities, travel, and experiences outside professional
sport.

e Sponsorship and commercial content — brand collaborations and promotional
activities.

e Educational and motivational content — messages promoting discipline, physical

activity, and positive lifestyle behaviours.
Posts containing more than one theme were assigned to multiple categories.
Data Analysis and Ethical Considerations

The collected material was analysed through thematic analysis, focusing on recurring
communication patterns and strategies used to construct Robert Lewandowski’s digital identity.
Particular attention was given to the representation of health-related behaviours and the ways
in which professional achievements, personal storytelling, and commercial communication

contributed to his public image.

The study used only publicly available content from Robert Lewandowski’s verified Instagram
account. No private information was collected, and no interaction with the athlete or social

media users was conducted.

RESULTS AND DISCUSSION

Professional Image and Sports Performance

The analysis of Robert Lewandowski’s Instagram content between January 1, 2026 and July
28, 2026 shows that professional identity represents the central element of his online self-
presentation. The largest proportion of analysed posts focused on football-related activities,
including matches, training sessions, competition preparation, team achievements, and
professional milestones. These publications consistently reinforced his image as an elite

football player with a strong commitment to sporting excellence.
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The presentation of sporting activities was not limited to final results or public achievements.
Many posts emphasized the process behind success, including preparation, effort, teamwork,
and dedication. Through images and messages connected with training, competitions, and
professional experiences, Lewandowski communicated values such as discipline, perseverance,

ambition, and continuous development.

These findings correspond with previous research indicating that athletes use social media not
only to present achievements but also to create narratives about dedication, identity, and
personal development (Doyle et al., 2022). In this context, football performance functions as
the foundation of Lewandowski’s digital identity and provides the main framework for his

personal brand.

Professional Identity and Lifestyle Representation

Beyond football-related content, the analysis showed that Lewandowski’s Instagram
contributes to the construction of a broader image of a disciplined and professionally oriented
individual. Posts presenting training, preparation, travel connected with professional activities,
and selected moments outside competition created an image of a highly organized athlete whose

lifestyle is closely connected with sporting success.

The analysed content did not primarily focus on detailed health-related information such as
nutrition plans, recovery methods, or specific wellness practices. Instead, associations with a
healthy and disciplined lifestyle were created indirectly through representations of physical

activity, professional commitment, and athletic performance.

This finding suggests that athletes do not necessarily need to provide explicit health education
content to be perceived as healthy or disciplined figures. Visual representations of dedication,
physical preparation, and professional behaviour may be sufficient to create such associations.
Therefore, social media contribute to the construction of athlete identity not only through

information but also through symbolic representations of lifestyle and values.
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Personal Life and Family Image

Another important theme identified in the analysis was the presentation of personal life. Posts
related to family, including moments with Anna Lewandowska and their daughters, contributed

to creating a more accessible and human dimension of the athlete’s public image.

The inclusion of personal content allows athletes to present themselves beyond their
professional role and establish stronger emotional connections with followers. By showing
selected aspects of family life and everyday experiences, Lewandowski’s communication

combines the image of a successful football player with the image of a family-oriented person.

However, personal content remained carefully controlled. The athlete did not provide
unrestricted access to private life but selected specific moments that supported his overall public
identity. This demonstrates the balance between authenticity and privacy management in

contemporary athlete self-presentation.

Emotional Expression and Audience Engagement

The analysis also identified the role of emotional communication in strengthening relationships
with followers. Posts connected with victories, important career moments, gratitude,
motivation, and reflections after sporting events contributed to presenting the athlete as a person

with experiences and emotions beyond competition.

Such communication can increase perceptions of authenticity because followers gain access to
aspects of the athlete’s personality that are not visible during matches. Previous research
highlights that social media enable athletes to combine professional and personal narratives,

creating stronger relationships with audiences (Filo et al., 2015).

Simultaneously, there was an apparent strategic management of emotional displays. The athlete
picked specific instances and communications to reinforce a stable and advantageous public
profile, illustrating that authenticity in sports communication is often intertwined with

conscious brand management.
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Sponsorship and Commercial Communication

The analysed material confirmed the importance of commercial partnerships in Lewandowski’s
digital communication. Sponsored content was integrated into his broader personal narrative
rather than appearing as separate advertising material. Brand collaborations were commonly

connected with themes such as professionalism, quality, performance, and success.

This approach reflects current trends in athlete branding, where commercial effectiveness
depends on the perceived credibility and authenticity of the athlete. Previous studies indicate
that social media allow athletes to increase commercial value by developing personal brands
that combine professional achievements with individual values (Bredikhina et al., 2022; Doyle

et al., 2022).

The findings demonstrate that Instagram functions not only as a communication channel with
fans but also as an important platform for managing sponsorship relationships and strengthening

market value.

Overall Discussion

The results demonstrate that Robert Lewandowski’s Instagram functions primarily as a tool for
personal branding and digital identity construction. The dominant element of his online
presence is football performance, while other dimensions, including family life, lifestyle,
emotional communication, and commercial partnerships, strengthen and diversify his public

image.

The study shows that successful athlete branding requires a balance between professional
visibility, authenticity, and strategic communication. Social media allow athletes to control their
narratives and communicate directly with audiences; however, effective image management
depends on careful selection of content and maintaining consistency over time (Doyle et al.,

2022; Woods et al., 2023).

Although health-related elements were not a dominant form of communication in the analysed
posts, the athlete’s image was indirectly associated with discipline, physical preparation, and

professional lifestyle. This indicates that athletes may construct perceptions of health and

364



1** INTERNATIONAL CONGRESS ON HEALTH, SPORT, ENERGY, AND ENVIRONMENTAL
SUSTAINABILITY — 23-25 APRIL 2026

positive values through representations of commitment and performance rather than through

explicit educational messages.

Overall, the analysis confirms that social media have become an essential element of
contemporary athlete branding. A carefully managed online presence can strengthen
relationships with followers, increase commercial opportunities, and support the development

of a credible and recognizable athlete identity.

CONCLUSION

Focusing on Robert Lewandowski’s Instagram posts from early to mid-2026, this study
explored the impact of social media on the public image of professional athletes. It found that
these platforms are indispensable for branding, self-presentation, and maintaining a direct

connection with the public.

The data suggests that his online persona is shaped by a combination of sporting
accomplishments, personal stories, lifestyle glimpses, and marketing efforts. While posts about
his football career solidify his reputation as an elite player, sharing personal milestones and

family experiences adds depth to his overall image.

The study also shows that professional identity is the central element of Lewandowski’s digital
presence. Through consistent representation of discipline, commitment, ambition, and
performance, social media support the construction of an image of a highly professional and
successful athlete. Although detailed health-related information, such as nutrition plans or
recovery methods, was not a dominant element of the analysed content, associations with a
healthy and disciplined lifestyle were created indirectly through representations of physical

activity, preparation, and professional commitment.

The findings highlight the importance of authenticity and emotional communication in
developing relationships with followers. By combining sporting achievements with selected
aspects of private life, athletes can create stronger connections with audiences while
maintaining control over their public image. At the same time, social media communication
remains a strategic process in which visibility, authenticity, privacy, and commercial interests

must be carefully balanced.
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This study confirms that effective management of an athlete’s digital identity can increase
visibility, strengthen audience engagement, and support commercial opportunities. However,
the construction of a positive online reputation requires continuous attention because every

published message contributes to the perception of the athlete’s personal brand.

The study has several limitations. First, it focuses on a single athlete and one social media
platform, which limits the generalizability of the findings. Second, the qualitative approach
provides an in-depth interpretation of communication strategies but does not examine audience
reactions through quantitative engagement measures. Future research should compare athletes
from different sports and cultural contexts, as well as combine content analysis with audience

engagement data.

Overall, this research demonstrates that social media play a crucial role in contemporary sports
communication. Athletes are no longer only competitors but also personal brands whose online

presence shapes their reputation, commercial value, and relationship with audiences.
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ABSTRACT

Cancer remains a major global health issue, ranking as the second leading cause of death
worldwide. This study aims to examine research in the field of cancer and on awareness-based

interventions using bibliometric analysis and scientific mapping methods.

This study employs bibliometric analysis and scientific mapping methods. The data were
collected through a search of the Web of Science (WoS) database conducted on April 10, 2026.
Analyses of countries, authors, institutions, journals, and keywords were performed using the

Bibliometrix package in R.

A total of 1,932 publications were identified in the study. The highest number of publications
related to cancer and mindfulness-based interventions (12.2%, n = 236) was recorded in 2025.
The journals with the most publications were ‘“Psycho-Oncology” (14.73%, n = 81) and
“Mindfulness” (14.55%, n = 80). The most frequently used keywords in the studies were
“mindfulness” and “cancer,” which were commonly used alongside all other keywords. The
United States emerged as the country with the highest number of publications on the subject.

Additionally, the most cited publication, with 8,552 citations, was authored by Brown and Ryan.

This study provides a comprehensive review of the literature on mindfulness-based
interventions in cancer care, highlighting current research trends in the field. The findings
indicate that these interventions are playing an increasingly important role in supporting
psychosocial well-being and that further evidence is needed to support their integration into

clinical practice.

Keywords: Cancer, awareness, intervetions, oncology, bibliometric analysis
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